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PREFACE 

TO 

'I HE THIRTY-SECOND EDITION 

of Professor James \\Tn'||iu early in ig55 has led !o the formation 
of an tdilonal BoarU. Professor F rancis [)avies, of the Imiversitv of Sheffield, who 
has for many years undertaken the revision of the Digestive and Rwpiratory System*, 
has joined the Board and for this Edition he has also undertaken the task of revising 
and in many parts rewriting the Automimic Xervous Svstem, the Organa of the 
Senses, the UTOgenita] System and the Ductless Glands, In addition it has pmved 
desirable to give further help to the Senior Editor, juid Profesor D. Davies of 
St. 'rhomas's Hospital has been added to the Board. He ha.^t been responsible for 
the mnsion and complete rewriting of many parts of the sections dealing with 
Histoiogj’, Embryology, the Joints, the .Muscles and the Central JCcnous System, 

The Senior Editor Itas revised the section* dealing with f>steology, Angiology and 
the PcripiieraJ Nervous System, and has included new matter in ooiincidoii with 
the Anatomy of the Heart. The Editorial Board is indebted to Mr. R. F. I !. Brain, 

!Vi.S.,^ I',R,C.S.. A^istam Surgeon in the Deportment of Thoracic Surgery', Guy’s 
Hospital, for revising and rewriting mtist of the paragraplis dealing with Surgical ^ ‘ 
.\pplied Anatony. 

Ihe (ate Professor James Whillis had been connected with firoy’r Attaiomv for 
many ycara, for he had assisteii the latc.Professor Howden in a mii^or capadtyi and 
the Senior Editor in a major capacity, Iveforc he became a Joint Editor in 1940. 

His loss is greatly deplored by all who have the we||-|ieing of f;ravV Anal^mv at 
heart, 

A happy coincidence has brought Professor D. Davies into touch with Miss 
A. S. J’itton Jackson, for to her the F.diioria| Board is deeply indebted for the loan 
of Ihe electron micrograph* which appear in die sections of Histojngv and Embiy- 
ology. It is especially fortunate that we are able to Include these beautiful photo- 
grajihs In the (.cntcnaiy Edition, for Miss Fitton Jackson is a blood reiaiive of 
Henry Gray himseir. 

\\c are acutely conscious of the importance of mnlntainlng the high ai.indflrds 
previously attained by the illustrations, and again wt have been fortunate in having 
the services of Mr, S. \\, Woods, whose figures are always accurate, clear and 
beautifully finished. This edition contains more than s hundred new figures, 
many of which Were required to replace old blocks that Jiad been badly worn, W'e 
acknowledge gratefully our debt to Mr. W’ood* for his meticulously «rafu! work. 

As always in the past wc have rcosived itmch generous help from friends and 
colleagues, too numerous to mention individually, but wt: wish to thank especially 
Mr, R. J. Scotliome, Lecturer in Human .Anatomy, University of Glasgow, Mr. 

M', Hiwvitt, St. 'rhomos's Hospital Medical School and Mr. R. Spriim, Univcrwtv 
of Sheffield, Wc desire to thank also those readers, both at home and abroad, 
who have taken (he trouble to draw our attention to typijgraphical and olhtr 
minor errors. Their help i$ very' greatly appreciated. 

The indc^ is the wmrk of Dr. P, L. Williams: of th^ Atotomy Department, 
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PREFACE TO THE THIRTY-SECOND EDITION ^ 

Guy'a Hospital, and he has devoted much care and discriminadoti to this rather 
thankless and tedious task. 

Since 193J the Editors lisve used the B.R. Tcmifiologj’ (Binninghain Revision 
of the B.N.A*) in Gray's AmUm\\ hut at Oxford in 1950 the Fifth IntcrnaAonal 
Congress of Anatomists set up an Internationa! Anatomical Nomenclature Com¬ 
mittee to review Anatomical Nomenclature. The Report of this Committe# was 
accepted (nnw. cam) by the Sixth Inlematbiml C-ongress of Anatornisiii at Paris 
in 1955 andp funheri a recommendatmn to set up a Standing Nomenclature Com¬ 
mittee to deal with any pertinent matters as they may was unanimously adopted i 
'rhe Editorial Hoard of Grays Anafamy gat^e full coKiideitition to ihe action 
that should be taken in this connexion and it was nnanimously agreed to tnsert the 
^ Nomina Anatomica Paris in the Centeuar)^ Edition^ taking full advantage of their 
freedom to rranslatc the Latin forma inio its English ci]uivalent. It was further 
decided to be very sparing in the use of parentheses and to avoid their constant 
repetition. Accordingly 1 when? the N,A.P* term differs from the B.R, term^ the 
btter is included in parenthesis on the first and often on the second occasion that 
the same sijuctuix is mentioned, but thereafter the X*AiP. term ts used withtmt 
any parenthesis. The Editors sincerely hope that the line of action they' have adopted 
will be accepted as a reasonable step to take and one whichp in the general interests, 
is fuUy justifiable. It w'ill be found on reading that the LA.N.C. acicpied a highly 
conservative attitude in thdr re%’iaion of the BhNsA* 


T. D. J. 


ONE HUNDRED VKARS 

OF 

.G R AY' S A N A'rO M V 


Tite present edition h publiahcd one hundred vL-iirg mfter the firai edition, ind mi 
CO rsti lutes t he fen wnflr>' lid i tioh 0 r t he \i od<. 11 sho ij Id dierefore be of in terwt to 

sunimarjstc ihc^ main featurc^£ of its hiBiarya 

Htnrj Cray died soon after tlic publication of the second edition, when he was 
only 34, but he had already, at ihe Very earfy aifc of 45, been eleeieJ a Fellow of the 
Koyal bocieiy. His work on the " Development in msin of the Retina and the Optic 
Nerve and of the Membranous IjibvTtnth and the Auditory Xtrve " had marked 
Jiim out as a man of great ability and originality and hid very favuuralily impressed 
Sir Benjamin Hrodie, F.K.ri., who was then tlie Fteoior Surgeon at St, George'* 
Mospital and to whom the first edition of Gray'i Ainftvmyi was dedicated. Gray w'a* 
a man of unusuaj industry and his first edition ran to 730 pages and contained 
363 figures, all drawn by his friend Dr. H, \'undyke Carter, most of them from fresh 
dissections, which were the wort of Gray and himself. 

The brwk had a soiiuiwhat niisied reception from its reviewers. The I^nret 
gave it 3 very favourable notice, hut the 'Awer appears to have b«n very 

erttied ami even suggested, *|uitc unjustifiably, that it owed much to the then 
current cditiDu of Quain and Sharpey’s Anaiomy. Nevertheless the bewk appealed 
strongly to medical student, for whom Gray specially intended it, and wag sold out 
inside lu-o years. The second edition shnwetl little change from ihc first, a fact that 
may well be es plained by the urgency for its pubTication. 

Tjic first two fdilTtins were published by John ^V, fhuktr & iion, l/>ndon. who 
sold the rights for (he I nitcd States of America (o the N^-w ^Virk firnt of Lee and 
Blanclmrd, later iasc and Kebigcr, Soon afier flray's death I/mgmans, Green & Co 
boughl the rights for Great Britain and the rest of the world from Parker and Soh^ 
who were giving up business. Uy private arrangenent the earlier American editions 
wcTc facsimiles of the English edition Imt, not long after the turn of the century, Lee 
and Fcbiger appointed their own editor, with the result that the English editton 
now CO ntainii much mat ter which dllTercn ti ntes the two, Despite heavy losses caused 
by enemy action during the war. one of the correspondence files still preserved con¬ 
tains a copy of Gray's original contract with Parker & Son and letters that passed 
between them. It le specially interesting to note that Gray expresses the hope that 
be is not '* lining totj sanguine "in anticipating that there will be need for a second 

pi>$sibl)\ further edidons. 

[.otigman* invited Timothy Ifoinns. M.A.. F.R.C.S., .•kssistant Surgeon to 
St, George a J hospital, to edit the third and seven succeeding editions. He was a 
man with a gr^ai reputation as a teacher at Bt. George's llos|ytal and had been In 
doss touch with Gray during the preparation of the second edition. They had 
discussed the desirability of adding sections an Histology an^d Embryology, but 
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viii ONE HUNDRED YEARS OF GRj\Y'S ANATOMY • 

Gray felt that they should be added later. Consequently it fell to I lolmes to intro¬ 
duce these two scciHJHa in the third edition and. for many years, under the title 
of General Anatomy they constituted the first 145 pages, numbered in Roman 
figures, and were followed by the Osteology section which commenced on page i. 

Holmes held that “ Vital phenontena are purely within the domain ot the I’laf&iti- 
logist " and it toolt time for Anatomists to appreciate that there nwst bs, o^r ought 
to be. considerable overlapping betrveen the two subjects, if only because the 
Physiologist, while devoting his attention to living muscle and its problems, had 
never ecmcenied himself with the individual muscles and^ointa of the body. -As 
a result, apart from increased space given to Histology and Embryology, the book 
showed little tendency to expansion for many years. 

The third editor was also Suigenn to St. George's Hospital, T, Pickering Pick, 
F.R.C.S., and, after helping Holmes to revise the ninth edition, he took complete 
responsibility for the tenth and four subsequent editions. One of the first changes 
he introduced was to incorporate the Histology and Embryology into the text 
proper. The brief summaries of the structure of most of the organs, which Gray 
had included in the appropriate section, were incorporaicti w that the book remained 
substantially the same size and its contents were at first retained very much as they 
had been written ori^nally. 

In the cleveiith edition, in 1887, colour was introduced for the first time, re- * 
strlcted to the vessels and nen-cs, and had tlie effect of making the book more 
atiracti^'e in appearance. 

When the fifteenth edition was being prepared for puhlication, the late Pro¬ 
fessor R. 1 hmden, M.A.. M.B.. C.M„ D.Bc., LI..D.. Professor of Anatomy at 
' Durham I'ltiversity, wos brought in to assist Pickering Pick and in 1909 Ite took 
over full responsibility for the book for the seven succeeding editions. I>uring this 
period he revised and partially rewTote ntany of the sceiions, expanding them con- 
sidcrahly and adding a large number of new figures, so that when he came to resign 
the editorship in 1928 the book bad more than 1300 p^cs and nearly as many 
figures. A new section, dealing with Surface Anatomy and Surface Marking, • 

introduced on account of the increased amount of attention being given to Living 
Anatomy. At a later date this section was omitted because it wa.s found more 
desirable to correlate the information it eontained more closely with the deaeriptions 
of the individual structures conremed. 

In the hwi thirty years, under the present Editorship, the emphasis given to 
Living .Anatomy has steadily increased and the purely morphological ispccis of 
the subject have been as steadily diminished, Further, the mtroduction of a re¬ 
presentative scries of X-ray phott^raphs has, it is hoped, retained the emphasis 
which Gray originally liud on the neosaity for a Fextbook of fluman .Anatomy to 
provide the medical student with the kind of informitljon be moat needed. 

The sections dealing with Embryology and the Centra! XerNous System have 
been considerably expanded by the inclusion of much new matter. ‘Phe figures 
and plates now total 1329 and the text alone ntiw comprises 1546 pages. 

Originally Gray's Anatomy was written in the terminology current at (lie time 
of its publication, but when the Kasic Nomina Anatonuca, which was the first essay 

an ofikial termbology. was first published in 1895. Professor Howden soon 
adopted it. Forty ytsara later British .Anatomists were no longtif satisfied with the 
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ONE HUNDRED YEARS OF GR.\Y*S ANATOM^^ 

B+N,A+ and they had issued a revised version known as the B.R. (Birmingham Re- 
viuon) which in its turn h;iH given to the N*ApF, (Namjim Anatomical Paris)* 
Tbt^ changes can be correlated with I he cnormons advances made Ln anatomical 
knowledge^ favoured by the subsidies fcirthcornuig for research work made in 
man^ countrieat and the establishment of a standing Anatotnietil Nomcndaiure 
Ojtnmiitet hy the Intemaiional Congress of Anatornists ai their meeting in Paris 
in 1955 should make it a iriLich simpler pruceas lu effect Siieh changes as may in 
future prove necessary. 


T. B. JOHNSTON 
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plunry Gf*y is seated sccoiid fititn the left in ihe front row. 
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NOMINA ANATOMICA PARIS 

The numhcr g( new icrnis mtrodiiccd by the X.A.P* is rebtively amalb for it waa 
ba^ed on thcr b,N-A*i and m very many instances the terms^ithough differing from 
the B,N.A., are identical with the terms used in the B.R., which has been current 
Ld English Anatomical texib<K>k£ ^nce its uitroduction in 1933. Further* in a targe 
percentage of cases the changes ihcmaelvcs arc of minor degree and, on that account, 
the Editors do not propose to Include a complete glossary. On the other hand they 
believ e that the subjoined list, which contains all the more radical aLtcrationSp will 
serve as a useful reminder for readers who may already have started thdr courses 
in Human Anatomy as well as for others who hmt already become accustomed to 
the B.R* 


Processus odontoideus 
Incisura suprasternal is 
Tuba pharyngotympanica 
Foramen opticum 
Incisura suprascapularis 
Tuberositates (humeri) 

Sulcus spiralis 
jVo/ n^med jjj B.R. 

Fades articuiDiis sceiahuli 
Lines glutea media 
Processus atyloideus fibulae 
Cartilagines semilunares 
Anterior ct Posterior 
Mnsculns sacrmpi nalijs « 

Aponeurosis epic rani alls 
Lig. inguinale (para pectinealis) 

M* flex. dig. sublimia * 


N.A.P. 

Dens (axis) 

Incisura jugularis 
Tuba auditiva 
Canahs opticus 
Incisura scapulae 
Tnbemjhi (hnmEri) 

Sulcus n. radialis 
Condylus humeri 
Facies tunata ucctabuH 
Lines glutca anierior (ilii). 

Apex (capitis flhulae) 

Menisci 

Ventraha et Dorsalis {often med) 
Muficulus erector spiuac 
Galea nponcurotica 
]Jg. lacunarc 
M. flex> dig. ttipcrficialis 

Sulcus corOftaHus 
Septum icrioventriciitare 
Myocardium 

Valvn a.v. dextra [V. tricuspidalia] 

Crista supmventrictilaris 
ConuB arteriosus 
Valva ttunci pulmonalis 
Trabecula wptomarginalis 
Valv-a aortac 
Valvulac 

Sinua trunci pulmonalia 

RAmi pulmonalw*sefgtnentorum pul 
monaliurn " 

* 


Sulcus airiovtntricularia 
AW named in 
\eu romyocard ium 

Valvuk a.v. doxtra [^^Alvu!a tricuspid 
alis] 

Crista infundihuJo-ventriculafis 
InfrindihuJurn 
V'alvula trunci pulm<malix 
Fasciculus moderator 
Vajviila aortac 

« 

Cuspidc4 
AW najned in 
Not mimed in M.R. 
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NOMINA ANATOMICA PARIS 


N.AJ?. 

Tiiincu;ii brachitKephalicvw 
A* Idbyrintlii 
A. thorstcic^ intcmd 
A. ^yracQ^acroiTiwIta 

A. thorscDdorsaiis 
Aa. sigmcndcac 
Vv. bnachioc^phajicae 
V. vertebralia acccsscjcla 
V. netroinanilibiikris 
V^ faeidb 


NodtLB lympiiatiiitJS [T^ymphonotliis] 

Medulla apinilis 
Nuclcua dunialifi 
'fractua corticospinalcs 
corticopuntini 
Lamiria lecti 
Colliirulu^ ayperior 
inferior 

Adliaeaio inicrthalaniica 
Gynja pa^thlppocarapaiis 
•Radiatia aenstica 
Ganglion plcry gopalilinuiti 
N. stato-acuaticua [N» octsix^s] 
Tninctw vagalts antenor 
Truncua vagal is poatenor 
Ansa ccrv'icalis 
N. tbisracodarsalis 
dorsalis scapulae 
N »«axiJkns 

N- peroncus communis 
N. peroneus suptrficialis 
Nt pcroncus pitifundus 
N* ubialia 
N* tibialis 
N. Tcctalis inferior 

fsthmiis faucium 
Tendo crico-ocsophagcus 


B.R. 

A. innominata 
A. aiiditoHa intema 
mjunmuja iniema 
A. acrtimid-thoracalis 
Not nom^ii in B.R. 

A^. colicac sinistrac inferiorcs 
Vv- innominatat 
Not m ILR, 

V, facialis pnsiedor 
facialis anterior 1 
V. fydaUe communis/ 

L^mpTioglandula 

Chorda spinalis 
Ntidcus thoracalis 
Fibrae cerebrospinaJes 
Fibrae ccrcbmpontinac 
1 tctom 

Corpora quadrigemina^superiora 
Corpora quadrigwiina inferiura 
Connescus interthalamicns 
Cyrus hippocampalis 
Radiatio auditoria 
Ganglion sphenopalatinutn 
audkorius 
Nol nsmed in 
jVor niimtd Iff B.R. 

Ansa hypoglos$i 
N- m. larifiajmqs dorsi 
N. mm., rhoftiboidcoruni 
N. circnmRcJSUs 
N. poplkeus laieralis 
N. museulocutaacus 
X. tibialis aniwior 
poplitcuB mcdialis 
N. tibialis posterior 
N. haemorrlioidalis inferior 

Isthmus oropharymgeus 
Not nstmd fn iLR. 







I 


> 


I 


CONTENTS 


rAam 

One HvNDREii V kails ok Cray's 
Anatomy . 

Nomina Anatomioa Paris . . 

iNTROOL'CTtON ^ * * . 30ES 

histology 

I'he aninial ccU . * 

Rrproduction of Mills - ■ 3 

TKe general stnictijre of the body . 6 

The tissues of the body . ■» ® 


Epithelium 

7 

The connective tissues 

. 1 1 

The sclerous tissues . 

19 

Cartilage 

19 

Borie * X - ■ 

^ 22 

Muscular tissue 

31 

Nen^ous tissue . 

i 37 

The body fluids * 

- 44 

Blood . - > ■ 

+ 44 

LjTnpb . * + ' 

- S° 

Tissue fluids 

50 

^nc marrow , 

- s* 

Reticulo-endothclifll ayslern ■ 

. 53 


tzS 


embryology 

Introduction ^ • 

The o^Tim , . ^ " 

The covenngH of the ovum - 
The miiumtion of the ovum 
The spermatozoon 
The fertiligation of the ovum 
Heredity and huiiien genetics - 
The sefitnenifltion of the ferliliscd 

The differentiation of the embo'^tiiie 

t area - ' ' r J f ' 

The early development oi the ter- 
dlis^ ovum in lower forim - 
The segmentation of the mesoderm 
and the formation of me tntm- 
timbryonic ccelom - * 

The formatioii of the embtro 
The nutrition of the emb rj o * 
The fcctol membmnes and the 
placenta ^ * 

The phylogeny of the placentt . 
The development of the individviai 

s^'Stenii . . * T i . ^ 

The development of the skeletm 

system . ■ "i *. ■ 

Tha branchial apparatus^ and the 
development of the face, nnse 
and palat* + - + 

The development of the locomotor 

The development of the skm and lis 
appendages , ^ h ^ 


53 

5 * 

ss 

5 9 

60 
t >3 
bs 

bb 

73 

7 ^ 


The development of the nervous 
syatmn ,. « ■ + ' 

The development of the spinal 
fnedulla , . 4 - 

The development of the spinal 
nerves . . * * 

The development of tlie brain . 

The rhombencephnlnn . 

The mesencephalon 
The prosencephalon ^ - 

HTic devclopmeiit of the cranial 
nen^es . * . - 

The development of the auto¬ 
nomic system ^ " " 

The development of the chromaffin 
organs , . r . 

The development of the suprarenal 
glands „ . 4 . - 

The dcvelopmeni of the sense 
organs , - p . . 

The nose * ^ ■ 

The eye ^ ^ 

l*he ear ... - - 

The development of the vascular 
system . . . ^ -p 

The heart , , . - * 

The arteries . * p ^ 

The veins , * - . . 

The development of the lymphatic 
aystem - + . , * . * 

The deii'clppmcnt of the digesti'^'e 
aysfem . , ^ « 

The development of the peritoneum 1^6 
The development of the respimtory 
ayslcm , , + ^ ■ 

The development of the body- 
cavittes . - ■ ■ ■ 

The development of the urogenital 
system * . * - ^ 

The fonn of the embry o at different 
stage? of its grow-ch 


79 

Si 

S 5 

102 

103 

103 

loS 

120 

ti+ 


laS 

129 

134 

135 

144 

144 

145 

J 45 

145 
14s 

146 
150 

151* 

154 

167 

174 

180 

jS] 


200 

201 

204 

221 


OSTEOLOGY 

The general framework of the btsdy zib 
The vertebral ceilumn . . . 228 

The general' churaeteristics of 2 

vertebra , ■ . . 22S 

The cervical vertebrw . - 230 

The thoracic vertebnt - . 236 

The lumbar vertebriE , + 239 

The sacrum . * - . 24- 

The coccyx , - » - 247 

I’he ossification of the ^'crfcbrpl 

column . » P ^ 248 

The vcTtebril column as 1 

w hole . . . - 1 

Tkie ijtemum * . . . 213 

The ribs \ * * p h 257 


i 









i 


CONTENTS 


The costal cartilages 


rJW 3 i 

z6] 

The ihonta ^ 

* + 

262 

The skull 


264 

Introductory 

. * 

^^4 

Norma verticabs 

. 

269 

Norma frontalis 

. 

270 

The orbit 


272 

Norma occipitalis 


276 

Norma lateralis 

r -1 

277 

Norma basalls . + 


282 

The interior of the skull 

. 

290 

The internal surface of the skull- 


cap 


291 

The internal surface of the base 


of the skull 

> 

291 

The nasal cavity » 


299 

The mandible 

J- i 

3*5 

The hyoid bone . 


3*9 

The ocdpilal bone 

i 

311 

The sphenoid bone 

h 

314 

The temporal bon^ 

. 

3 ^ 

The parietal bones 


328 

The frontal bone . 


330 

The ethmoid bone 

. + 

553 

The inferior nasal conchnr 


33^ 

The lacrimal bones 


338 

The nasal bones ^ 

. 

33 ^> 

The vomer * 

1 

359 

The sutural bones 

■ iB 

341 

The facial bones , 

■■ -P 

34 * 

ThA miutiiha 


34 r 

Tlie palatine bones . 

w 1 

54 « 

The zyecimaiic bones 

V 

350 

The differences in the skull due to 


* asc 


3 S* 

The sei diffenences in the skull 

355 

The limbs 

. * 

3 S 6 

The bones of the upper limb 

35^ 

The Bcapuld 

- 

55 ^ 

The clavicle 


3^2 

The humcnis - 

- 

5 &S 

'fhe radius 


57 a 

The ulna , 


377 

The skeleton of the hand 


5B1 

The carpal bones - 


3S1 

The metacarpnl bones 

. 

387 

The phfllttngcs 

. 

39* 

Ossification of the bones of ihc hand 391 

The bones of the lower limb 

392 

'Phe hip-bone . 


392 

The pelvis 

. 

4*3 

The femur 


408 

The patella 


420 

The tibia . 


421 

The fibula 


428 

The skeleton of the foot 


433 

The rarsal bones , 


433 

^ITie metatarsal bones 


443 

The phaJanges 

. 

44(1 

Ossificaii an of the bones of the foot 44^ 

Comparison of the hordes of the hand 


and foot 

- h 

447 

The sciflmoid hones 

- 

449 

SYNDESMOLOGY 


General description 


450 

Clsisificatiion of the Joinis 

- 

450 


PAO* 

The movemeata and mcchEni^Tna 

of joints . 4 . 455 

Accessoiy movemenis - _ _ - ^ 417 

The [dmpDroimndibubr joini , 45 S 
The pints of the vertebral coliunn 461 
The joints of the vertebral eolurnn ■ 
with the crMimm - - - 47^> 

The ciMtovertebral joints . + 47^ 

The atemocostaJ Joints . * - 474 

The sternal joints , . - 475 

The mechanism of the thoni:s * 47| 

The joints of the iJtper Ihnb girdle 478 
r. The Etcmoclavieular joint ^ 478 

IL The acromioclavicular Joint. 479 

The itiovementa of the 

shoulder girdte . 4S0 

The lEgamcnts of the 

scapula . . . 4^1 

III. The shoulder joint , . 4 ^^ 

IV. The elbow joint . . . 4S8 

V, The nuXio-uInar joints . 493 

VL The Tadiocarpal or wrist 

joint , . . . 497 

VIE Use intercarpal joints . 49-9 

VIII. The carpometacarpal joiniE * $01 

iX, The intermetacarpal joints . 503 

X. The metacaipopholanBeal 

joints . * + . 503 

XL The interphalangeal joints . 505 

TIte joints of the lower limb girdle. 50b 

1, The sftcro-iliac joint ^ - 506 

IL The pubic a>triphy8is . . 50S « 

The mechanism of the 

pelvis - - « 509 

The joints of the lower bmb . * 511 

I. The hip joint * ^ * 5” 

tt- The knee joint ^ . . 518 

111. The tibiofibular joints . 5 30 

TV. The ankle joint . . . 531 

V. The intcrtarsal joints . - 535 

VI. The to-raometatafsal joints , 540 

VIL The intennetamrsaJ joints . 541 

VII[. The Tnetatarsophalangeal * 
joints .... 5^2 

IX. The intcrphalangealJoints . 54I 

The movements of the foot as 1 ^ 

whole - - . - 543 

ITie arches of the foot . . - 544 


MYOLOGY 

Introduction and dvlinitions ^ 546 

The tendons, ap^incuiroBeSH and 

fascise . p - * * 55 ^ 

The Fasci/e and Muscles of the 

Head.55^ 

1 . The mosetes of the sealp * S 5 ^ 

11, I'he muscles of the eyelids ^ 554 

HI. The muscles of the nose - 556 

IV. The mtiacles of the mouth ^ 556 

The muscles of maaticarion ^60 

The Fascias and Mdscles of tub 

A.VrEROLATEliAL REOION OF 

THE Keck . . « . 565 

L The siip«rficiiil aim! lateral 

cer\'ical niLiscJts . « 56^ 










CONTENTS 


The Fascia ajad Mltscles of the 
Anterolateral II^gion of 
^ THE Neck (ctmtinued^ 
tL The AUcl Infra^hyOld 

mtiaclea , , * 569 

III. The suiicrior vertebral mos^ 

clea .... 57* 

IV. The lateral vertebrd muscles 574 

TrtH FASCIi^E AND MuBCLJE OF Tire 

Trunk . . . . . 575 

f . The deep mudj^ea of the back 575 
I th The SLiboccipital muscles ^ 5^1 

[IE. The muscles of the tlior^ , 5S2 

n'hc movements of respir- 

ation h « I |S 3 

IV. The masclca of the abdomen 5^9 

V. The muscles of the pelviis , 632 

VI. The muscle* of the perineLim 60& 

1. The muscles of the anal 

rcfOt^on p ip . C^oh 

2. The muscles of the oro~ 

gcnitid region : 

(a) In the mole - 607 

(6i) In the female . 609 

The Fmci^ and Muhl-les of the 

Cpfer Limd . . . 61J 

1 , The muscles conneedng the 
upper limb with the 
vcrtchiaj column . . 6 ji 

II. The muscles conncctinig the 
upper 1i mb with the an¬ 
terior and lateral thor¬ 
acic walls + . .614 

HE. The muscles of the shoulder 6iS 
IV* The muscles of the upper arm &22 
V* The muscles of the forearm 6^6 
VI, liie muscles of die hand . &40 

The Fasci/e and MusCLfia of the 

Lower Limb * * . 652 

I. The muscles of the iEiac 

region . . « . 652 

^ IE. The muscles of dit thigh . 655 

1, The anterior fcmonil 

muscles + p . 655 

2, The medial femoral 

t muscled * p - 6bo 

3, The muscles of the 

gEuteal rejdt^n ^ . 663 

4, The posterior femoral 

muscles * . 670 

HE. The muscles of the leg * 674 

I, The anterior cmniJ 

muscle* , . 67* 

z The lalcral cmriil 

muscle* . - . 675 

3, The posterior cruml 

muscle* . - ■677 

The fascia round the 

ankle . - 

IV. The muscle* of the foot * 685 

ANGJOLOGY 

An outline of the cirailation of the 

hlotKJ . ■ , • ^ ' ^^4 

The structure of arteries . - 695 

The structure of capillaries ^ * 697 


The ECmaurc of veins . 

Afterio-vennus anastorii <fea * 

The thoracic cavity 

The pericardium , 

The heart * , , . . 

The conducting s^^tetu of the heart 

lire fcctal circulatlDB . 

I'he chfingc* in the bhHrd vascular 
system at birth 

Abnormaiiies of the heart , * 

The Ahterees — general descrip¬ 
tion . . . , . 

The pulmonary tnink 
The aorta ..... 
The aacetiding aorta 
The arch of the aorta 
Tht brachi4.rcephalic (innominate) 
trunk . . ^ . 

The .Arteries of the Head and 
Neck * , . . * 

Tlie common carotid arteries 
The ejcicmel carotid artery 
The triangle* of the neck , 

Tht internal carotid artery 
The arteries of the brain h 

The Arteries of the Upper Ltwa 
The flubdavlati arteries 
The axtlii . . , ^ 

I’hc aicillaty artery * 

The brachial artery . 

The cubital fossa 
The radial artery 
The ulnar artery 

The .Arteries of the Trunk 
T he thoracic aorta 
The abdominal aorta 
The conurion iliac arteries 
The interna] iliac artery 
The extemal ijjoe artery * 

The ARTPnrPS of the Lower Lime 
T he femoraE artery ^ 

The femoral sheath . 

I'he femoral triangle^ 

The adductor (subaartoriil) canal 
The popIsTeol fossa ^ , * 

The popliteal artery . 

The anterior tibial oitcry ^ 

The posterior tibia! artety 

The Veins— general description 
The pulmonaiT.^ veins 
Hie Vein* of ihe hean , 

The veina of the head and neck * 
*rhc Vein* of the neck . 

The diplok vein* . 

The veins of the brain . 

The venous sinuses of the dura 

mater - n « . 

The emissary'veins . 

The vein* of the upper limb and 

thorax . , 

llie superFctal reins of the 
upper limb 

The deep veins of rhe upper 
limb . . * , 

The Vein* of the thorax , 


693 

699 

701 

704 

704 

740 

723 

725 

726 


727 

728 
72^ 

729 
73 ^ 

734 


735 

73 * 

73 ^ 

73 * 

754 

76t 

763 

7^3 

774 

775 

77K 

779 

786 

792 

792 

795 

807 

816 

817 
817 
Sj8 
819 

8t9 

B25 

845 

828 

^35 

^35 

S36 

^37 

839 

844 

S45 

847 

854 

fi 54 

854 

S57 

858 






COxMTENTS 


I 


Jtviii 

I'lEH Ved^s 

The veins of the vertebmli cutunin 
The of ihc lower 

pbdcTncn and pcK'is 
The Kuperiicjal veins of ihe 
lower limb ^ » 

Tiac deep veins of the lower 
Limb . . ^ ^ 

*J'hc vcLioi of the ebdomen and 
pelvis . . . . 

The portal syitem of vein* 

This Lvmi^jiatic System 
T he tvmph vessels , 

I'he lymph nodes 
The thoracic duct 
The cisternd diyU , , 

The l>TnphRtic dminsfce of the head 
iind neck , . , . 

The deep cervical lymph nodes , 
The Lymphatic dniinaRC of the 
supeHiciitl tisstiea of the head 
and rtcclc . » ^ ^ 

The lymphatic drainage of the 
deeper TUHuea of the head 
and neck ^ > 

The lymphatic drainage of the 

upper limb 

The hunphatk drairmRe of the 

Lower Limb 

The hinphalie drainage of the 

abdomen and pd\ie + 

The pre-PortiE: lymph nodes and 
their area of drajnLOMr » 

The lateral aortic lymph milieu 
and titeir area of drainage + 
The lymphaEic dminage of the 

thorax » , , . 

The lymphatic drainage of the 
thomcic wnlla . 

The lymphatic drainage of the 
thoT^c contents 

NEUROLOGY 

Introductory » » p h 

T^e atTUCtural components of the 
ncrv'oua iystern 
The synapse 
llic neurnne theory 
The functiimul comiwnents of the 
ticrv'ouj lystcm . ^ i 

Nervoui conducting 
Tcmiinationji of ncrvc'fihita 
The parts of the nmou£ aystem . 

* The centra] nervous ayatem , 

The SptNAi. MEf>trLi-A (CofLO) . 
rntemol structure 
Nerve fmets - * . i 

The HHOMffKS(tr.i'JiAiJ.kN or Hind 

Bpain . 

medulla oblatifiata , 
Internal stmcture 
The poni h - - . 

Internal structure 
The cerebellum 
Internal structure 


PAoa 

1163 

1164 


ft 64 

tt66 


867 

874 


®77 

878 

S7TJ 

8S2 

S83 


S85 

S85 


ass 

888 

891 

89^ 

S9S 

899 

904 

909 

909 

9ZD 


914 

916 

916 

917 
917 
919 
927 

938 

9s8 

933 

94 ^> 



The RHO.MBIiNCEI»IIAt.ON OR iiiso 
Bhaix {cQfiiA 

Functional EigniiiejLnee 
The fotirih ventricle 
The MESKNCEVtiALON D« Mid- 
Brain 

Eniemal structuic 


roet 


933 

9 ^ 

988 

989 


The For£-hil\in on Ppc^n- 

CEPHALON . , , 997 

The dicneephalon , ^ 998 

The thalomi . , 1000 

The mctathnlamus . 1006 
The epithalamus , iou8 
The hypothalamus - 1009 
The third ventricle . . lot M 

The telencephalon * 1019 

'The cerebral hemi- 

spheres . .ton 

The rLiiticncephalan » r 031 
I’he Structure of the 

cerebral cortes . 1036 
Xlctbods of jnvcBtjgiition 1040 
Special cortical areas . TD41 
The stzucturr of the 

rhinEnccphalon . 1050 
.Myelinarion . , . 105a 

The cerebral commiuorcs 105s 
The interior of the hemi- 

vpheres . . . 1036 

The lateral vetitricLcs + 105& 
Tbe white matter * IC38 
The basal nuclei . ^ 1064 1 

The chorioldol bs&ure and 

the choriqid plejcus « 1069 
Summary of the chief nerve tracts . 1071 
The corticospinal and conico- 
nuclear Kystem + « « t07^ 

'I'hc extrapyramidai system , 1076 
The ecrebcllar systems ^ * tt>77 

Tlie mETnbranirs of the brain and 


Spinal medunn r - - . 1079 


I'llE t^EnirflERAL PAIIT OF THE 

Nenvous System ^ , to88 

The structure of the peripheral 

nerves and gangliu . . ic88 

Tice Cranial NEEvrs _ . 109^1 

The alfBctory' ncR^a ^ ^ 1093 

Tlie optic nerve ^ ^ 1095 

The oculomotor nerve . - 1096 

The trochlear nerve * * J099 

The trigeminal nerve . 1 100 

The abducent neive . ^ 1113 

The facial nerv'e , ^ 1114 

The SEato-acouatie (auditory) 
nerv'e . . . . .1113 

The gloesophaiyngeol nerve , iti7 
Tire vagus nerve . * . IT30 

The accessory ner%e ^ * 1136 

The hypoglossal nerve * - 1137 

T*he morphological relation¬ 
ships of the cranial nerves ^ ^40 

The Spinal Nerves , . .1141 

The dorsal rami of the ipinil 

nervea . , 1147 

The cervical neiv'efl ^ tJ47 

The thoractc nen^e^ . . 1149 


ii 




t:ONTENTS 


I'ln: SpiNAl. (contiTiUid} 

'rhc lumbar nen’w 4 ^ 

The nervei 

# The ceicejTfrai jicrv-e ♦ * 

The Vdfiirfll ramS pf the 

mjj^'ca . . , , 

• The cervicni nen'ea i 

llie umoil pleMiJa 
The brachial plexue 
The thpneic nervci * 

The lumbar ntrSvs 
The liiTrtbar plexua + 

The sacral npif coccyireii] 
nervei 

The sacral plcxu* . 

The coccygeal plexua 
The uiorpholoiry of the spinal 
nen^ arwi the limb 
plexuoea 

The cutuieoua iliitribution of 
the ipirul ficn'es 
The dtftribatipn of the spmiJ 
nerves Ip the muscles of 
the body , ^ * 

Tm Autonomic Nsnvtipa Svht™ 
The paraaympathcric aystem 
The lympstlietic s^atem 

The cephshc part * - » 

The cervical pan - 
The thoracic port ^ 

Tbe lumbar part * 

The pelvic part 

* The great plexuses pf the lynipa* 
thetic, . . - + 

The cardiac plexut 
The cceltac plexus ^ 

The hypogastric plexus . 

The pelvic plexuses 


1149 
11 SO 

JI50 

1150 

1150 

1155 

I 

1173 

it 7 J 

1170 

[i8p 

ti^i 


1191 
. not 


I lOh 
1107 

1199 

laoj 

TiOb 

1207 
tsn 
til J 
1213 

1314 

1314 

1310 

1219 


the organs of 'VHE senses 
and the skin 

The peripheral orgnoi of the special 

tenses » * » ■ - tsij 

The organ of taste . * - 1333 

Tlie ergan of smell . » - 1224 

The paranasal sinuses . , la^i 

"The nrgan of sight * . - * 33 S 

The coats of the eyr . » lijb 

The refracting media of the eye 1x4^* 
The acccMorj'organs of the eye 1250 
The organ of hrariTig - . J 364 

The external ear p - 1164 

tlie middle ear, or tympanic 

cavity . * - - 1370 

The auditory ossicles * i 1376 
I 1 ie internal ear, or labyrinth , 13S0 
The bony lahjTinih . + tsSi 

The mcmbranoiis labjTinth isfH 
The sliin p ^ ^ ^ 


The Rist'iMTOBV Syffi™ (rowf.) 
The larynx 

The trachea and hnofichi 
The plrurK 
The mediastinum 
The lungs , 

The DjfiEgTfVE Svbtem 
The moulh cavity 
TIte stilivary^ glands % 

The teeth , 

The permanent teeth 
The deciduoua teefh 
The itmcture of the feeih 
The developcnent of the teeth 
The emptiati of the lecth 
I'bc tongue p ^ P p 

n"hc pliarynx « j. p . 

Movements of the soft pidale . 
llie mechanism of deglutition * 


XIX 

rsea 

1303 

*319 

ijaS 

S331 

133J 

* 34 ^ 

1 J 4 J 

U 40 

I 3 |g 

1360 

136a 

ijtj 

1367 

1371 

1373 

1380 

t 39 » 

1390 


* SPLANCHNOLOGY 
The ttf-st’iiutoRY Svsnat > 


1303 


tND£a 


The oesophagus 

■ 1392 

The abdomen 


The peritoneum 

* 1399 

The stomach 

, 1415 

The small inEeitine . 

p 1423 

The large intestine . 

. 1433 

'The pancreas , 

- 1451 

The liver . p p . 

. 145^ 

The excretory' apparatus 

. t 4 bs 

The UHOtJCNlTAL Swrom . 

. 1470 

llie urinary organs + 

■ 1470 

The kidneys p 

. 1470 

The ureters . 

p 1480 

The urinary bladder 

. [^2 

The male urethra ^ 

p 1490 

The female urethra 

- 1493 

The male genital ntgins . 

. 1493 

The tesics 

p 1493 

Tlie ductus defectna 

- 1497 

llie %'eiiculie teminales 

and 

ejaculatory ducts 

. I 49 li 

The sperTnaiic cord and 

iti 

coverings 

. 1499 

"rhe scrotum - 

* 1500 

The penis 

. 1501 

'rhe prostate - 

. 1504 

The female genital organs h 

p t$o% 

The m^arid - . . 

p 150 ^ 

The uterine rubes , 

. l^M 

"rhe uterus , 

. IJll 

The ^'agifLi , 

* 1540 

The Mfcmsl genital organs of 

the female 

. tfXt 

The mamniary glands 

- 15*3 

Tirs Dticrusjs Geasi» 

. 1527 

The etidocriive organa 

- 15*7 

'^nve thyroid gland . 

^ 1527 

The pomthymid glands . 

^ 153 ® 

The psmganglia 

. t 333 

The comtid txidics 

- *533 

The coccygeal body 

^ 1534 

The suptartniil glands « 

* 1534 

The thymus 

* tS 39 

The spleen 

. tS 42 

4 









I 


* 


X-RAY PLATES 

RADIOGRAPHS 

L lateral of tb€ neck. FosinVe print . , . . 

IL Oblique rijjhi kieral view of lunrkbELr part of vertebml column in 
a youth of 17 years 

HI. t^teral radjoj^^ph of the skull in Eui adult . * . 

IV, Fig* t * Arte rjQgram df the intracranial cout^ and branches of the 
right internal carorid artery 

Ffc. 2^ Adult fiktiU showing paranasal sinuses. Frontal view 
V, Child's skull, aged 7. Occipito-fronid view , . . , 

V[. An adulFs shoulder . 

VIh The right shoulder of a boy, aged i j. Antero-postcriDr view 
VUE. Fm* ft Adult elbow. Antero'postenor view . . . ^ 

Ftc. 2. The elbow of a child, aged i j. Anterd-poiierior view . 

IX. Flc. r. The elbow of a child^ aged 10 years. Lateral view 
Fic. 2, An adult hand 

X. Fig. r. The hand and wrist of a child* aged ai years 

Fic, 3, The hand and wrist of n child, aged 1 1 years . 

XI. Fic. u The hand and wrist in full ftexion, viewed from the side 
Ftc. 2. The blind and wrist, mid-po$jrion* viewed from the side 
Frc, 3. The hand and wrist in full extension, viewed from the aide 
XIL Fic. t* The hand in full adduction 

Flc. 1. The same liand in full abduction * , , , , 

XIU. Fio. I. An adult pelvis 

Fic. 2. The pehis of a boy, aged 6 years . . * , 

XrV. The knee region of an adult. Lateral view , . , * 

XV^ Fig. An adult knee. Anterp-posterior view * * . . 

Fig. 2. The knee of a child, aged yj ycar^. Antero-postcrinr view 
XVT* Fig. i. The knee of a boy, aged 16 yeai^. Lateral view . 

Fic. i. The medial menisitus, rendered visible by injection of 
air into the tnce-joint . . * * * , 

XVII. FtG. j. The ankle of a child, ^ed xo yi^ira. Lateral view^ . 

E"lC. 2. An adult foot taken with the heel raised from the ground 

Lateral view. 

XVni. Fic. i. The ankle region of a child* aged to years* Lateral view 
Fic* 3 . The ankle of an adult subject. Lateral view . 

XIX. Chc$t* postcro^anterior view. Adult female . . . * 

XX. The tssophagua during the passage of a barium meal , 

XXa. .Angiocardiogram showing ihe left side of the heart in a child of 

11 years, Antero^posterior view * * * , ^ 

XXb. Angiocardiogram showing the right side of the heart in a child of 

12 years. .Antertf-postcrior view , . . . * 

XXI. Lateral radiof^raph of a livirtg head after injection of air into the 

lateral ventricles *,-.,.** 
XXII, Anlcro-posterior radiograph of the head shown in Plate XXI 
XXUL Fig* I, The parotid duct and iu tributories . . * . 

Fig. s. The submandibular duct and its tributaries * 

XXIV- Fig. i. The jaws of an infant, aged 9 months .... 

Pin. Zr The fecih of a boyi aged 5 years * . . , . 

XXV- Fig. 1. The tenh of a girl, aged [3 years . ^ , 

FtG. a. The teeth of an adult mole skull . . , . , 

XXVL Fig, t, A normal stomach,^ afLcr a barium meal. * , , 

Pro. 2, An atonic stomach, after a barium meal «... 
XXVI I, The BmaJJ intestine, after a barium meal . * * , * 

XXV 111 . The large intestine, after a bHrium enema * - . . * 

XXTX. Part of the large intestine^ after a bsriuui meal * - . . 

XXX. The gall-bladder ttnd the bile duct 

XXX L The lumbar vertebrne^ after mriavcnOi^ injection of uroselectan II* 
AnrerD-^&terii:?? view . . « ^ ^ . 

XXX Ur The genital tract in the female, after an injection of ^arium 
sulphate in^ the urema **.*-*, 


4 


r4lQ}»Q PAttl 

232 



3^9 

24^ 

320 

321 

352 

353 
IS 3 

360 

3 ^ 

361 

361 

37 ^ 

37 ^ 

37 ^ 

377 

377 

393 

391 

J 33 * 

40& 

40& 

409 


409 

43 ^ 

43a 

433 

433 

704 

70s 

736 

* 

737 




lOjb 

1057 

135Z 

ijSS 

1353 

*353 


1368 

1368 

13*9 

J 3 <^ 

1384 

1385 


1400 

1401 


1481 




HUiMAN ANATOMY 


INTRODUCTION 

_ 1 

•^HE term human aiuitoniy comprise# a consideration of the various structure# 
which make up the human body. In a restricted sense it deals merely with 
the parts which form Che fully developed individual, and ran be demonstni'ted to 
^e naked eye by vanou# method# of dissection. Regarded from that standpoint, 
human anatomy may be studied by two methods : (j) the various structures may 
he considered a# individual cntilies~ryr/«wnijV anatomy ; or (aj the oreans and 
tissues may be studied as they He in relationship with one another in the different 
regiore of the body—topogrufihical or regional anatw^. The practical value of the 
knowledgeacquired through dissection of the cadaver by either line of study can be 
graatl) enhanced by frequent reference to the living body and the identifiratioa of 
ose stractures which are susceptible of examination through the skin. This 
aspect of the sulycct is tenned fur/aee anatomy. Additional information on die 
structure of the iivmg body can be obtained with the aid of radiographv and on 
acTOunt of the steady improvement of radiographical technique, the'scopii of 
raAolosieal anatomy ts constantly increasing. Both surface examination and 
sadiogiaphy of the living body are of general appUcation. both in health and 
disease, and arc in daily i^e in medical practice. In addition certain individual 
organs be inspected with the aid of instrument specially devised for the pur¬ 
pose, and the text contains many references to these metlwds of examination 
It 1$, however, essential to supplement the facts ascertained by naked-eye 
dissection by those observed by means of the mictoscopc. In this way nvo helds 
of mvcsbgalion are opened, viz. tlie study of the minute stmctuic of the various 
ttimponcnt paru of the body—; and the study of the human organism 
m Its immature condition, from the fertilisation of the ovum to tlic birth of the child 
j^bry ofogy. The importance of the various tissues and organs depends on the 
ftmeuons which they subserve and a very intimate rebtionship always exists between 
slrupiurc and function. 

The changes through which any organism passes from the fertilisation of the 
ovum unuJ the futly adult fonn is reached constitute its ontogenelie histon' or 
ontogeny. Phytogeny, OR the other hand, comprises the evolutionary' histor'y of 
the group to which the organism belongs. Owing to the difficulty of interpreting 
many of the features of human development, recourse must be had to observalions 
on the development of lower but allied {oims-comparathe embr}otogy. 

In Its broader conception anatomy deals with the factors which have inHucnrad 
Md deteimined the form, structure and functions of the constituent parts of the 
bi^y and this aspect of the subject is termed morjihobgy. In this branch much 
valuable information is obtained from the study of the anatomy of other animals 
Of £(?mpiiraf$ve antjfomy. ' 

The direct application of the facts of human anatomy to medidne and surecry 
constitutes the subject of applied anatomy. ^ ^ 

sienl^rthlbvertebrates'there are abundant 
gns of their evolution from a segmented mvcrtebraie type. In their simplest 

forms the segments are identical with one another, save for their topographi^! 
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poairioti, and the individual structures contained in each segment are repeated in 
the other segments. The segnienta are Mid to be teriaiiy htmsohgoat with one 
another, and identical individual stiucturea, repeated from segment to segiAentj 
provide further eKamplea of smal homalogy. 

When two atnjcturcs occuning jn diflerent animals have simLlar ontngepetic 
histories, even though they may show individual differences in other ways, they are 
said to be homologous with each other. Thus, the wing of a bird, the fore-limb of s 
horse and the upper limb of a man are homologous structures, for, although tJi^ 
differ widely tn their structure and functions, they all develop from idmtit^ cell- 
groups in the embryo. Structures which fulfil the same functions m different 
animala art not neoessaKly homologous with one another. The gilla, which consti¬ 
tute the respiratory apparatus of the fish, arc not homologous with the lungs, which 
carry out a precisely similar function in man, because they have different onto¬ 
genetic histories. Such organs are said to be analogous, 

Sv^rEMATic AWATOsn‘.-The various tissues of which the body is composed 
are built up in different comhinationB and in varying proportions bito organs and 
structuns, which can be arranged in a number of groups or according to 

the fimctioiis which they perfDrtn. 

1. —the boQy syat™ or akekton, 

2, articuktory system 

5* —tht miwculir system. 

Ii may be noted that ihe hony, articulatory and muscular sy'stems, grouped 

together, constitute the l&c&moisr apfwatui. i « t 

4, The Blood Voicvlm' compnsing the heart, blood vessels, lymph 

yesaek and lymph tiodoss , , , t 

5* Neur^^^tht nervous ayateiHs It La cooveoient to include the org^s of 

the senses in this system. 

6. visceral system. The heart, a ^omcic viscus, ta 

included in the blood vascokr systcnip and the remain ing viscera are grouped 
into : (u) the r^^irotoryr ; {*) the digestive and {c) the arog^mtui 

system, 

DESCRt^nvE TERM3.-for descr{f>tive purpesa the boJy is aheoyt assumetl to be 
oj the erect posture, with the antis hanging by the side, and the head, the eyes and the 
palms of the hands directed forwards. The position is an unnatural one, for it 
entails Uteral rotation of the humeri at the shoulder joints. The median plane is a 
vertical plane which passes through the centre of the trunk and dmd« the body 
into superficially symmetrical right and left halves. This plane cuts anterior 
surface of the body along the anrerwr median line, and the posterior surface, along 
the postern,r median line. The median plane will pass approaimately through the 
sagittal suture of the altuU, and hence any plane parallel to it is termed a sagitlaf 
plane. Vertical planes at right angles to the median plane pass through or pamliel 
to the central part of the coronal suture of the skull; such planes are termed 
coranalplanet. Planes drawit at right angles to both sagittal and coronal planes are 
termed hori^ortiitl planes^ 

The terms anterior or ventral and posterior or dorsal are employed to describe 
the front or hack of the body or limbs, and the relations of structures wtihLo the 
bodT to one another^ ‘TTie terms superior and mferior are used to indicate the rela¬ 
tive' leveb of different structures, but in the study of em^logy it is more 
^ convenient to use tlje teitns cranial and caudal to denote relationships to the head 
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and tali cnde of the embryo. The terms pr&simai aod data! are frec^umtly used jfi 
the description of the limbs in place of the terms n^pmor and mfenor. To denote 
relative dbtances from the median plane^ the terms m^dml (nearer toj and hieraf 
(further from) arc employed. 

The terms supFrficiai and deep are oonhned itHctJy to descriptions of the 
relative depth of the various structures from the surrsoe j external and interml arc 
reseni^edp almost entirely^ for describing the wails of cavides or of hollow viscera. 
For example, a rib possesses an external surfacCp which is directed away from 
the thoracic cavity, and an internal surface* which is directed towards the 
thoracic cavity- * 

Special terms art restricted for use to certain regions of the body. For examplcp 
palmar is frequently used tn^ead of awfcrior in the palm of the hand* and plantar is 
employed in descriptions of the sole of the foot and peroneal in descriptions of the 
lateral or hbnlar aspect of the leg. 
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HISTOLOGY 


THE ANIMAL CELL (fig, ■) 


A ll (he tissues and organs of the body originate from the gemi-cell [(K'uw) of 
Lthc female after it has been fertilised by the germ-ccTl (jperfltafoaaJff) of the 
male. ITic fertilised oii'tm divides and subdivides into an enormous number of 
eel Is which become vsriously mndified in sise, shape and other chamcteristlca accord¬ 
ing to their positions and functions. All, however, consist of a viscid, unstable, 
semifluid substance named pTi}H>p!asm. 'J'his is a highly complex material of colloitliiJ 
nature, consisting of water, wdiich forms from 70 per cent to 80 per cent of its total 
weight, proteins, carbohydrates, fats and inorganic and organic salts. It contains 
a variety of cnxwie systems which catalyse the activities of the cell and its precise 
chemte^ composition is in a constant state of flux. When a living cell, healthy and 

FiC. 1.—A diQRriim of a cffll. <Afti;r fixation.) 
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Linsp^kliscd^ h exaxninotl under the high poivers of the cunventional microscope 
the protoplttsm of the cell body (cyt<fpfnm) consists of m apparefiily homogeneous 
substance in which are embedded various granules und vacuoles i^nd a more highly 
rcfructilc usually globular mass, the nudtus- A cell is thcrefon; frequently defined 
us mass of protoplitsm containing a nuclciis '* but this definition is not altogether 
satisfactoryt because some cells fc,g., red blood cells of mammals) arc non-nucleated, 
and mav c^rry on iheir binotions for a limited time, while others (e.g., sotne cells 
in red hone marrow') mav be rouLtlnucleaied. 

The cytoplasm vanes in its appearance when fixed with chemical reagents 
according to the method of preparation, physiological state of the cell and other 
factors. Under some drcurnsianccs it may be homo^ncous, fibrillar, granular, 
foamy or alveolar in nature. These appearances have in the past led to two main 
views ornceming the stnicture of cytoplasm : {a) that it consists of a cylt^reticulum, 
the meshes of which are filled with a clear, more flnid materiah the hyahfilatm, and 
(/i) that it has an alveolar foam-lLkc structure with a more viMrid intcTalveolar sub¬ 
stance (fig. IThese vitws,^ based on fixed material hav'c not been confirmed by the 
examination of normal living cells. * 

Whilst many of*the appearances in fixed preparations are artifacts, similar cell; 
under cornparablc conditions reproduce their own characterktic ■" fixation image " 
which is indicative of sc>me pre-existing org;misation in the cytopIasm+ 
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M(iai cells arc surrounded by a thin wall, the <cii membrane or plasma-membrane, 
differentiated from the outer part of the cytoplasm or cctoolasm of the cell. This 
membrane is resilient and clastic and measures from loo A to 2» A in thickness * 
(fig. z). It maintains the individuality of the ceil and plays an important rolcdo the 
exchanees which occur between the cell atid its environmeot* Some authorities 
uttrihutc a sietc-lilie structure to the piasma-mcmbranc, W'hilst others hclietie it to 
consist of a semipeimeable lipoid layer with a layer of protein molecules absorbed on 
each of its surfaces. \Mth the elcctrnit mjerosTOpe ilie plasma-membrane is fre¬ 
quently seen to consist of two parallel lamellae separdted hy a clear space (fig. 2). 
Some cell membiunes, hou-cver, arc known not to be primarily lipoid in nature.! 

I n addition to the nucleus the cytoplasm conui ns sevc^ differentiated inclusions 
which Afc re.gard'C’d ^ the urgAutlhs of the cclE+ T'hcsc include the ccntrusonfiej. 
milochorsdria and GoJgi apparatus, ^ 

The eeatrosome is prescsii in mnii ct\h. It IR-a ntar the nucleus and has the 
appearance of a sniall spherical mass of clear protoplasm. One or two nfiinuic 
paiticlcs, named cenirioles, arc foimd wLlhEn U and play an important part in ceU 
division. They arc also nrlslcd to the formation and anchoraRe of tiic ciha and 
flaRcllae which art present on some cells- Cemriolcs are s;ud to he absent from cells 
which are incapable of further division. 

"Hic mitochondria occur in all cells and can be distinguished in both hving and 
fixed preparations, "I'hcv consist of minute gnanules. rods or filaments and arc 
soluble in ether and dilute osmiq acid. In suitably fised preparations they ^n be 
stained by iron ha^matoxyUn and other dyea and art darkened by osmio acid. In 
living cells they art rtadily stained by Janus Green B. KJectron microscopy shows 
the individual mitochondria to be bounded by a membrane which is frequently 
double, and to possess an imemal s>'5icm of more or less regularly spaced ndgts or 
double lamellae, the crislac mito€hondHtihi (fig- 2). Betw ecn the lamellad la a homo¬ 
geneous substatsce, slightly denser than the c>^oplasni, the mkiKhotidrtal mMnXrt 
Mitochondria can be separated fiuni the remainder of the cytoplasm by dilTercmial 
ix:nmfugaiiDn,| They consist largely of lipo^protcm and carry importani enssythca 
oDneerned w ith cell rt^fpirption. 'Fhey arc regarded as important centres df oxida- 
lion activity in the cell and arc believed by some authorities to have a role in the 
regulation of osmotic changes within the cell. 

The Golgi apparatus '| appem, under the ordinary^ microscope, as a network 
or a group of granules or rods in the neighbourhood of the nucleus or of the ceniro- 
some Its nature and identitv have been subject to much contravemj' but differential 
centrifugation and phase-contrast microscopy support the view' that it oc^rs as a 
definite enUty within the cell- Some of Its compouents •: stain readily wuh silver salts 
and osmic acid- With the ckclron microscope the Golgi apparatus iS re veaJed ns a 
aeries of lamellae arranged in the form of a horseshoe and associated with a collcctioit 
of granules and vacuoles (fig. 2)^ The apparatus Is believed to be intimately 
associated w ith the secretory activities of the cell. 

Electron microscopy has also revealed other submit roscopic struciurcs*n the 
cytoplasm, Amonji^at these are gnmules, vacuoles and numerous paired pii^llel 
litielliic {fig* 2). The latter arc believed by some to be identical w ith the basiphdic 
component in the cytoplasm and to consist of nucleoprotein, ihc prosthetic group of 
which is ribonucleic add ** ft whilst others identify them with the aubmicroscopic 
partldrt obtained by differential centrifugation of cell homogenates and termed 

*^^^Grtnulcs of fat, pigment, glycogen and other mdusions may also be embedded 
the cell cytoplasm and are coliectively spoken of ; v^cuol® may also 


m 


^ nucleus is generallv spherical or globular anti situated eccentrically withtu 
the cell- It b enclosed in'a tough and slightly clastic nuclear membrane about 

t and ft *« G. R. Ctimroa, Paibotosy ^ the Ceil Pmt I, 

EdinburRii, 1051. ^ „ * 

* G, E. i'ftladi, Atun. Pec., 114. 1452. 

5 B K. Hetiiilcy inil M-1-Hoetf.H«., 60, 15^4. _ ,,, „ 

I For dctsili, The Sumponum on the GdIhi lippantiu , 3 -Roy. Mlcr.Sot., 74, 1954. 

♦ C. Richatdwn, i6i 1934. , 

*» T C«twTM>ti in 4 1 . Schultz, Nature, *43. (939. 

ff J. RFBcrhet. Compt.Peml.Soe. Biol-. tPana). 133, 1940- 
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400 A rhick and often apfKnring daiihLc svitii the electron micrtiscope 
W ithin the nueleiid h the ghromatin, w hk'h has a strong sihrn'ty for haaic Jyes and is 
arranged in the h>mi of u nctivork or in cIi^oontiEmOiiis massoa in fixed and stained 


I^ic. 2 .—Ejecimn microniafph of secEiont e/ cetU fmni pfsHchondrium. >: 

Lcnl by Mill! fr. JmirkBOn nnd rrpn>il«CfrU bv penriiAdnn of tbe ko\ iii Society. 


ir ~ nuclei :r rfiv =et'iJ ttiEfiibrjnr j Ic}'tapJjuiiliie Jamelliie : nr ^micochionilnia ; 
ga Oalgi sippanitUs. 

preparations. The chromatin consists mainly of nucleoproicm^ the nucleic acid 
component of which ia dMJtydbotiuclcic acid. This can be detnonst rated ht?to- 
chemically by thcFculgcn reaction %ind iviih methyl greenp w hich is believed to be a 
specific stain' for this nuclcfc acid. During cclJ division the chromatin ii arranged 
along discrete filamcnious bodies, known as the Though the chrofno' 

somes retain their identity during the interphasep it is not possible to demonstrate 
them at this stage of the life cycle of the cclL TIjc reasons for this are not under- 
stood. The dear medium in which the chromatin is embedded is the k^ryiipiittm 
or nuclfor lup. In the fcroalc, however, most of the cells in the interphose or 
resting stage (p. 4) can be distinguished by the presence in the nucleus of a 
planoconi'ex mass of chromatin termed the irx citromutm* This is about t/i in 
diameter and is generallyt but not invariably, pbced close to the inner surface of 
the nuclear fiicmhrane and is believed to consist of the still visible portion of the 
chromatin (hete rochromatin) of t he female sex chromosomes. A simi la r mass is alsi> 
believed to be present in the nucleus of the cells of the male, but It is too small 10 
demonstrate by ordinar)^ light microscopy,^ W ithin the nucleus and believed to be 
associated with S|>ccific chromosomes arc one nr more highly refractile bevdies, 
tiueffoii, which stain readily with acid dyes. They arc believed to consist of phos- 
phoprtitein together with a small amount of rihcmuclek acid. 

KeprcriJuctinn of cells is effected cither by direct or by indirect division. 

Tn direct dhistoa {amiions) tiie nudeus becomea constricted in the middle^ 
assuming ^ hour-^Lm shape, and then divides into tw^o. This is followed by a 
cleavage or division of the whole protoplasmic mass of the cell; and thus twti 
dsughter cells are formed^ each containing a nucleus. ITie daughter cells arc at 
first smaller titan the original mother cell i bnt they gmvv^ and the process may be 

* M L, Burr jirih K, t*. Ikruwi, Naiurc, ifijp 1^4 ^? SL L. Ditt and E. G. Bertram, 
J. Sj. IEJ 51 ; and It. B. Lieduy jumI M. L. Barr, ihld. 1955 . 
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repeated In them^ so that mukipKcadon may take place rapidly. Direct division, is 
said to occur in Icrucoc^ics and bone-cellsH and in the epilhelial cells lining the 
urinan,' bladder. 

Indirect division or kary^^nesii [mkoris) is the common method of division in the 
higher animals, and the process b characterised by a series of comple.x changes in the 
nucleus, leading to its subdivbion; this b lolb^ved by deava^ of th^ctlh 
protoplasm. The whole process extends over a period of from thir^ minutes to 
two or three hours. Starting with the nucleus in the quiescent or reiting condition, 
these changes may be groups briefly under the four following stages (fig. 3): 

1. Prvpime .—^Thc nucleolus disappears and the chromosomes become 
appareni. Each chromosome consists of two chromatids or daughter chromo¬ 
somes lying side by side. The number of chromosomes Varies w^idely in difleremt 
animab hut is constant for all the sf^imatic cells in nnimalid of any given S]>ecies. In 
man the number is forty-eighty of which half are maternal in ongin, and half 
paternal.* Coincident with, or preceding^ the definition of the chromosomes, the 
centrosome divides and the tw^o resulting centrosomes move away from each other— 
one tow ards either extremity of the nueJeus^ As they separate, they arc seen to be 
connected by a spindle of ddicale achromatic fibrils^ termed the ochwomaSk spinik^ 
w hich elongates proportionaiciy to the sepamtbn of the centrosomes. At the end 
of the prophase (sometimes tcmicd the pr^mttapkase) the nuclear membrane 
disappears and the spindle sinks inwards so that its axb lies on a line Joining the 
two centmsomes. The kafyoplasm Cfutlribules addUional peripheral fibres to the 
spindle. An imaginary line enclosing the spindle midway ^'tween Its cxtictniiieSp 
or poies, IS named the equator, 

3. A/e/iapA-aje.’—The chrocnosomeSp which have become shorter and irregularly 
V-shaped^ arrange themselves around the equator, each with the apex of the V 

Fjc. 3.—a dlap^num showing the which «>ccur in the centrosotne 

and nucIcUd of n cell in the prDCe&'s □£ Itlltotic divi^ian. 



1 and II, Pnjptasc \ ItL Metiphnfc : IV and V, AnapTxasc r VI, Tclophsse. 

• Recent tnVtttilEalions ({. H. Tiio ^ud A. I^vao, llereditaS, 4 a, ; C. E- Ford and 

T* L. HflHicrton, A ^05^) staj^geiit ihai ihe correct number, including ihc s- and 

ylchTtiiificsoFiw* (p. » only rnrt>'.!iiE. 
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poinimg ID the centre of the spindle sind linked with mi- of its |)crJpheral fihrib* 
(fig- js). When viewed from cither pole of the spindle (he chromosomes form n 
siiir-shaptd figure around its equator ; this phase is therefore termed the 
or mf^r phase. I'he pkne of the cliftmiosomcs 
ifl the rqmtiirittl plate. The spindle sttachmeni 
of th<fchromosome is often termed the 
mrrr ; its position is constant for any single 
ehromosTune. 

3, Amphase .—The centromeres split into 
tw^o halves which repel each other and the two 
constituent chromatids ^f each chtomosome 
separate and travel in opposite directions along 
the fibrils of the achromatic spindle to group 
themselves around the cefitrosomes. Each 
group contains the same number of chromatids 
as there were chromosome in the equatorial 
platCn and of these half are maternal in origin 
and derived originally from the ovum, and 
half patemai and derived originally from the 
spcmi^ 

4. 7 elophasf^ — ^I'he chromatids lose their 
fixability and can no longer be identified as 
discrete elements. The nuclear mcmb nine and 
the nucleolus reappear and the cytoplasm 
undergoes constriction around the equator of 
the achromatic spindle. The constriction 
deepens and the original cell is gradually 
divided. 

HomotypicaL and heterotypicaL division^ 

—In all somatic cells the process of indirect 
cell-division conforms to the type described 
abovcp and k called homatypsea!. On its 
eomplction the nucleus of each daughter cell 
has as many chromosomes as were present in 
tilt nucleus of the mother cell. Since the 
chromosomes arc the bearers of the gene® (p. 65) 
and since each c hromosome in one daughter cell 
is genetically identical with one of the chromE)- 
somes in the other d^sughter cdL mitosis 
is an equating dirhiottf as regards both the 
number of the chromosomes and the dis¬ 
tribution of the gencs^ 

Meiosis, or heierotypical division, occurs only 
in the se.x ceils during masurtitim (pp. 59 and 
62), and comprises nvo consecutive divisions- 
The prophase of the first meiotic diviision Ls 
marked by four stages. In the first {leptafe^ie) 
the chromosomes^ which are not yet split into 
ihcir constituent chroniatlds^ luecomc promi¬ 
nent and stain deeply with basic dyes- They 
const!lute homologous pairs, one member of 
each pair being paternal and the other matcnial 
in origin. In the second aiage (^^gotme) 
genetically homologcuis chrom[)S4Ttncs arc :ii- 
tracted to each other and lie side by stde^ each 
retaining its own spindk-attachmeni or centromere. This process of coupling is 
termed the Tonjugufum of the chromosomei and it is an essential preliminary to the 
ensuing division (fig. 4). 

In the third stage (pachytene] the hnmologotiB chmtnosoAes become coiled 
round each other 4nd shortened. Each chromosome splits into two chromatick. 

* For a Bmtini tft in Cytafof^y^ by C.'P- DufhnRton, London. 

1337 and, Antntnl Cytotugr^ and Eiolttiiun, by M. J. D. White, znd edition, tendon, 1954. 
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III the fourth stage {diftltfUtic) the homologoua chromosornes movt apart extept 
at certam points termed the Musmafa. At those two chfon^tid&f one from each 
chroitLDsomc, break and then join diagonally; an exchange of segments thus occurs 
beuvecn ihenin In this manner an exchange of material is effected beivieclfi the 
homologons chromosomeSp one of which is maternal and the other paienjal in origin. 
This phenomenon is called a troisat^er [fig. 4j/). Finally the chr^>naJSomcs uncoil and 
slip apart, I’he shortening of the chromosomes noted in the pachytene stage 
has continued to this stage, which is often termed diakin^siSr 

'J'he changes which occur in the meiaphase and anaphase resemble those 
already described for mitosis, with the all-important exception that during the 
anaphase the e^fdtomrrei do naf divide and the homologoui; chromosomes drag their 
pairs of chromatids to opposite poles of the spindle^ Euch of the two cells arising in 
the telophase therefore posicsscs one half of the number of chromosomes that is 
standard for the somatic cells, i.e. the haptoid instead of the diploid numbern In 
addition, owing lo the cross-over^ dierc has been a redistribution of the genetic 
material. 

A second meiotic division follow's closely after the first, with practicHlIy no 
resting stage. The prophase is short or may be omitted. In the metaphasc the 
centromeres arc attached round the equator of the spindle, while the chromatids, 
which are held together only by the centromere, float out into the cjioplasm. In 
the anaphase the centromere splits and the two halves repel each other, homologous 
chromatidK passing to opposite poles of the spindle. In this way^ in the tekjpluisc; 
four cells arc derived from the two cells of the first meiotic divtsion. 

Each lias the haploid number of chromosomes and each has its own particular share 
of the genetic material (fig. 4,^). 

It will now be seen that two features distinguish a meiotic from a mitotic division. 
The latter is an equating division as regards both the number of the chromosomes 
and the distribution of the genetic material. On the other hand, the first meiotic 
division r^ults in a reduction in the number of chromosomes by one half and in a 
segregation of the genetic material. The second meiotic division is an equaling 
division with regard lo the number of the chromosomes (i.e. it b a homotypical divi¬ 
sion) but not w^iih regard to the genetic material, which undergoes fuj ther segregation, 

THE GENEIL-VL STRUCTURE OF THE BODY 

The cell is the unit of structure of the bcKly, and the body consists of innumerable 
cells and the products of their activities, which include the formation of certain 
fluids, notably the blood. 

As development proceeds, groups of cells bcconie difierentiated from one 
another and are buiEt up in different patterns to form the imufs of the body, in 
which the constituent cells are immobilised. Some of the cells of the body remain 
free, and many of them circulate in the body fluids, particularly In the blood. 
Others are capable of mdependent movement and are able to migrate actively'from 
one siniation in the body to another, although they can only do so when the density 
of the tissue permits their passage or when fluid-occupied spaces iit the tissue can 
be utilised. 

The tissues, the body fluids and the ' free * cells W'ill be dealt with in the 
immediately following sections, 

THE TISSUES OF THE BODY 

There are five widely distributed basic tissues which are built up, in varying 
proportions, to form the organs w'ithin the body^ the body-wall by which they arc 
enclosed and the appendages of the body. They are :“[i)'epithelium, (2) connec¬ 
tive tissue, (i) sclerous (or skeletal) tissuei (4) muscular tissue, and (5) nen ous tissue. 
Each of these possesses certain distinguishing features and, with the exception of 
ncn.-ous tissue, each Is subdivided Into n number of varieties, which retain the 
essential characters of the parent tissue but exhibit specialisation of one or more of 
its constituent elenfents^ The connective and the sekrous (or skeletal) tissues have 
many morphological features in common and arc often grouperl together, but they 
differ very noticeably in their physical properties, for the connective tissues are soft 
and pliant, wEilc the sclerous tissues are hard and rigtd^ 


EPITHELIUM 


7 


EPITIJELIUM 

Tht siirfdi:ed of the body^—the cxiemdl surface of the skifij the Internal Sur¬ 
faces of the digcstivcp respiratory^ and uio^cnitaJ sy-stenfiSp the closed serous cavities^ 
the inher coats of the vesseisp the acini and ducts of all secreting and excreting 
glandSp the ventricles of the brain and the central canal of the spinal medulla—are 
covered with one or more layers of ccllSt called epithelium or epftheiiai iefls. I'hcsc 
ceilft serve various purposes. ''J'huSi in the skin^ the mairi purpose secred by the 
epithelium (here called the epidermis) Is that of protection ; as the keratin teed cells 
on the surface arc worn by the agency of friction new cells are formed In ihc 
deeper layers, and thus the true skin and the vessels and ncn^cs which it corrtains are 
defended from daniagc. The epithelial cells of the salivary glands, the pancreas, 
the gastric glands, and the glands of the small intestine secrete the digestive juices ; 
those covering the intestinal villi are eoncemed with the absorption of the products 
of digestion ■ those lining the serous cavities provide a smooth, moist surface. 

The coniiiliient cr/ir 0/ an epitheUum are 
always eloseiy packed iogeihit and the inter- 
£eliuiar substance is reduced to a minimum. 
The cells arc arranged in one or more layers, 
usually supported on a basement-membrane 
(p. tS), and united together by cement-sub¬ 
stance, which is similar in chemical compo^ 
sition to the matriK or ground-substance of 
the connective tissues, and has the property 
of reducing nitrate of &il ver. With few excep¬ 
tions blood vessels are absent frnm epithelia, 
which usually depend for their nutrition on 
the blood vessels in the underlying coimretivc tissue. The epithelial cells together 
with their supporting basement mefnbrdne and connective tissue constitute a 
furtctional unit or membrane. In some places, such as the digtsdve, respiratory and 
urogenital systems, the intemai surfaces are moistened by a film of mucus and the 
membrane is knowm as a murous membrane* In other situations, as in the closed 
cavities of the body, the surfaces are moistened by a film of thin watery fluid and the 
lining membranes are temicrd jcrowj membranes, Epithelia naturally fall into tw'o 
groups. In the one there is a single layer of cells {simple epithelium) ; in the other 
there are several layers {stratified epithelium and transithnai epitheiium). 

Simple epitheHum.—The different varieties of simple epithelium are pave¬ 
ment^ columnar, and ciliated^ 

Pavement epitheliuni (fig. 5) 33 com¬ 
posed of flattened cells of different shapes, 
usually polygonal, and vary^ing in size. 

These* ceLb fit together by their edges, 
like the tiles of a mosaic pavement. The 
nucleus is generally flattened, but may 
be spheroidal. This kind of epithelium 
fonns the I i ning of the al vcoli of the lungs, 
covers the serous membranes^ and lines 
the heart, blood-vessels and lymphatics. 

In the pulmonary alveoli the lining epi¬ 
thelium is cntodermal in origin, but in 
the other instances cited it is derived 
from the mesoderm, it is usually termed 
endothelium where it lines the blood- 
vascular system, and mesothelinm where 
it lines the serous cavities of the body. 

Mesothclia •re said to be regenerated 
from connective tissue, whereas eph 
thcliiil cells are renewed, after destruction, from neighbouring epithelial cells only. 
Columnar or c^dindrical epithelium (fig, 6) cDnsists of cylindrical or rod- 
shaped cells set together so as to form a complete layer, resembling, when viewed 
in profile, a palisade. The cells have a prismatic figure, owing to mutual pres- 


Fio. fi,—Columniir cpUheliiil ct[b, fram 
*mstl tin«tine of cal, fttnuicd i^-irh hzmq.* 
toxylin mJ 34900 . 


Itf/niriim 

mik 

ittiatitint 



Fic. 5.—Simple, pavcmmlv epithelium. 
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aurc^ and are set upright on thr surface which supports thcni+ The ceJl- 
protopla^m is more or less reticulated; the nucleus La Qii^aJ in shape and 

contains an intranuclear network; the ccntnolc is double and lies near the surface 
of the cclL In the columnar epithelium of the intesiinal villi the free border 
of each cell shows a refractive cap, which ejihibits well - deHned vertical 
striations. Columnar epitlielium lines nearly the whole gastro-iniesilnalf tract 

and its glands, the greater part ot the male 
ureilu-a, the vaa deferetis, ilie tubules and 
ducts of the prostate, the burbo-uiethial 
glands and the vestibular glands. In a 
modifled form it ^ also covets the ov-ary. 
Short columnar cells in which the height 
and width are about equal, ss in the lining 
cf ti^c ducts^ are frequently termed cabouial 
Gobkt-ot (fig. 7) are modified 

columnar cells. Ruch appears to be formed 
by an alteration in shape of a cotumnar cell 
(ciliated or otherwise) consequent on the 
formation in the interior of the cell of granules 
which consist of a substance called munnogen. 
This distends the upper part of the cell, and 
presses the nucleus down tov^'ards its deep 
part, until the cell bums and the mucus is 
discharged on to the surface of the mucous 
membrane (fig. 7)* the cell then assuming the 
shape of an open cup or chalice- IVIucintigen 
and mu cus are atai ned nietachromat ically wi th 
loluidine blue and thionin and give a pt^sitivc 
reaction with the periodic acid-SchifF technique. A double centriole is found in the 
mucin-containing part of the goblct-ccll. Cells of this kind are especially numerous 
in the mucous membrane of the stomach, and in the glands of the large Intestine; 


FlC+ —Isolated Cells from n mbbit's livet 
(di&scMrjjitcd), > 
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they also occur in the epithelial covering of the vlllt of the small intestine and in 
that lining the rcspiratoiy tract. 

The epithelium of glands is usually columnar, but In some the cells are cubical 
In shape, in others they are polyhedral* The protoplasm shows a fine reticulum, 

which gives to the cells a granular appear- 
Fio. fl-—Cilitttd cpiUicliutn from the ancc (fig. Besides these protoplasmic 

* granules \ glan dwells usually contain true 
granules which arc the products of their owm 
activity. These are in many cases zj-mogenic 
in nature, that is, they are, or contain, the 
precursors of cr^zymes or ferments. 

Ciiiated epithelium (fig^ 9) is generally 
columnar in shape. It Is distinguished by 
the presence of minute processes, resembling 
eyelashes (cilia), startding up frqm the free 
surface. Ciliated epithelium linta the rcspiratoiy^ tract from the nose downwards 
as far as the respirafory bronchioles (except in the lower part of the phaiy^nx and on 
the surfacca of the vocal folds) ; the tympanic cavity and auditory' tube ; the uierinu 
tube and isolated areas of the ca.vity of the uterus in the infant; tfjc efferent ductules 
of the testis, the lobules of the epididjtnis and the first part of the dnctgs deferens in 
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the infant^ the ventricles of the brafn and theccmral canal of the spinal medulia where 
it is termed epmdyma. In some ciliated epithelia the cclb do not all ciicEeTid to the 
^n^ace and their nuclei are then placed ui dilTcrcnt Icvclsi^ thus simulating stratified 
cpitEi<^itim. This type is termed p^fudo^itraiifitd ^ihalfd 

Stratified epithelium (figs, lO and ii] 
consist of several layers of cells. "J^hc ccIIb 
%' ary^ greatly in shape; those of the deepest 
layer are for the most part ooluinnar and arc 
placed vertically on the hasemcni-membrartc ; 
superficial to these the succeeding la)'era 
constat of polyhedral qglb^ which become 
more and more compressed as they approach 
the surface; the most superficial cells are 
found to consist of Rattened seales (fig^ io}p 
which overlap one another so as to present 
an Imbricated appearance. The epithelium 
of the skin is peculiar (Rg. ii); it shows 
several distinct layers of cells arranged in two 
zoncs^ The deeper Konc (eo/ia grrminativa) 
consists of a single layer of columnar cells 
[itraUim and a more superficial 

layer of variable thickness composed of 

polyhedral cells {siraium In ordinary histohjgica! prepumtions the 

cells in this stratum appear fo be separated by intercellular channels across 
which pass cytoplasmic processes connecting adjoining cells and containing fine 
fibrils termed the iomfitrih. When a cell h i^laied it appears to be covered by a 
number of short spines representing the broken cytoplasmic processes, hence the 
term prickfi ceffj, for the cells of the stratum spinosum. Electron miemscope 
^ludtcs^ howievcr, huve not confirmed this interpretation * and the presence of 
tunofibrils cannot be demonstrated in the living cells^ 

The more superficial zone {e<jn« fnrwn) b arranged in three stmta of cells. The 
deepest layer (sfrsfum^runuhsvm) consists of fusiform celb containing an accumula- 



Fm. tl.—A seclian through ihe epiefermia of the skifi uf the sole of the ft»r. 
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tion of readily slaiiitibic granules of ftrtdin (Ranvier) in their €>i»plasm. 'Fhc ncjtt 
layer {itraium is a hyaline layer and is seldom raloured by histologiail 

stains. The cleidin granules have been converted into kfratidtyafm tn this layer. 

* D* C. Pea^e^ .-fiKjj., 89, 1751+ 
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Thu stotum ludilum h not alwa)^^ dcrf^cd and is usually sttn only [n thu thick 
atrutificd epithelium covering the palms of the hands and soles of the feel. In the 
third and most superficiaJ layer {tt/afurri conretim) the cells are largely converted into 

a homy material known as and Imve lost 

Fie. ii.-^Tr^idoPil cpithehum froiii their nuclei. Stratified sqiJWious epithelium 
iirinfl.Fy bladder. (Human.) Sioincd occurs in the skin+conjuncliva, OH the Anterior 
with hK-JOAtotvlin tnd cMin. surface of the cornea and in the mucous 

membrane of the month, lower part of the 
plmi^TiSp oesophagus, vagina and part of the 
cervix uteri. VS'hcre the surfaces arc moist 
the superficial stnitpro of cells, though tlatlencd 
and degeneratingp still retain their nuclei and 
cell outlines. 

Stratified columaar epitheliutti occurs 
in comparatively few situations and consists 
of superimposed fusiform cells+ It is found 
in parts of the male urethra. 

Transttiortal epithelium occurs in the 
ureters and urinary' bladder^ Here the cells 
of the most superficial layer are large and 
flattened, with depressions on their under 
surfaces to fit on to the rounded ends of the 
cells of the second layerp which are pesr-iahapcdp the apices touching the basement- 
membrane. Eetween the tapering points of the cells of the second layer is a third 
variety of cells of smaller size than those of the other t^vo layers (fig. 12). In the 
distended condition of the bladder the superhcial cells are more flattenedp and the 
pear-shaped cells are shorter and broader than they are 'kvhen the bladder is 
contracted. 

Pigmented epicbellal cells are found in various parts of the body. They form 
the uxicmal layer of the retina, and are present on the posterior surface of the iriSp 
in the olfactory region of the noscp in the membranoos labyrinth of the car, in the 
deeper layers of the cudclc^ and in the hairs. Pigment is abundantly present in the 
skin of the coloured races, but in the skin of while races it is well-marked only in 
the areola round the mamnnairy papilire and in iiregular coloured patches. The 

pigment granules are very small in size and they arc 
crowded together within the cells but they do not invade 
the nuclei. Freckles are due to the presence of granules 
of a yellow pigment in groups of cells in the cuticle. 

Surface modiiicat jons of epithelial cells. —Many 
epithelial cells show mod ideations of their free surfaces, 
I'he superficial cells of transitional epithelium are covered 
at their exposed surface by a densely staining OiftOilar 
border. In the columnar epithelium of the intest^nCp of 
the gall bladder and of some of the tubules of the kidney 
the free surface of the cells shows a regular fine Tperlical 
sEriation known as the rtrinied or brush b^Irder (fig. 6). 
'Fhis appearance is ^‘ariously interpreted as due to minute 
non-motile halr-like outgrowths of the cell or a series of 
finely packed ductules leading into the cytoplasm.* 
Striaicd borders are seen particularly in eplthelia believed 
to be specialised for absorption. Certain epithelial cells 
(p. S) ^e provided svith motile threadlllce dlitt, the 
rhythmic w'ave-Iike beating of which helps in the 
ehmination of secretion and foreign particles from their 
surfaces. At the base of each ciOum is a b^sul htob or 
granule believed to be 0 f cen triolar origm* From t he basal 
knob fine filaments of roots often extend deeply into the 
cytoplasm of the cell (fig. 13). Electron microscopy 
reveals that each dlium consists of a fiTamento tiS extension of the cytoplasm, enclos^ 
in a prolongation of the cell membrane and containing eleven ^filaments. Of these 
tw^o are cenirally placed and nine form a circle around them+ Basally they can be 
■ j. Bdcrr, Quart. J. 94, 1043. 
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traced la ihc basal knob whicb is an elongated body ciin ed in the plane of ciliary^ 
movement * (fig, 15)* 

Electron and phase conirast rnicroseopy reveals also that the free surfaces of 
many epithelial cells which have hitherto been considered to be plane and un- 
Specialised, arc provided with frcinds, streamers and mkrt^fifiL The latter are less 
reguLaa than and lack the complicated flbrilLur sirncture of cilia. Microvilli have 
been described on the epithelial cells of the ih>Tcoid gland, chorpid plcxu-ses^ tubules 
of the kidney p mesotheliil cells and elsewhere. Large non-motlLe processes oecur 
on the epithelial cells of the epididymis and the columnar cells lining the central 
canal of the spiital medulla. 'Lhese are termed Vifer^wcf/Mi. 

A cement substance unites epithelial cells to one another. The cells of the 
coltimnar epithelium of tne aJimentary^ tract however are believed by some to E>e 
separated by * intercellular spaces \ closed at the surface by a dense cement which 
forms the termmai outlining, in stained sections^ the superficial bt^rdets of the 
cells. 

THE CONNECTIVE TISSUES 

Connective tissues art derived from the mesenchyme, and include a number of 
tissues which have a passive function, that of binding together or supporting the 
functionally active structures^ They differ oDnsiderably from each other in ap¬ 
pearance, but present majiy points of relaiionship. 

In a connective tissue the parent celh are separated more or kss TLldely from one 
aftother fy a homogcurous matrix or ground suhsianee^ in tt'hich Jibres may or may not 
be present. The most gencmliscd form of connective tissue is termed areolar tissue 
and in it the constituent cells are sepamted by a semi-fluid matrix in which both 
W'hitc connective tissue and yellow elastic hbres are found (fig^ 14). As contrasted 
with this generalised fomrij specisdised forms occur in which {<i) the cells^ or (^) the 
matrix, show differentiating characters. In adipose ^irmr, the constituent cells arc 
modified to enable them to contain droplets of oU ; in udiitefibrous and ytilotn elastu 
tissue^ it is the fibres which predominate* 

Areolar tissue (Eg. 14) is so called because, when anificially distended with air 

Fic. 14.— Subcntwieouj nrvolxr tiaue from ■ mbbic. The inaat at the lower 
ri^hc hand comer repmonts another port of the Bomc ilklti under a hl^- 
jnower. Sfditivd w^ih anilifit blue. 



or fluid, it CTihibitB intercommunicating areola or spaces. It b e.^tensively distri¬ 
buted and its chief use is to bind parts together^ though allcoving, in v-iitue of its 
extensibility and elasticity-, a considerable amount of movement to take place. It 
occurs as subcutaneous tissue in animals which possess a hairy' coat, m the sub¬ 
mucous coat in the digestive tract, and aa subserous tissue* It is also found bet^veen 
“ D. W. Fawcett and K, IL Poflcr, J. ^forph., 84, 1954* 
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muscle, vessels, and nerves, forming investing sheaths for t}iem^ and connecting 
them with surrounding structures. It is present in the interior of organs^ binding 
together the lobes and lobules of the compKJund glandSp die varioiiB coats of the 
hollow viscera, and the fibres of muscles and nen es, * 

When areolar tissue h stretched it is seen To be made up of soft elastic threads, 
resembling spun silk, and interlacing in alJ directions. A thin layer^ csajTiinc?il under 
the microscope^ shows fibres and cells, imbedded in a ground-substance or matrix^ 
The matri?^ is a semifluid gelatinous substance containing a high pro^riion of 
miicosubstanct.>s rich In chondroitin sulphuric acids and hyaluronic acid, it is 
presmxd by the free?rimg-dr\ing method of preparation and stains mctachromatieally 
with toluidinc blue. 

I'he fibres form an irregular meshworli, and are of two kinds—white and yellow. 
I'he nr/wVf or €ulla§enfms fitres arc exceedingly line; they are colourless, homo¬ 
geneous and transparent, and arc arranged parallel with each other in bundles which 
have a wavy courac. The individual fibres do not branchy 
Fig. 15.—Kketrofi mien?- but small bundles of them may leave one large bundle to 
graph of ctilEaj^cn fibra another, ^I'hcy measure from to lOO/i in diamcicr 
and show a fine longitudinal striation under the conven- 
men ihadow-cd with lional light microscopc. Electron microscopy mveals that 
patludiuji'i-ifold alEoy^ the individual fibres consist of bandies of minute fibrils 

^ h of about Soo A lo 5,000 A • (fig, 15). Whether these 

' ^ ■ fibres arc to be regarded as derivatives of the ground sub- 

stance or of the cells of the tissue has given rise to much 
discussion. Recent work shows that they arise predomi¬ 
nantly extracellularly and that they owe their origin to 
the activity of the fibroblasts, Avhich probably contri¬ 
bute fibrogonic material to the surrounding matrix 

(fig, 16)4 

The yi‘llote or elasik jilrrfS are highly refractiie and 
therefore have wcll-dcfiucd outlines. Tiiey arc usually 
somewhat larger than the white fibres and are pale yellow^ 
in colour and homogeneous in appearance. They run a 
comparatively straight coucse^ branch and join up freely 
w ith each other. When they arc broken across, the ends 
tend to curl up. They difier from the white fibres In 
ihcir resistance to boiling and to dilute acids and alkalies 
and also In their staining reactions; they stain a dark 
red colour with orcein. 

The cells of areolar tissue are of five principal kinds; 
(l) Flattened iamtiisr cells qt JiBroblusis, which are thin 
and spindle-shaped when seen in profile, but are irregu¬ 
lar in outline with branching processes when seen on 
the fiat. They are composed of dear protoplasm, with 
few granules, and contain oval nuclei; their processes 
may unite with those of neighbouring cells, as in the 
cornea H (z) Histiocytes are large irregnlaj- cells charac¬ 
terised by the presence of granules or vacuoles in their 
protoplasm, and containing oval nudef They are both 
amcebotd and phagocytic, but are difficult to distinguish 
from fibroblasts in fixed preparationSn They can be 
identified with certainty by their marked ability to store 
certain colloidal substances, such as trypan blue, when 
injected supra vitally- (5) Mast celh are ovoid or spher¬ 
oidal in shape and contain bosiphil granules. They are 
not numerous in human connective tissue and are be¬ 
lieved to be concerned with the formation of heparin. 
(4) Fat eflh (sec adipose tissue)* {§) Plasma celts arc rare in healthy connective 
tissue and arc round or oval in shape with a small eccentrically placed nucleus 
* 

• F- O. Schmitt, C. F. IIdII and .M, A. Jrtkia,,7, CeJi. Camp.Ftiyihlr, ^o, 1743. 
t S, Fiuen jaekson, Pw. Hoy. Soc. B., 1 756. Ker other detaih sec J. T. Randal t, Soiurr 

Sfritcturr and 0/ Cotiftxrn, London, 1953- 
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in which the chromatin tg arranged in clumps around the periphery^ resembling 
the spokes of a cartwhecL They are facliei'cd to he derived from lymphocytes. 

Fic# i(k —Elrciron mknoprftph of tk weskn of dc^eloptni? tcndnri from ■ {4~clay chide 
emfeJTO. The hbneft which are ibotit ijoA in diameter arte eeeo in traftsvpric nceiiofi 

and arc closely intcrlodccd wilh the C>'rop]aam of Hdjuccnt hbroblHiU. Each tlhrc It iovnicd 
by internbrilEar material containing the collj^n molcculn u^ed in its sLlbjaeC|U4nE erLiurgement. 

K 

i^nt by Mis^ Fittan Jackson. 



In addition to these live types of ccIIBt arwlar tissue may conti^n Kandering tetb, 
i+e, leucocytes whicji have emigrated from tlie neighbouring vessels; in some 
iristances, as bi the choroid cost of the eyC| cells filled with granules of pigment 
(ptgm^ni-ctih) are found (p. ty). 
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Adipose tissue.—In altnost all parts of die body areolar tissue contains a 
variable quantit>^ of adipose tissue or fatn 'rhe principal situations where it is not 
found are the subcutaneous tissue of the eyelids^ of the penis and scrotum, and of the 
labia minoni; widiin the cavity of the cranium ^ and in the lungSr except nc* 
ioot£. The diatribucion of adipose tissue is not uniform ; in some parte it is in 
great abundance, as in the subcutaneous tissue^ especially of the ahdomSnlt wall, 
around the kidneys, and in the mesentery and omentum. Lastly, fat enters largely 
into the formation of the inarmw of bones ^ 

Adipose tissue consista of fat-ccLI.^^ Lodged in the mneshes of areolar dssuc. Fat- 
cells (fig, 17) vs.ty in size , the average diameter being about jo/x; each oonsbts of an 
exceedingly dehcsite protoplasmic meitibrane, filled witl^ fatty substance, which is 
liquid dunng life* but solidifies after death. They arc round or spherical where 
they are not subjected to pressure ; otherwise they are more or less polygonal. A 
nucleus is always present under the ccll-mcmbranc and can be demonstrated by 
staining with hffimatoxylin j in the natural condition it is so compressed by the 
contained oily matter aa to be scarcely rccDgnisabIe< The fat-cells are held 
together mainly by the network of delicate connective tissue, earning capillary 
bUwd-vcsscls which are distributed to them. 

Chemically the oily material is composed of olein, palmitin, and stearin^ w'hich 
are glyceryl esters of fatty acids. Sometimes fat-cr>^stals form in the cells after 
death. When the tissue is boiled in ether or strong silcohol, the fat is extracted from 
the cells, w bich are left empty and shrunkfin. 

Fat first appears in the human embry'o about the fourteenth week- The fat-cells 
are formed by the transformation of undifierendated mesenchyme cells, provided 

FiCS- — AdipoM liiiue, from the omentum. Seined with Sudan HI, end 

hamvitoxylin. x 350. 
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with processes and indistinguishable from fibrobUste.* Minute refractile droplets 
of oil accumulate in the cytoplasm of the cell, which loses its processes and be¬ 
comes rounded in shape. The droplets increase in number and coalesce to form 
a large globule, which distends the cell and displaces the nucleus towards the 

periphery (fig. 17). ..... j , < 

White fibrous (issue is s true connecting structure which develops in 
response to tenstlc strains in situations where strength is required wiihout rigidity 
or elast3dt>^ It senses three purposes m the animal e^x^noJ^;lJ^ In the form of 
ligaments it bindi bones together and limits the range of movements at joints ; 
in the form of tGndons it connects muscles with bones or other structures; it 
constitutes investing or protecting membranes to varioua organs. Examples of 
* E, R. isnd E. L. ClarL Arntr^ J. Anai.^ 6S, 1040. 
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such niembraDca are to be found in the fasciae or sheaths of the muscle*, the 
periosteum, and the perichondrium ; the capsules of the various glands; the In¬ 
vesting sheaths of the nerves {pcrincuriiam) and of various organs, such as the 

pcnisriind the eye, ,. - 

Tn white fibit)U& tissue* as its name the white fibte$ predoruinatc j 

the matris is apparent only as a cement-substance, yellow elastic fibres are cem- 
parattvely few, while the tissue-cell# are arranged In a special maruier. It p^tits 
IQ the naied eye a silvery white, glietening appearance ; it is inelastic, and is only 
very sUghily extensible it is exceedingly strong, so that upon the application of any 
extern^ violcinie. a bone with which It is connected may fracture before the fibrous 
tissue gives w'ay. In ligaments and tendons the bundles of fibres run parallel with 
each other (fig. 18); in Membranes they intersect one another. *l’hc cells found in 
white fibrous tissue arc often called ‘ tendon-cells They are situated on the 
surfaces of groups offibres. and are arranged in single rows, each cell being separated 


Fic. iSr — Loftffiiudinsl Mcti-an of human 
lentSo colcanetift, ^ i ^ 7 * Sittnod with 
hrtMiiailoxylin and CMifi- 



from its neighbours by narrow line of cement-subsumee- I'bc nuclekis is gcncr^jly 
situated at one end of the cell, the nucleus of the adjoining cell being in dose proximity 
to it. The tendon-cells have wiog-lifce processes which pass between the bundl« 
of fibres, giving a stellate appearance in transverse section (fig, 19). When viewed 
from the side, the cell with its wings is quadrangular, and there may be the 
appearance of a vertical line on the body of the cell owing to the projecdon of a 
wing towards the eye of the observer. Upon the addition of acetic add, 
white fibrous tissue swells up into a gtassy-looking indistinguishable mass. When 
boiled in water it is converted almost completely into gelatin, the white fibres 
being composed of tollagen, which is regarded as the anhydride of gelatin. 

In many situations in the body a tissue is present which, though lacking the 
density of white fibrou# tissue, has a higher proportion of collagenoiia fibres than 
are commonly present in areolar tissue. It may conveniently be termed fibro- 

arfolar tism^ » 

Yellow elastic tissue.—In errtoin parts of the body a tissue is found 
which is of a ycl!<?vViah colour^ and possessed of great elasticity. It Ls capable nf 
considerable catension^ and when the extending force is withdrawn returns at cnee 
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to its original condition. This is ytUats elsstU thtue \ it may be regarded as 
a connective tissue in which the yellow clastic fibres Imvc developed to the 
piactical exclusion of the other elements. It is found in the Hg^tnenta flava 

4 

Fic. —"A intnavcrw sfrctlon throyah s hiimnn tendon, w t*o. 

(Afitr Sobotta.) * 



(fig. 2o), in the vocaJ folds and the cricovocaJ membrane of ihe lamp:* in the 
miiGOUS membrane of the traehca and bronchi, in the walls of the pulmonary air- 
vesiclcs, in the coats of the blcKxi-vessels, especially the Larger arteries^ and to a very 
considerable cictent in the thjTcohyoid and atybhyotd ligaments. It is also found 

FlC. 40.-^Long!tudmHl sceiioia of himmn IsBamcnnmi fkviim. xaSo. 

Stained with orectn^ 



in the ligarnentum nuchse of the lower animals. Where the fibres are broad and 
large and the network close, the tissue presents the appearanctf of a membrane, 
with gap* or perforations corresponding with the intervening spaces. This 
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is found in the inner toat of the arteries, and the media of large arterica ; to it the 
name o( frnestrtitfti m^mtrane was gjvcn by Hcnlc^ Yellow elastic fibres remain 
iinaltefecl by acetic acid; chemically they are oampost d of the sclero-ptxilein 
kno^Mn as elaslin. 

Reticular tissue (fig. 2i) is found extensively in many partiS of the body, 
constituting the framework of some organs and entering into the const ruction of 
many mucous membranes. It is a variety of connective tissue in ^vhich the ground- 
substance is^ in a great measure, replaced by fluid. It is comptBcd of extremely fine 
pi^yn>philic fibres which branch and form an intricate network. Closely associated 

Fin^ aix—Ecdcular snd bTnpliaid tidiUc from a lymph ^Tsllorji' i stain. 

* Ri‘ilf:ular all 


fufui 

in 


C^ptaie 


Lifmphit/id iiMv€ 


with this network. panJcularly at its interftretions, are rtlicul^ celfs, rtiany of vvhkh 
exhibit well innfked phagpeytlc properties. I he nature of the reticular fibra is the 
subicet of dispute. Although they differ in many of their ehaiactemtics from 
coniEcn fihnsa ihcv arc belic%^ by many to be %-cfy fine or immature fibres. 

In m^v aituatioM the interstices of the neftvork are filled with rounded lymph- 
eorpusdea. and the tissue ta then termed lymphoid tissue. . „ i 

Mucoid tissue is a fcrtal or embtyonic type of connective tiMue, foimd j^icfiy 
aTta« in the development of connective tissue from mesenchyme, it exists m 
Se of Wharton ’. which forms the bulk of the umbili^ cord, and »nsis« 

nf n ^matrix lareelv made up of mueo-subsianccs, in which nucleated cells w ith 

tvpical mucoid tissue, though at birth the umbilical cord show's a considerable 
development of fibres ^ after birth it is still to be seen in the pulp of a developing 
tooth ^In the adult the vitreous liody of the eye is a persistent form of mucoid 
tissue in which the fibres and cells are very few in number. 

Neuroglia is a specialised form of coimccuve tissue found only m the nervous 

sirstE^iTL It iS dctS-CTT-bctl on ps 3^"’ j. _ ....i . 

^ P^meated coimective tissue-celts are frequently met with in lower verte¬ 
brates In man they are found in the chofoid coat of the eye and in the im of all but 
the lieht blue eyes and the albino. The cells arc usual y large and bached, and are 
filled with brown or black granules, eonsisfing o me^nm I he pigment-granules 
am ofVery small siae and are closely packed within the cells, but do not invade the 

nuclei. 

AppStd .dwtaiwv.-Coneenlial abs^ee of pigment ftom tiie skin and other tiasurt 
constitutes the comlition known as albinism. Localiwd patches of skin ft^ which 
^gment is absent an= found in leucodcrma i linear white stn-ak* may result from old 
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scara or froni o^’crdist^Mision of ih^ skaOp particularly that over tlie abdomen followjjig 
pregnancy or E^dtcf. A congenitnl oecr^ive pigmentation may be general^ or may 
oceur locally in the form of dark brown or black no^vi (moles). Pigmented patches 
Dccoaloniilly follow the continued acijun of local irritants, ond a geneml swaMtiness 
may resuJt from ^ce£$ive exp^ure to the aim, panictilarly in association with unclcon- 
Eness (vagabofidinismua). Disorders of the <rndo€rme organs may be ossodaTcd with 
much discoloration of the skin ; this is particularly noticeable in Addison's disease 
(snprarenoJ glonda) where the normally pigmented parts of the bi>dy show increased 
pigmentation and pigmented patches occur also in the buccal and lingual mucous 
membrojits. In pre^ancy and In some uterine dioorders patches of discoloration may 
be seen round the nipples, over the lines alba, and <m the face. 

Basement-tutimbranes consbt of ihm sheets of modified connective tbsue, 
and arc found imdcrljing kyers of qiithelial cells, for ejcampk, in muc:oua mem* 

Fig, 32 .—Mucoid Cisaue from the umbilical cord of a human forma of seven muntha, 
stflined with h^matOXyUji and eoain. k c, ajo. 



brants and secreting glands. They may be formed of cells or of condensed ground- 
aubstonce. In the former casc^ flattened qelb, which are modllied ftbroblasts, are 
tmited by their edges by means of cement-substance, which can be demonstrated by 
staining with silver nitrate; if the ceEa arc unbranched, the membrane is pon* 
linuous; if they are branched, the processes arc united, and the membrane is 
fenestrated. When the membrane b devoid of ccllft it consists of a lamina of ground 
substance in which b embedded a network of aqgyrophU ic fibres.^ The ground 
substance b blackened by silver nitrate and gives a pM^itivne reaction with the 
periodic acid-Schiff technique. *rhc basement^membrane underlying the epi¬ 
thelium on the anterior surface of the cornea is composed of ground-substance. 

Vessels and nerves of couaecrtive lissuep—The biood-i^mels of connective 
tissue are very few—that is to ^yp few are supplied to die tissue itself, although 
many carrj’Lng blood to other structures may pemneatu one of its forms, viz, areolar 
tissue. In white fibrous tissue the blood-vessels usually run parallel to and between 
the longitudinal bundles, sending communicating branches across the bundles; in 
some of its forms, as in the peHostcum and dura mater, they are fairly numerous, Jn 
yellow dastk tissue the blood-vesscis also run betiveen the fibres. Lymphatic vesseis 
are very numerous in most forms of connective tissue, especially in the aryolar tissue 
beneath the skin and the mucous and serous surfaces. They arc ako found in 
abundance in the shptha of tendons^ as w^cH as in the tendons thcmBcIves. Nm?€S 
ore found ending in white fibrous tissue {p. 457); but it is doubtful whether any 
nerves end in areolar tissue; at all events, they have not yet bet;n demonstrated^ 
and the tissue is possessed of very little sensibility. 
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THE SCLEROUS TISSUES 

■fhc sclerous {or skeletal) tissues provide the stiffcoing which is essential far the 
formation of the general frame work of the bod y. Structurally they are closely sdlicd 
to the connective tissues, for their conaiitucnt cells lie in a nwtrbt in which nbrra 
may, or may not, be developed. Physically, houever, the sclerous t^ocs differ 
from the so^ pliant connective tissues, for the matrix has become Golidifted. 

There are two varieties of sclerous tissue, viz, cartilage, or gristle, and bone. 
In cartilage the matrix is composed largely of muco-substances rich in chondroitin 
sulphates. In bone tho matrix is impregnated with certain inorgamc^salts. of 
which calcium phosphate forms much t he greatest proportion. 


CAltTtLACr 

Cartilage is found tn ™oui parts of the body—in the joints, parietra of the 
thorax trachea, bronchi, nose, and ears—where it is necessary to have ngidity and 
strength combined with a certain degree of elasticity. In the fettus at an early 
neriod, the greater part of the skeleton « cartilaginous ; as this cartilag^ is atter- 
w-ards replaced by bone, it is called temporary, in contra-distinction to that which 
remains unossified and is called permanettL 

Cartilage, though relativeW non-vascular, is penetrated by numerous smU 
canals, each of which conveys a small artery and one or more veins surrounded by 
toQsclv arranged fibrous tissue derived from the penchondnum. In the la^geal 
and nasal cartilages vascular canals begin to form in the seventh month of intra¬ 
uterine life and persist until old age. In costal cartilage the canals ap(^ m the first 
year but do not reach the centre of the shaft until the loth year. After the age ol 
M marrow elements are said to be present, the cells of which underm atrophy about 
the 6oth year leaving the canals occupied by a miicmous matenal. In tempora^ 
cartilage vascular canals begin to appear in the third month of intrautenne bfc 

Fic. 11, — h lection of hyaline cirtiURe from the niche*. Humm. 

HoMniloxylln ind eosin. ( * J joo,) 



and grow towards, but do not quite reach, the site where the ossific centre subsc- 
quendy appears. They grow in from the perichondrium in any situation where the 
surface i**not articulw and is devoid of tcndiiious or ligamentous attachments. 
Huirell • believes that by the third month of frctal life the central cells of the larger 
cartilaginous elements arc threatened with starvation and that the vessels contained 
in the canals bring them the nourishment of which they stand in need, the ingrowth 
being a rcsponsc^o a chemoiaxic stimulus, 

• D. J. Hurrell, J. Loitd., 6o, 1034. 
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Cartilage is divided, accord!^lg id its minute structure, into hyaline car^lt^e, 
Tchite fihrocartilage, and ytll^m dr Jihrocartifage. Besides these s^ricties met 
ivith in the aduk human subject, there is a variety called ediular cartilage, formed 
entirely, or almost entirely, of cells, separated from one another only by their Vap- 
soles, which arc extremely well marked in this kind of carliiage. CelluHr cartilage 
is found in the external cars of rats, mice, and some other animals, and it also forms a 
suge in the development of cartilage in human embryonic life. 

Hyaline cartilage has a pearly bluish colour and consists of a gristly mass of a 
firm consistence, but of considerable cUstlciiy. Except where h coaui the articular 
ends of bones it is covered by a ftbrous niembmne, named the pinchandrlum. If 
a thin slice be examined under the microscope, it is scet^ to consist of cells of a 
rounded or bluntly angular form, lying in spaces in a granular or almost homo¬ 
geneous matrix (fig, z^}. The cells are frequently arranged in groups of two or 
mare, and. w hen this is so, they generally have straight outlines where they are in 
contact with each other, but are rounded in the rest of their circumference! They 
consist of dear translucent protoplasm in which fine interlacing filaments and 
minute granules art sometimes present; one or two round nuclei, having the usual 
intranuclear network, arc imbedded in the protoplasm. 

UTien viewed witli transmitted light the matrix is transparent and apparently 
without stmcturc, or else presents a dimly granular appearance, like ground glass. 
It stains with basic dyes and, awing to the abundance of chondroitin sulphates in it, 
it stains metachromaiicsJly with toluidine blue* The intensity of the staining is 
more marked around the cell spac^ ivhere it forms a dark rim known as the capsule 
of the space. When examined wfith polarised light or after special treatment • the 
matrix of hyaline cartilage can be showm to contain fine fibres, many of which have 
the characters of collagen fibres. 

Costal cartilage, temparary canilagc and most of the articular rartilage arc of the 

h^'aline variety* hut they present 

Fi<5- 24 .“A vcrticflj section through iht 
lower end ot the ulna of d human hxiini. 

Semi-d Edgramintiiie. 


Suprrjieiitl fi^tiUned crlls 


differences in the size, shape and 
arrangement of their tells. 

Articular hyaline cartilage 
{fig- 24) shows no tendency to 
ossification; its malrix is finely 
granular, and Its cells are fattened 
and disposed parallel to the surface 
in thesuperfidalpart of the cartilage, 
while nearer to the bone they are 
oval and are arranged in vertical 
fow^. The deep^t part» which lies 
next to the bone, is calcified (fig. aq.). 
Articular cartilage has a tendency to 
split in a vertical direction, hs free 
surface is not covered by perichond¬ 
rium. but the synovial membrane 
can be traced over a small part of 
its circumference, and here the 
isrtilage-eclls arc more or less 
branched and pass insensibly into 
the branched fibroblasts of the 
ftvnoV iai membrane. 11 forms a thin 
layer upon the joint-surfaccB of the 
boneSp and its elasticity enables it to 
break the force of conciissiorLS, wh ile 
its smoothness gives case and 
freedom of movement. It varies in 
thickness according to the shape of the articular surface on w hich it lies; where this 
is convex the curtilage is thickest at the centre, the reverse being th^ case on 
concave articular surfaces. 'Ehe free surface of the cartilage is constantlv being 
worn away thfoughtmit life owing to the joLnr movements, and this wastage 
necessitates continuous maintenance growth. In the child mitosis is the normal 

• A, BenninifhefFp I^fyrbttch drr Analoinie dfi MemchrfT, 1+ Munich loio. M. A. Mac- 
Conaili J. ii<rneyirStirg., 
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in ihc adult amitosis is the sole mcclianisiii responsible for growth-* Articular 
cartilage ia believed to derive its nutriment froin three souroes, the vessels of ihc 
Bvnojb'ial membrane, the synovial fluid the blood vessel of the underlying 
marrow Gavily. Many of the latter penetrate into and even through the catsrified 
matrlji between the bone and the cartilage-f 

In costal cartUage the cells and nuclei arc large* and the matrix * which 
is usualLy homogeneaiis and trampareni+ has a tendency to tibmus striaiion, 
especially in old age. In the thickest parts of the costal cartilages a few large 
vascular channels may be detected * The xiphoid proccaa of the sternum and the 
cartilages of the nose, laiynx, and trachea (cxecpi the epiglottis and eorniculaic 
cartilages of the laiimj^ which are composed of elastic fibroeartilage) ramble 
the costal cartilages in microscopical characteristics- I'hc arytenoid prtilagc of 
the lar}mx shows a transition from hyaline cartilage at its base to elastic cartilage 
at the apex. 

The hyaline cartilages ^ capKciaily in adult and advanced life, are prone to 
caldFy—that is to say*, their matiix becomes permeated by calcium salts. Cald- 
hoadon occurs frequently in the costal cartilageak and in the cartilages of the larynx, 
and may be succeeded by ossidcaiion. 

White dbrocartiLage consists of dense white fibrous tissue ajranged m 
bundles, with smalh scattered groups of cartilage-cells between the bundles; 
the cells 3rd roughly ovoid in shape, and arc surrounded hy ct>nceiiReally 
striaied areas of caititage-matrix (fig. 25)* When present in as in the 

intervertebral discs, it provides a tissue of great strength and rigidity combined 
with an appreciable degree of elasticity. When present in lesser amount, as 
in the articular discs (p+ 453)+ the gicnoidal and acetabular labnt (ppn 48;^ and 
514), and the cartilaginous lining of bony grooves which lodge tendons, it constitutes 
a tissue of considerable toughness and sufficient elasticity to enable it to resist 
the elfcets of pressure and friction. 

The articular surfaces of bones which cjssify in membrane {p. i&) are 


KlC. 25. —White HhrMEitilai^t from ibe intcrviertcbral diic ofa hors*. 
Suined with IwmiitosylLn and eoain. Highly itkognihcd^ 
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covered with white fibrocartilagc and in these situations \t serv-es the same 
purpose as hyaline cartilage, 

• H. C- Elbftn, StudirHi on Articular Cflitiliiit," _-JpT4ifr, ^8, 

f D, E. llolmdihl xuid B, E. lnael«i*dt, .4^1^ Orthop. 10 , 
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YelLow or elastic fibrocartilage b found in the earsn the comlcubitc cardUges 
of the larynx, the epiglottis, and the apical portions of the arytenoid cartilages. It 
consists of cartilage-cells and a matrut, the latter being pervaded by a neuvork of 
yellow elastic hbreSp branching and anastomosing in all directions, except imviedi- 

Fig. a6.^—Yellow dr Fldsde fibnieartiliig^ fituo the caz of t iliEcpi 

with oroGiD, 



atcl V around the cells^ where there is a. variable amount of hyaline substance ab). 
The fibres resemble those of yellow elastic tbsoe^ not only in appearance and m being 
unaffected by acetic acid, but also in their aflinity for orceim 


BONE 

Structure tmd phyaical properties.—Bone b one of the hardest structures of 
the animal body, alihough it possesses also a certain degree of rEsilience. Its 
colourt in a fresh state, b pinkish white externally, and deep red within. In section 
it is seen to be composed of two kinds of tissue, one of which is dense in texturep 
like ivory^ and b termed sabsiantta comfi/icia ; the other consists of a meahwork 
of trahtculaf within which are easily visible intercommunic-ating spaces; this 
is called sf>mgiosa. The compact substance is ahvaS'S placed on the 

exterior of the bone^ the spongy In the interior (fig. 24^). The relative quantities 
of these varv in different bones and in different parts of the same bonep according 
as strength or lightness b requbite. Close examimuion of the compact substance 
shows it to be extremely porous, so that the difference between it and the spongy 
substance depends merely upon the relative amount of solid matter and the mxc 
and number of spaces in each ; in the compact substance the spaces are small and 
the solid matter abundant, while in the spong)- substance the spaces are large and 
the solid matter small In quantity. 

The trabecula? of the spongy substance are laid down in such a Avay as to enable 
them to withstand the stresses to which they are normally subjected. Those which 
lie along the lines of force are intersected* obliquely or at right angles, by others 
which function as struts or ties. The arrangement b w^ell shown In X-ray photo¬ 
graphs and sectiona of the upper end of the femur (fig. 441), the calcaneus (PI, XVH) 
and ebew^hert. The architecture of bones b designed to provide the requisite 
strength and to eliminate unnecessary ivcight. 

It is to be noted that when the aiigiururnt of a bone Is altered as the result of 
union In bad position following ^acture, the trabeculae undei^ a rfralignmeDt 
adapted to the altered condiriona. 

During life boneJs permeated by vessels, and enclosed, except where it is coated 
with articular cartilage, in a fibrous membrane termed the pm'orfeum, by means of 
which many of these vessels reach the bone. If the periosteum be*Etripped from the 
surface of the living bone, small bleeding points arc seen which mark the entrance 
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of the periosteal ; untl on section every part of the bone exudes blood from 

the minute Vessels which ramify in it. In the interior of the long bones of the 
adult limbs there is a cylindrical eavity {mvum meduihre) filled with medulia ossitim 
or marrow^ and lined with a membrane composed of highly vascular areolar 
tissue, called the endosirum. This cavit)- begins to appear in the middle of the 
shaft in the foetus and extends in both directions until it almost ncaches the 
epLphvseal lines. 

The periosteum adheres to the surfaces of the bones but it is absent from the 
cartilage covering thetr articular surfaces. When strong tendons or ligaments arc 
attached to a bon^^ the periosteum ia incorporated with them. It conebts of two 
layers closely united logcthcrp the outer fo^ed chiefly of white fi.bfi>os tissue* ron- 
taining occasionally a few' fat-cells \ the inncfp of elastic fibres of the finer kindp 
forming dense membranous networks, which can again be sq)aratcd into several 
layers. In >xsung bones the pericKteum is thick and very vascular^ and is separated 
from the bone by a layer of soft osteogmetk thsuff containing a number of granular 
cells, the CfSUoblasis, by which ossiiication proceeds ort the exterior of the young 
bone. Later in life the periMtcum is thinner and less vascular, and the osteo¬ 
blasts are represented by a single layer of Hattcned cells on its deep surface. The 
periosteum serves as a nidus for the ramification of the vessels previous to their 
distribution in the bone ; hence the liability of bone to exfoliation or necrosis when 
denuded of thte membrane by injury or disease. LymphatieSp which generally 
accompany the arctrieSp and free nerve endings {p. 9^) also be deiTionstia.ted 
in the perioatcuni. 

Vessels and nerves of bone,—l‘he bltmt-vesstli of bone are very numerous. 
Those of the compact substance are derived from a close nctv'ork of vessels in the 
periosteum. Vessels pass from this network into the minute orifices in the compact 
substance, and run in the Haversian canals whicli traverse it. The spong)' substance 
is supplied in a similar way by largicr vessels, which perforate the outer compact 
substance and are distributed to the cavities of the spongy portion of the bone. In 
the long bones, numerous apertures may be seen at the ends near the articulaT 
surfaces; some of these give passage to arteries, but the greater number transmit 
veins from the spongy substance. The marrow of a long bone is supplied by an 
artery which enters the bone at the nutrient foramen (foramen nutrteium). The 
artery, usually accompanied by one or two veins, sends branches prosimally 
and distally.’which ramify in the endosteum and give ttvigs tn the adjoining 
Haversian ^als. The ramifications of this vessel anastomose with the arteries of 
the spongy and compact substances. In most of the fkit, and in many of the short, 
bones there arc one or more large apertures for the transmission of nutrient vessels. 
In the flat cranial bones the veins are large and run in tortuous canals in the 
diploic tissue, the walls of the canals being formed by thin lamella; of bone, 
perforated here and there for the passage of branches from the adjacent diploe. 
The same condition is found in all spongy substance, the veins being cnclo«<i 
and'supported by osseous material, and having exceedingly thin coats. When a 
bone is divided, the vessels remain open, and do not contract in the canals in 
which they are contained. The presence of lymphatic vessels has never been con- 
»nncingly demonstrated. Serves are said to be most numerous in the articular 
cxtreinitics of the long bones, in the vertebra;, and in the larger flat bones. They 
are distributed freely to the periosteum, and fine medullated and non-medullated 
fibres accompany the nutrient vessels into the interior of the bone for the supply 
of the b!ood-vc^b of the marrow. 'I'hc acute sensitiveness of bone to painful 
stimuli leads one to expect that numerous sensory nerves will be found in the 
bone itself, but the evidence for their presence has hitherto been scanty. 
However, by the use of a special silver technique, Huirdl • has succeeded in 
tracing nerv'C fibres to their termination in the bone matrix and in close relation 
to osteoblasts. 

Minute anatomy.—Compact hone consists mainly of a number of irregularly 
cylindrical units, or flaverrim ^’siems, each consisting of a central canal, the 
tiaversian canals surrounded by concentric lamellae of bony tiss«e. Between these 
lamellae there are a number of small spaces termed htcitwe, which are connected 
with each other and vi'^ith the central Haversian canal by many fine radiating channels 
called canaheuti.' The irregular intervals between these circubr districts are 

• y. Amt,, Lvmi.. 7 *. iw7- 
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MCupicd hyinitffiitiat larTtcIlat.'f with ihcir lacunae and canaliculi, I'uniiuig in various 
directions, hut more or Isss parallel with the surface {fig. 27}* Agstin, other lamellae 

Fic. a?.—A i^ivene section throuBh the oompnet lubstance of bone. * 

Magtirhcd. (bharpey.) (From Qwain's 0 /..JiJO/«niy0 



are found encircling the inner and outer surfaa-s of the bione; thev are termed 
the inner and outer araimfereHtiai or primary lamellae, to distinguish them from 
those surrounding the Haversmn canal, which are termed sreondary lamellae. 

The Haversian canals mn parallel with the long axis of the bone but bran^ and 
communicate at short intervals. 'I bty vary mnsidcrablv in siac, but their averaee 
diameter is about 0 05 mm. The canals near the raedujlan' cavity arc Jatger ih^ 
those near the surface. Each canal usually contains a minute artery and vein a 
small quantit>' of delicate areolar tissue, and some nerve-filaments; in the latEcr 
ones there are also lymph vessels, and cells with branching pmcesses. ^ 

The trabeculae of the spongj' substance and thin plates of bone consist of 
sufKritnposed lamellae which receive their nutriment, not from blood vessels within 
their substance but from those in the tissues around them. Some large trabeculae 
howeverj conTuin simU H4vct^kn. systcins. ^ 

On account of its regular lamellar arrangement normal adult bone is tcnnrd 
tameUar bimt. 

The hmrlliU arc thin plates of bony tissue. Th is consists of a ground substance 
or WBfrijr, in which are embedded fibres and which is Impregnated with £one 
* salti*' u'liEch arc mcratly soluble in acids. 

rhe- matrix appears homogeneous - its composition has not been finally deter- 
mmed. men calcification of bone is incomplete as in rickets the uncalcified matrix 
13 termed the ostfaidmatrix. Each Havemian and intcrstiibiJ s)-stem of lamellae in 
adult bone is usually demarcated from neighbouring systems by a cement fine which 
IS strongly basiphtlic an<!. unlike the remainder of the matrix, is devoid of oollaoen 
fibres (fijf, 48)+ fin 

I'hc fibres in the matrix are believed to be identical w ith collagen fibres There 
is some dirergenctr of opinion concerning the orrangement of the fib^ with 
successive lamelbe. It is generally believed that in each lamella the fibres are 
arranged as sheets in which the individual fibres have the same gcneml direction 
which differs from the genera] direction of those in adjoining lamellae Ruth * 
believes the fibres to be altemarely compact and diffuse in successive lamellae the 
fonner running circumferentially and the latter arranged radbilv Gnbhart + ™ 
the other hand, believed the fibres to be armnged spimllv, the pWh of iKiS 
djfTenrxg m succcssi^'e lamcUac!. " ^ 

The circumferential lamellae are held together by tapering fibres, which snrin* 

• Elbert D. Ruth, 9a, 1947. ^ “ 

t F. Gcbhnrt^ Arch. frEntwick, jj md i^ai and 1906. 
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from the periosteum and run obliquely through them^ pinning of bolting them 
together : these arc termed the pfr/orating fjbrrs (of Sharpey) (fig. 29), 

The^ne * satis ^ constitute the mineral constituents and tonfer on the bone its 
hardni^ and rigidity^ Jlie most important constituents of bone ' ssite ' are 

Fig. aS .—a imnsVcrBC BeciiQli threugh rht cempinet substance of rhe human femur oFan cEJeriy 
»ub]«:t4 Stained with oiCein and picric JCid. k 375. EEbcrt B. Kulb, BcprediH;ed by the 
enurteay of the auEhor and ihc Editnra of the Jwirmii m/ 



calciunrip magncsiuinp phosphate, carbematefc chloride, fluoride and citrate. The 
tninerul substances of hone may be obtained by calcinationp which destroys the 
organic matter. The bfme retains its original form but is white and brittle, has lost 
about J of its original weight and crumbles under the slightest force. On the other 
h^ndp the mineral constituents of bone arsi mostly soluble in mineral acids and may 
be removed by prolonged immersion in dilute solutions. 'Fhe b^jne then retains its 
shape but ifi now perfectly flexible, so that a long bE>iie (one of the dbs for example) 

Kig. 2 ^.-^The pcrforaiins fibre* rif ft humim paneEitl bont. dccoldficd. (H. .MUlltr.) 
fFrom Quain'* Elrm^ft ifj AmU^my, vol. it. pt. i. Miemcopic Armtomy.) 



P^rfpnlitl* flibKI IN -n'til. ifm pitirei dimirn aui liifir 

can easily be tied m a knot. In a trails verse section of such softened bone {Eg. 27) 
the arrangement of the Haversian canals, lamellae, lacunae and cai^aliculi can be 
recognised. ^ 

The bofic * sails * arc believed to consist of erystiillirie and amorphous eomponctits. 
I'he crystalline coAiponent consists of submicroscopic crysiaEs disposed especially 
around the ccillagen fibreSr Ionic exchanges occur readily at the fiurficcs of the 
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“5 rudiimt, strontium and Ruoriod may he 

The laeuna are oblong spaces situated along the maigiixs or in the middle of the 
compact lamellis, and each locuru la occupied during life by a branched boHetcellot 
^ processes from which extend into the caiialicLili. 

The fan^tcuh are muiute channel, crossing the lamellae and connecting the 
lacu^t; of a Haversi^ system with one another, and with the Haversian canah ^The 
^ at the penphtry of a Haversinn svatem do not as a rule communicate with 
hose of neighbouring systems, but form loops and return to thetr own lacunae. 
4 HUS every part of a Haversian sj^tem is supplied with nultient fluids derived from 
the m the Haversian canal and distributed through the canaliculi and lacunae. 

flattened, nucleated 

branched cel Is ^ homologous with the hbroblasts of connective tissue. In the elderly 
they become greatly reduced in number. ^ 

In thin plates of txjne Haverrian canals are absent. 

OMifi«(ion.—Some bonea. such as those of the roof and aides of the akuU. are 
preceded by membrane, but moat bones art preceded by rods or masses of cartilajre. 
Hence ^'o kinds of ^iRcation are described ; the mirammbranous and the inlra^ 
KicTiSon^''* difference betw«n these two methods of 

Inirwnembranous ossification .-The process o f ossification of a bone beeins 
at one or more, almost constant points known as f^n/r« of oisiheaiim. In inW 
membranous f)^incation a m<^fichymaj condensation occurs ac thi* aiic. the ceJl 45 
proliferate, and the more rentraJly aitiiated enlarge ; their cytoplasm becomes more 
gmnular and basiphtlic. A meshwork of collagenous fibres, termed oittoiPenettc 
appwrs ^twren the re Is. This is follow ed by the deposition of an amomhous 
!faiibstance, which masks the fibres and incarremttt some 
r! f!!*^ T^c j Hfwtnx tn which calcareous granules are depiHitcd 

to form the calcified ^tnx of ihg bone. The imprisoned cells fonn the bone cH h 
and the spaces in n^bich they are enclosed constitute the lacunae of the bone. At 
about the time of differentiation of the osteoblasts at the centre of ossification the 
surroundmg m^nchyme condenses to form the fibrous periosteum of the bone 
The extension of the ^(fication occurs through the agenev of the osteoblasts 
remaining at the surface of the bone, which maintain thcrmuilres by mitotic activity 

FtQk JD.—Intrimcmbronj^us ossilicdtian. 
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C^ofjtrtous 


and probably also by differentiation from the mesenchyme arounu. t hese eelk 
progressively lay down new collagenous bbres, which radiate outwards frol S! 

• For detsit, R. A. Robbion. J, SW andJoi^lSurg uA. lot, „n,t 
and xM. R, Uiist. Bon*. ChleaRo. igj5, ^ C. McClean 
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bone, iHid 3 hyaline matrix which is ultimately calcified (fig. 30)* The bony trabe¬ 
culae thus formed thicken by the addition of frc&h layers formed by the osteoblasts 
on thc^r surface and the meshes are correspondingly cncrouehed upon. Subse¬ 
quently the botic incTcasea in thickness by the deposition of successive layers under 
the periosteum and round the larger vascular channels, which become the JHaversian 
canals. 

A layer of Dstcohlasts covers the surfficcs where active bone rartnation is occurring, 
llie intense basiphilia of their has been armbuted to the presence of 

ribonucleic acid and lelatetJ to the elaboration of the protein of the bone matris. They 
also contain an appreciable nmount of alkaline phosphala^ and fine granules of a 
matcriat which gives a positive periodic acid-Sibiff reaction, J*hese features arc 
absent from mature cells.* 

With the late growth of the part, for example the skull, there is much rentodelling 
of the bones involving removal of bone at some stirfaccs and a further deposition of 
bone oti other surfaces. The removal of bone is generally attributed to lai^o 
multinucleated cells, with a finely granular basiphilic cytoplasm, termed osieoelasij 
or bone destroyers. These produce, possibly by enzy'mic action, localised erosions 
of the bone and can often be found in small pits termed ffsoTpiion /ncunaf or 
Iimcship*s which they have hollowed out of the bone, ^ 1 he origin of the 

osteoclasts has been variously ascribed to undifferentiated cells in the bone rna.rrow' 
and to osteoblasts. 

latracattila^iiious ossificatioa. —Moat of the bones are preformed in cartilage, 
and each long bene ia represented in early fcctal life by a rod of hyaline cartilage, 
which replaces a rod of condensed mesenchyme. The prim^rry cenfre a/ ossification 
appears in the centre of the rod and the process of bone fonnation extends towards 
the ends, w^hich remain cartilaginous for a length of time which differs for different 
bones. Later, ossification begins at one or more secondary centres m one or both 
ends and the portions of bone fiirmcd from them constitute epiphyses. Most long 
bones develop an epipbvBiS at each extremity, but in some (metacarpals, meta¬ 
tarsals, phalanges and rits) an epiphysis is Formed at one end only. The cartilage 
between the epiphpis and the growing shaft or diaphysis is termed the epiphyseal 
cartilage and its peripheral margin constitutes the epiphyseal line on the surface of 
young bones (fig. 41^). The part of the diaphysis immediately adjacent 10 the 
epiphyseal cartilage is the site of advancing ossification and is biovim as the 
mciaphvsis. It is particularly vascular. 

The {^rtil^ginous model' of the bone ia surrounded by a very vascular mem¬ 
brane, termed the perichniidriam, which is formed by condensed mesenchyme 
similar to that already described as constituting the basis of membrane bone. 
Between this membrane and the underlying cartilage there ia a layer of osteogctietic 
mesench>Tne, from which the formative-cells (the osfeabltisU) are derived. Prior to 
the appearance of the primary centre of ossification the cortilage-cclls in the middle 
of the shaft become greatly enlarged and the trabeculae between them t^mc 
reduced to thin partitions. The cartilage-cells+ possibly owing to autointoxication 
due to absorption of the surrounding matrix during the period of growth, undergo 
degenerative changes and die. Their bodies become shrunken and leave spaces 
which arc termed the primary areola. Subsequent to the death of their parent cells 
the thin partitions betw cen these spaced become calcified* The weakening of the 
shaft brought about in this way is compensated for by the subpericliondral osteo¬ 
blasts, w hich lay down 3 peripheral fenestrated layer of young bone by the intra- 
membranous method previously dcscribedn These changes constitute the first stage 
in the process of intracarlilaginous ossification* 

The second stage consists in the prolongation into the cartilage of processes of 
the deeper or ostcogenetic layer of the perichondrium (now periosteunt). The 
processes consist of blood-vessels and cells—osteoblasts and osteoclasts. The 
latter excavate passages through die ncw-formcd bony layer by absorption, and 
pass tbrougli it into the calcified matrix. Wherever these processes of the osteo- 
geneiic layer come in contact with the calcified walls of the primary areoix they 
absorb them, and thus cause a fusion of the original cavities and the formation of 
larger spaces, which are termed the secondary areolce or meduiiary spaces. These 
secondary spaces arc filled with embryonic marrow, consisting of osteoblasts and 

• J. J. Pritchard,7, Ijor\d., S 6 , ig^a. 
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vessels^ derivedt in the manner described above, from the OAKcogenetic layer of the 
periosteum (fig. j i). 


Fig. 31.—A lonsitudiiiil section through a Tnctacamt hont of a fartal ran 
MBlIorj-'v Stiiin. 
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The walls of the secondary^ areola increase tn thickness by the deposition of 
layers of bone on their surfaeir. This process takes place Ln the foltowing manner* 
Some of the osteoblasts of the citibryonic marrow, after undergoing rapid division, 
arrange themselves as a layer on the surface of the WTill of the space (fig. 31), This 
layer of osteoblasts forms a bony stratum, which gradually covers the wall of the 
space and in which some of the cstcobhists are included as bone'cclis* The nest 
stage in the process consists in the temoval of these primary bonc-spicules by the 
osteoclasts (fig, 33^). This process goes on pan pasm with the formation of perman¬ 
ent bone by the nsteogenctic layer of the periosteum* and Ln this way the medullary 
cavity of the bone is formed. 

VVhilc bone is being laid dow^n in the middle of the shaft the adjoining cartilage 
reacts in a manner which prepares it for the extension of the ossifying process. In 
the area directed tow ards the end where an epiphysis appears later, the cartilage cells 
undergo rapid division, at first in the tranaverse axis of the Iwine and then in its long 
asis, so as to give rise to a great number of parallel rows of disc-shaped cells, marking 
the zofie of praltfiraUon. This proceas goes on throughout the period of growth 
aiid 19 responsible for increase in length of long bones.* The older cetls, which lie 
nearest lo the primary centre of ossification, become hypertrophied and this 
enlargement is asavKriaicd with the intracellular storage of glycogen.f 'fhese cells 
mark'the zonf af ftyp^frophic cariifage. Most, if not all, of distended dcIIb d ic, 
* C. \\\ Stump, 7 59, 

t i b A. Hamt, t#f H-eatih attd Disnatt, 1532, 
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ihe trabecula between the columns undergoing calcification to form the 
eufr/AVJ raruiagt. Osteoclasts and osteoblasts frotn the pnniafy centre eflcntl the 
process of ossification in the longitudinal direction by Jnvsdmg the columns, 
rcmoxiag the tnibecul® and laying down new bone. As ossification 
the shaft, the cartilage-cells at the epiphyseal end of the rows divide rapidl>, while 
those at the oppmitt: end progress!vtrly hypenrophy and atroplu ( g’ 

The cchs tind mams in the Eonc of hypemtiphic cartilage nnd the oftieoblfwts are 

ph»pta«... wtoh »».t "£r2h“”“ 

with the formaiion of the osteoid mstriK and particularly of the fibres wiihin it. 


3, „A part of tendoserf within the square) more highly miBnifwd. 
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This series of changes proceeds gradually tovrards the ends of the bone, ^ that 
all the changes described sIkjvc may be seen in difTcrent parts from the true bone at 
the centre of the shaft to the hyaline cartilage at the extretnihcs. ^1,, 

While the ossification of the cartilaginous shaft u, cxtenchng Ww^r^ the arncular 
rt Ie The eDLohvBca! cartilaEc immediately in adiTuice of the bony tissue wntmuca 
toSiiwuntilthelcnfitWtS^adoIt bone is reached. At the same lime the formation 
SS^iosteal liine advances towards the en,fe of the shaft and by surface depos.iion 
Id an incteasc tn the thickness cif the rnsne- _ 

One or more secondary bony centres api^r in the rartilaginous extrmmra and 
initUte in them the ptoecss of ossification; but the ends remain separated from the 
S?^f the bone b? the epiphyseal cartilages for a definite time. O^ificaiion of 
eSivU and ossification of L diaphysfe in the direction of an “ 

I.oiohvsis develops (c,g, the distal ends of the phalanges, etc.) are not marhed, m the 

formation of row, of cells.- Instead, the ^rulage- 
“u lonstLte imall groups or ceU-nesta, which undergo hypertrophy and. laten 
Sc r?£nge accompanied by calcification of the surrounding mainx. Thi^ 
BTOUPs become invaded by osteoblasts and osicodasis and hone ts laid down in the 
LmSr already described. Hurrell t «(5ards the in^wth of iTiSCular canals as ^ 
J^cntlal preliminary and, in his view, the embryonic wnn^ive tissue which they 
contain pvea ri^ the osteoblasts in question. The epiphy-scal cartilages ulti¬ 
mately t^ifvT and bone assumes its completed form and shape. 
reS ^plics to such preecssea of bone as are ossified from separate epiphytes, 
e,g4 the trochanters of the fetnur. 

* G. S. Hcwitls, AHiit. ReCr, 46, 1^30 Pfid c/- H. A Harris, loc. df. 

4 D. HurrtlkJ. Attar, London <934- 
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Bones increase in length by ossification continuing to extend into the epiphysral 
cartilages, which go on growing in advance of the ossifying process; when the 
growth of the epiphyseal cartilages ceases, the diaphyais and the epiphyses unite. 
Bone* increase in cireuinference by deposition of new bone from the ost^^geneLc 
layer on their sub-periosteal aspects, and at the same time an absorption tak« place 
from within, bv which the medullary cavities are increased. It should be observed 
that, in certain'situations, e.g, the ramus of the mandible (p. 309) and the expanded 
extremities of the shafts of the long bones, a process of remodelling is nccesaa^ 
during the stage of lengthening, in order that the outline of the bone may remain 
constant throughout the period of growth.* This remodelling is brought atout by a 
process of absorption, which goes on side by side with the process of deposition and 
is an essential feature of normal growth in the situations cited. _ 

The bone fiist laid down is spongy in structure. Later the osteoblasts contained 
in its spaces form the concentric layers characteristic of the Haversian systems, and 

are included as bone-oclls, . , ,, ^ 1. l ^1. 

The number of ossifie centres varies in di Here nt bones. Most of the short bones 
are ossified from a single centre. In each long bone there is a primary centre for the 
shaft, or diaphyais: and one or more secondary or epiphyseal centres for each 

extremitv. That for the shaft is the first to appear.. 

The times of union of the epiphyses with the shaft vary inversely with the dates 
at wWch their ossifications begin ^with the exception of the fibula) and are related to 
the direction of the nutrient arteries of the bones m man. 'ITius, the nutnent 
arteries of the bone* of the arm and forearm are directed towards the elbow, since 
the cpiphvscs at this joint become united tvith the shafts of the bones before those 
at the opposite extremities. In the lower limb, on the contrary, the nutrient 
arteries arc directed awav from tlie tmec ; that is, upwards in the femur, downwards 
in the tibia and fibula ; 'and in them it is obscn cd that the epiphyses at the upper 
end of the femur, and (hose at the lower ends of the tibia md fibula, imitc first with 
the shtdts. Where there is only one epiphysis, the nutrient artery is directed to¬ 
wards the other end of the bone. The growing end of the macerated diapbysis has a 
curious coml-lihe appearance, which is quite characteristic. 

Increase in length of the long bonea occurs in alt vertebrates by prolilcration and 
ossification of the cartilaginous ends. Secondary centres of ossification occur 
constantlv in mammals hut only sporadically in other vertebrates-f There is, 
however,’some reason to believe that they were present in the extinct group of 
niammaMike reptiles.^ iTiclr presence at the expanded ends of the long bones 
reduces very' considerably the amount of remodelling by absorption which would be 
necessan', if they did not develop. Parsons^ grouped epiphyses under three 
headings' viz (i) firestuff epiphyses, appearing at the articular ends of the Iwnes and 
transmitting * the weight of the body from bone to bone ' ; (a) iraethm epiphyses, 
associated with the insertion of muscles, and ‘ originally sesamoid structures though 
not necessarily sesamoid bones ’: and (3) atavistic epiphyses, representing parts of 
the skeleton which at one time formed separate bones, but which have lost their 
function * and only appear as separate ossifications in early life It should be 
stated, with refer^ce to traction epiphyses, that Appleton || found that their 
development was not arrested by section of the tendon concerned prior to their 
time of appearance. 

dMlied Many of the periosteal ves-iscl* reach the periosteum through the 

attaehmcnis of the muscles, io that when the latter are well-developed and their blood- 
suDolv abundant the periosteum is also well supplied with blood and the bones are 
strongly devclotKd with prominent ridges. Conversely if the muscular development 
is ooor the bones are thin and I ight. This is strikingly dcrootuitrated in cases 0 f infantile 
oaral^is where several muscles of a limb becotiM paralysed at an early period of 
^ildhood. The perirotcal blood-supply suffers and consequently very little fn»h 
tissue is added to the outer surfaces of the bones. In such cases alihough 
the limb continues 10 grow in length at the epipliyseal cartilages, its length is less than 

i 

• A. K*ith. /JnaLLond., 
t R. W. tints, 7. Atmi^ IJtrrd., 7^ 1 jfiy i 9 l 7 - 
I R, ^rmm, Orinirt Human Shelf forty tgjo. 

§ F. G. PArwjoSsJ. AoaU andPkydoL, M>a4, 39, liid 42, 

SI A. B. Apptetoiis 
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thDt of the ncinniil side i but the most stnking feature of tlie bonc^ i* itn?ir extreme 

Siiiee increase in the kngih of a bone dependa on continued itrowth at the epi- 
phyaea] cartilages, it is necessary that great care should be taken not to intcTTerc with 
these m dealing with disease in the neighbourhood of an epiphysis. .A knowle^c of 
the periods when the epiphyses join the diaphyscs is often of importance in m^ic^ 
legal enquiries. It is also of practical utility in deciding the nature of an injury in the 
neighbourhood of a joint, since separation of an epiphysis may simulate a Or a 

dislocation, further, when amputation through one of the long bones ts wll^ for tn 
a young subject the aciiviw of growth at the epiphyseal cartilage must be^mc 10 
mind. As special eases, oropuiation through the huroetus or tibia may be cited. Since 
in these bones the proximal epiphyses jue late in joining the diaphyscs. If sufflcictit 
allowance be not made fof this by cutting long flaps, the portron of the diaphysis 
remaining will coniinuc to grow till its distal end projects through the siump-^i 

condition known as ronictff ftump. , * . . .. ,•_1 

As the shaft of a long bone increases in length normally there miMl be a continual 
rcmndelling at the surface in the metaphyMal rrglcm. \yhen this fails to occur the 
extremities of the shaft are irregularly thickened and the condition is tc^ed 
diaphvmi! orfrtm. This condition is also attributed to a failure of the femtle ot 
periosteal bone M restrict the growth in girth of this region. 

Metabolic factors afiecting the growth of bone.*—To ensure the normal 
development and maintenance of bone, there must be an acequate intake of calciuni 
and phosphorus compounds and. further, the diet must cont^n a sufficiency of 
vitamin D Vitamin D influences the absorption of calcium and indirectly o\ phr«- 
phoms compounds from the ititcstiite and thus indirectly ihcir proportions m the 
Wood stream, ft probably also influences the deposition of ^ne salt^ Deficiency 
of vitamin D in the diet during the growth period leads to the condition of rickets, 
in which the process of ossification on the diaphytKal side of the epiphyseal cartil^c 
is serioiwlv upset. The calcification of the cnitilaBC is jrrugtilar, the bone formed is 
imperfectlV ossified, and deformitits may result frtira normal stresses. 

In addition to providing skeletal support, bones form an important reserve ot 
calcium and phosphorus in the body. The level of the blood calcium is imrkcdly 
influenced by the hormone secreted by the parathyroid glands which is believed to 
stimulate the osteoclastic resorption of bone, 

fkvere illtiesaes. oceumitg during the period of active growth of the long W«, 
cause a temporary arrest of growth which can be recognised later rn * 

dense line of bony deposition. This is succeeded by a aonc of renewed growth in 
which it may be possible to detect that the bone laid down during convalescence was 

'^^Ronv over^wth mav be due man umber of d tffc rent factors. U ypersecrction by 
the eosinophd^lts of the anterior part of dw hyTophysia cerebn leads to the condition 
of acromegalv (p. 1013). Caairation during the growth penod l^s to a delay in the 
union of the epiphyses and so to overgrowth- Aj^m. it b“ been 

that a diet deficient in vitamin A is associated with an overgrowth of the ^nes of the 
base of the skull, manifested especially by encroachment on the swe of the foramina. 

Premature arrest of growth of the epiphyseal cartilage rwults m too early junction 
of the epiphy^s with the diaphy^es {ptemajurc sy notlosti). l^s brings to an end t^ 
growth in length of the bones, and is one of the causes of dwarfism. Peraons in whom 
has occuired will have the bead and trunk of normal svee, but the tegs and aims 
disproportionately short though often very strong. 


MUSCULAR TISSLIE 

Muscular tissue is composed of bundles of reddish fibres endowed with the 
nrolicrtv of contractilitv. There arc three varieties of muscle, (i) striped or votuntao\ 
fzl matriped or involuntary, and (3) cofdiac. The muscles which are concerned with 
the movements of the bony skcleton-the skeletal muscles-are composed of smped 
fibres and are under the control of the will. The muscular coats of the stomach and 
intestines uterus, bladder and blood*vesscls, on the other hand, are formed of un¬ 
striped fi'br^ and their movements are involuntary'. Some striped muscles, 
however are not under voluntary control, namely, those formii^ the ivalls of the 
pharynx and upper part of the (Esophagus. Cardiac muscle is intermix] tate m 
* • E, Mrllanby, youmai &/ Phytiofogy, 
t Hp A. Uittii, ItfC. 


32 


HISTOLOGY 


Fig. 3,^.—A itimaverse fectbri 
tKrxiu^h humnfl ttrip«l musclc- 
flbiTs. zsy 



poaitioR bctwecR the other two varieties. Its fibres arc striped, but involunta^'. 
and thev differ frain both striped and unstripcd muscle in stmrture. With the 
exception of the arrcctorcs pilorom and the sphuicter arid dilatator pupihJJ 
muscles, which are derived from the ectodenti, all mtisdc tissue is nieMSderma! 

striped muscular fibres are arranged in bundles or ftuciciili, m which the 
individual fibres arc parallel to one another. Each fasciculus has a connwtiv^ tisue 
sheath, called the perimytium, prolongations of which run into the bundle, binding 
the fibres together and constituting the endfflWVffiiirt. A muscle is composed oi a 
number of fasciculi, held together and surrounded by connective tissue which is 

known 33 ihe The faseicuu arc oi 

different sixes in different imisclesg and atxr for 
the most part placed parallel with one anothetT 
though they usually converge towards the ten¬ 
dinous attachments. The connective tissue frame¬ 
work of the muscle contains the biood-vessela and 
nerves which supply ii. 

A niuscalar consists of a sort contractile 
substance^ enclosed in a tubular sheath called 
the s<trci*!rrnm<i. 'rhe fibres are cylindrical or 
prisrnatic in shape (tig, 33), and their length 
varies froni a fe^v mm. in skirt muscles such 
33 the tensor tympani to more than 30 cm. in long 
muscles such "as the sartorius.* Their breadth 
varies in man from O‘0i nim. to O't mm. As a 
rule, the fibres do not divide or anastomose; hut 
occasionally, especially in the tongue and facial 
muscles, they may be seen to divide into several 
branches. The fibres Taper at both ends and these 
are joined^ the one to the tendon of origin and 
the other to the tendon of insertion, tn long 
fasciculi the fibres may terminate wiihoui joining the tendon directly, \\hcjx 
a muBck joinft its tendon, the sarcolcmma covenng tlie end of «ch musel^ 
fibre bknda with a corresponding group of the fine fibres of the tendon The 
muscular substance of the fibre can readily be made to retract from the point of junc¬ 
tion The areolar tissue between the fibres is pralonged mto the ten^n, so ^ to 

fonn a kind of gheath around the tendon-bundles for a 
longer or shorter distance, When muscular fibres are 
attached to skin or mucous inctnbrauca, this sheath 
becomes continuous svith the arcoL-r tiasue of these 

The or tubular sheath of the fibre, is a 

transparent, elastic, and apparendy homogenous 
membrane of considerable toughness, so Shat it sometimes 
remains intact when the included substance is ruptured. 
It is a very membrane, exceedingly difficult to 
demonstrate by the ordinary staining methods. Sot 
infrequently the term saroolemma is applied to the 
endomysium %vhich clothes it. On the iniemul surface 
of the sarcolcmma in mammalia, and atso in the substance 
of the fibre in frogs, elongated nuclei are seen, and each 
of these is surrounded by 2 little granular protoplasm. 
The fibres arc multmncleatcd and may represent a 

avnc^tium.l . . , 

L pon examination by transmitted light, a voluntary 
muscle fibre is found to be marked by alternate light 
or y bands and dark or Q hands or sirii*, which pass 
tramverscly across it [figs. 34, 35). When evamlned by 
pol ariacd light the Q bands are found to be doubly refract- 
inc faftisotrapic}, while the J bands »re singly refracting (isotmpic), TheQ and J 
^ * R D Lockhaji ^ W. Qrandt, J. AmK. 

t \\\ E. 1^ Gro* Clftfk, The Tmues 0/ thi Body, Ojeford Univ. Prew, 1939. 


Fio, ^4-—Striped musek’ 
fibm I human) fmm the 
mo thyreoid nlU 9 clc. 
Drawn from d pbow- 
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bands a« of nearly equal breadth, and site ™ie with ^ 

vary in breadth fmm about t,* to When the fibre .a focussed decpljf a^dark 
line mny be seen running in the middle of the J band. 


nm IS> t^jr\.u>xnw-^ — - - - 

ITiis is known aa the Z disc 


Fia -A. A portion of a medium -ii«d humin rnuKi^ fibre. ^ 

oLlv So^dfametrrs. B, Sepemied bundks of fibnls, equellir m-e* 
nifieti. (Fmm Ounin's KiftittHU of An0>omy\) 



(Krfiuie's aietrJffane). In fibrts that are on the stretch the Q ' 

M S< bet«<*" •u«««>ive S ■!:«:> 

muscle section the muscle columns defined in this way 

llS^hutc what are knovna as C’oAwAcimk ar«o. Under the elcrtmti tmerosto^ 

di"» .1.“ ^ S', ,f 

Also visible in the sarcoplssm wltlt the electron microscope ts the 

£' dis? sSdTc jTIhe irnro’THeLirSorie^^^ 

CW?' tlS * P««ure waves 

Nur C 4 ircv and c^thcra t maintain that tKc number nf 

iHtrt wi* ^eTO niuBd, nf <hc f»»hw«« ,hrimp ifiCTeiiM* iwnpcnituK. 

1 hrae minm the cifeecner of stnalsons electron 

uritt of jj tide to the clarification of the problem. It would appear, 

Sve"''?harth/n 'hmu«h seveml aar^er« and 

however, that me - aimposinit the filaments is the same in both J and 
u"ba?d“ qVre ^s evidenee ^at constituents other th^ the fibrous proton 
hf Thr musejf may be rtsponsible for the diffennR physical pmpertiea of the J and 
O bSndT ^ ** “f* collodinn, s musele fib^lenvcs an impnnt 

whkh repmduT^ ^ appearance of transverse striatums, fudor Jones has 

* E. J. CAcyp AmfT.y. AmL. 5 ^ ^<3 S 9 . i 95 &. and 6 i, 1 ^ 17 . 
t J- Csrcy, w, “^^1 L. MassopU^t, Amer. J. Anat, 70 , l^a. 
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demonstrated that the strifttions on rhe imprlni react to pobrised liRhi in precisely ihc 
sunic way as muscle stfifltioiia ihemwK'cs, it would appear diat the basis of mugcukr 
oontractinn ia to be sought at the rnacrna-rnolecular level* 

FlC. 36,—Eleclmn m]Cn>gtaph of n lonjintudinEil section of a aurconwre.^ 

Ftxed In 1% bnfFcncd ostnium tetroxide^ treated with phosphoiiins^stic add and 
embedded in methom late. 

Prepared by Mias J. Hanson nJid Mr. H. E, l ln^iky; rifpi^uc-d by pi-muMinn 
of the S^ety for ExperimentB] BioloBy" from J^toniMiaium No. IX. 



Vessels Md nerves of striped muscle^ — The capiftants of sjiipcd muscle 
are vtry abundant, and form a sort of rectangular netw ork, the branches of which 
nin lofij?iiudanalJy in the endomysium between the muscular fibres, and arc joined 
at short intervals by transverse anastomosing branches. In the red muscles 
of the rabbit dilatations occur on the transvcn&e branches of the capillary 
* W* T. Afftburyvi^x^- f^ty. Soc. 134, t 047 . 
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f 37 ,—MukIc fibrcfl 

frtHU thr UTiiill LntE;ilirLf. 
(Quoin's El£m£nlt ^ 
loth Ectition.) 
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Twtivork. The larger vascular cltanni^Is (arteries and veins) are found only in 
the perimysium, between the muscular rasciculL Nrrt:ts are profusely distributed 
to striped muscle* Their mode of termination is described in the chapter on 
Neurtulogy- Lymfih are not present in striped muscle, though they have 

been found in tendons and in the sheaths of the jnuach^ 

According to John In ine Hunter, vertebrate musciep 
like that of the invertebrates, consists of two kinds of 
fibres, i.c. those connected with hcUvc contraction^ 
and those responsible for the miintenance of tonic 
contraction. The former are the ordinary Btriped 
tnuscle fibres innci^^atcd by ordinary medullated motor 
fibres. The latter consisr of thin, red hbres, rich in 
Siircoplasm, with central nuclei and with anon-medulbted 
sympathetic nerve-supply. Though adequate proof has 
been adduced for the double innervation of striped 
muscle, no unequivocal experimenta] evidence hits been 
advanced in favour of the iTgubtion of muselc-toiie 
by sympathetic ncrv'ca. 

Repair of voLuntary mu^Le-—.although it 
commonly been stated that damiiged muscle tissue is 
replaced normally by fibrous tissue, it has recently been 
demonstrated by the cxperimentiil method * that when 
voluntary muscle suffers serious injury the p^rt destroyed 
is replaced by the growth of new fibres from both ends 
of the damaged fibres. Hbtii>cyte$ play an important 
part in removing necrosed tissue and fibroblasts are 
responsible for the reconsdiiiitlon of tJie cndomyslsl and 
sarcolemmal sheaths into which the new fibres grow^ 

The fonrtation of new fibres is a relatively rapid process 
and crosS’Striatiun can be recognised three wee^ after 
the lesion has been indicted. 

Unstrlped^ plaiUp or involuntary^ tntisclo is found 
in the following situations—in the lower half of the 
oesophagus and the whole of the remainder of thegastm- 
iniestinal tube ; in the trachea and bronchi; in the gall¬ 
bladder and bile-duct: in the large ducts of the salivary 
and pancreatic glands ^ in the calyces of the kidney, the 
ureter, including its pelvis, the bladder, and urethra ; 
in the female sexual organs—viz, the ovaiy', the uicrlnc 
tube, the uterus (enormously developed in pregnancy), 
the vagina, the broad hgamentp and the corpora 
cavernosa of the clito ria; in the m ale sex ual organs — vLz. 
the dartos of llie scrotum, the vas deferena and 
epididymis, die seminal vesicle, the prostate and the 
corpora cavernosa and corpus spongiosum of the penis ; 
in the capsule and trabccukc of the spleen ; in the 
mucous membranes, fonning the muscularis mucosa? ■ in 
the skin, forming the arrectores pilorum, and also in the sweat-glands; in the 
mammary glands; in the arteries, veins, and l>Tnph v^cls ^ in the iris and 
dliaiy' muscle. 

Unstriped or plain muscle Is made up of spindle-shaped cells (fig. 37), col¬ 
lected into bundles and held together by a cement-substance. These bundles 
are further aggregated into larger fasciculi, or sheets, bound together by areolar 
tissue. 

The ccllfl are elongated, spindle-shaped, and are of various sizes, averaging from 
40/i to 80^ in Icngtli, and 6;i ta 7/1 tn breadth. On transverse si-ctjons they are more 
or less polyhedral in shape, fmm mutual pressure. Each consists of contractile 
substance enclosed in an clastic cell wall and contai ns an oval or rod A ike n ucleus, I n 
the living cell the cytoplasm appears homogeneous but after fixation It presents a 
faint longitudinal striarion due to the presence of myofibrilB, which are embedded 
in an intcriibrillar Substance or sarcoplasm. myofibril arc not transversely 
* V^', E, tve Groi L’laHt, y. LdfiJ., Bo, 1546 , 
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striated, A ccntriolc lies close to the nucleus. The fibres arc attached to one 
another by a certain amount of intcngtiltal cement-substance which reduces nitrate 


Fig. aS'—AnflstDmiswnif muiieu]iii: 6brr$ of * 

the heart jotn in t lnri|$itudinHl fcctinii. 

On the riHht the limits of the separati^ cell* 
with their nueliti ure exhibited Bcmewhtti 

diBjfrainmBiticiilEv. (SchweiRuer-:^ideI.^ —OardiHc muiele, hunriBn. 

Drawn from B photH^icmitniph. 










Fig. 40.—Purkpii^^t tihxcs ffem th* 
flheep^B heart, in Jongitildinal see- 
tinii. X 154. FhD:soiiTiiorop:oiph 
kindly lent by Pnafessor Frnneu 
Dai'ie*, 


of silver^ and by a network of reticular and elastic fibrea, but in some regions, e^g. 
the muscular coat of the incesttneSg the muscite-cells areal;^ connected by ^ bridges ' 
similar to those described in the prickle cells of the epidermis. 

The response of plain miiacle to nen ous sumulationp although sluggish^ mav be 
sustained. Even in the absence of iierv'ous stimuli sheets of smooth muscle frC' 

quenily exhibit rhythmical contracdons, 
which in many cases trace! along the sheet 
in the form of waves. Such ^vavea are well 
marked in the wall of the mtestinc. 
Contraction is often excited by a mechanical 
stimulus; for example^ distension of the 
urinary bladder or of the rectum excites the 
appropriate reflex of evacuation. 

Cardiac mii«EcylaT tissue.—The muscle 
fibres of the heart are striated both trans¬ 
versely and longitudinaliy, but 
is finer as compared with 
muscle. Ihe tis^iuc consis 
syncytium. At intervals along tne 
deeply staining tnmsserse bands termed 
intmaiaiid discs f%, 3 S) variously interpreted 
as cell boundaries, irreversible" contraction 
hiinds, fnigmentation artefacts or growth 
centres. The myofibrils of heart luusde 
resemble closely those of striped skeletal 
muscle, in respect of the number, character 
and positions of the traits^ 

The nuclei, which are oval in outunip 
centra] in position (fig, 3^)^ occur 
intenals. The conneciivc tissue between 
the bundles of fibres is mudi less than in 
ordinary striped muscle, and no SJircolemma 
has been proved to exist. 


Purkiojc’« fibres (% 

the endocardium and the ordinary cardiac muscle peculiar fibres known as 
Furkinjrs fibres arc found embedded in a small amount of connectii e tisaue, Thev 
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are with the temomal distHbotiona of the atHa%'ejitricuilar bundle, fn 

man the fibrtas arc no larger in size than the cardiiic cells but differ from them 
in several In longitudinal section they are quadribtcnil in shape, being about 

twice ai long ^ they arc broads The central portion of each fibre contains one 
or more nuclei and is made up of granular protoplasmp with no Indication of stria- 
tionn while elsewhere in the fibre tjunsverae striadons arc oonsplcuous (fig, nj^o). 
The fibres branch and are Lntunately connected with each other, but |>od^^ss 
no definite sarcokmnna. 

The airlQventricutar bundle (see section on Blood Vascular System) is 
composed of cells which differ from ordinaiy^ cardiac muscle-cclb in being more 
Spindle-shaped. They an^ moreover, more loosely arranged and have a richer 
vascular supply than the rest of the cardkc muscle. 


NERVOUS TISSUE 

Nervous tissue is specialised for the Initiationp propagation and reception of 
nerii'C impulstSp and its high degree of specialisation is indicated by the fact that it 
has lost the ^w'er of rqproduciion. The nervous tissues of the body comprise the 
brain, the spinal medull^ the cranialp spinalp and autonomic nerv'csp and the ganglia 
connected with them. 

'Fhe nervous tissues are composed of wert'e-cel/j and their various pmcesses, 
together ivitJi a supporting tissue called which, however, h found only in 

the brain and spinal medulla. Certi^i n long processes of the nm e-eelb are of special 
importancep and it is convenient to consider them apart from the cells ; they arc 
knowm as axum or itm-ry/rWer procmes, and together with their covering sheaths 
they form the nm'e-fihras. 

To the naked eye certain portions of the brain and spinal medulla appear grey and 
others w hile, when freshly cut secdons are es^ainined. The^r^* matter is composed 
largely of nerv^e-cellSp while the white matter containa only their long procease^p the 
nerv^e-fibrcai ft is in the former that nenous impressions art received, storedp and 
transformed into efferent impulses, and by the latter that they are conducted. * 
[ fence the grey matter forms the essential constituent of all the nerv^e centres, both 


Fic. 41.—Neuraatta-celti of ihc bmin shown by Gnljp's method, (After Andnefcn.) 
(From Sif E, Shafpey-Schafer^ EMseHtmh */ Hut^togyr) 
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those in the itokted and those aggregated in the brain and spinal medulla; 

while the while maltcf forms the peripheral tienes anti the hulk of the rest of the 
bram and spinal medulla* 
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Neuroglia^ sod its coEistltufint ceils are of sevemi vaneb'es. Astrocytes ant 
stellate ceils with nunicmus processes ; there are two types* Piotopiasmic astro- 
ciftes {fig. 41 A) are Found in grey matter and ha%'e numentus ctaboratelv branched 
processes. Fibrous astrocytes (fig. 41 B) have small Undefined cell bodies, wi^ 
fine, elongated processes, which constitute neuroglia fibres; they arc found 
principally in white matter. Astrocytes have a close relation to the capillaries and 
some of their processes end in Battened expanabns on the vessel wnU (fig. 410). 
Oii^otienJroglwl ceils are small and tend to be cioaely associated with nervc'oclls, 
while their processes, which arc less numerous than those of astrocytes, group 
themselves along nerve-fibres, [t has been suggested that thev function as the 
ncurolcmma of the nerve-fibres of the central nervoq^ system.* Microglial celis, 
found mainly in grey matter, have fewer processes but are amceboid and phagocytic. 
Like the cells of the rcticulo-cndothelial system (p. 53) they are capable of taking up 
vital dyes such as trypan blue. They appear at a later sbge of development than 
Ihc other neuroglial ciements and are first identified immediately under the pia 
mater. Later they penetrate into the grey matter. For these reasons they are 
generally regarded as being mesodermal in origin. In addition, epetsdvmaf cells 
(P- 933) *rnd out processes from their outer ends to form neuroglial fibres. It 
would appear that, with the raception of microglial celK which are mesodermal in 
origin and accompany invading blood-vessels into the developing central nervous 
system, all other types of neuroglial cells are derived from the ectoderm ihiough the 
spongioblasts (p. 125}, The fibres of neuroglial cells form a supporting meshwork 
for the delicate tissue of the nervous system, and neuroglia itself therefore functions 
as a true connective tissue despite i ts peculiar mede of developme nt* 11 is condensed 
to form a thin layer on the surface of the brain and spinal medulla immediately under 
the pia mater, and a similar lawr at the ependvTna! lining of the ventricles and the 
central canal of the spinal medulla. 

Nene-ceUs (fig. 42) are largely aggregated in tlie grey substance nf the brain 
and spinal medulla, but smaller collections of these cells also form the swellings. 


Fic. 42.—Vnnoua formi of nerve cellar 







called gaiigiia. seen on ™ny nerves. These latter are found upon the spinal and 
cranial nerve-roots and in connexion with the autonomic nerecs. 

Nen'e-cells vary in shape and size, and have one or more processes. A tvptcal 
ncrvc-cdl from the cerebral cortex possesses a number of processes* "Of these one 
and only one, acta as a transmitter to convey nerve impulses away from the ceil* 
It is termed the tixan, and it has a characterislic structure, to be described later 
The other processes are all receptors, and convey oerve impulses to the cell - they 
are termed dendrites and they differ from the axon in structure as well as in other 
wa>a. Usually the axon ts a long procesa. which gives off one or two collaterals 
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(fig. 43) but does not branch freejy until Jt approaches its termination. The 
dendntca on the other hand, arc usually short and are restricted to the immediate 
^cimty of the cell-body. They branch frueJy, aometijnes producing the most 
intnrat^patterns (fig. 44), and end in minute twigs. Such nerve-cells arc termed 
inttftrpotor, and they abound in Uic grey matter of the brain and spinal medulla and in 
the ganglia of the sympathetic system. 

Ali nmc-cells, however, are not multipolar. The ncrve-cella in the retina and 
in the spiral and vestibular ganglia of the eighth cranial nerve ore bi-polar (fig. 42). 


Fig. 43.—a pyramidal ccH frem ihc 
c«rt:hra] corlc:( df a indUK. f^dlei 
mrthdd^ (After Ram6n y CiijaS,) 



Fto. 44. A wll of Purkinje from the cejrbellumn. 
Gotjn fncilicjd. tIbmiSn y Cajnl,) 



A. Axttn. h, CoUiteHt. DEfldritn. 


Ont proci^ss enicr^ the cell from the periphery and functions as a dendrite: 
the other leaves the cell to enter the brain and functions as the axon. Struc¬ 
turally, however, both arc sxons* Bipolar cells are found throughout liie in 
the spinal panglia of fishes, and they occur in the same situation in the human 
cnihryo. The condition of hE-poIarity therefore may be regarded justifiablv as 
primitive. * ^ J 

Tn the adult ihe nerve-cells in the aplnal ganglia and the ganglia of the cranial 
nerves (apart Frfim the eighth) are umpol&f, and the condition is Jjmught about in 
the fortus by the approximation and fusion of the proximal parts of the two 
processes above-mchtioned. The single process of these unipolar cells after 
a short course, from the cell-body, divides in a T-shaped manner (fig. 43) into 
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two processed. Of these one runs towards the periphety and. as it conducts 
impulses towards the cdl, functions as a dendrite f the other enters the central 
nervous system and, as it conducts impulses away from the oeJl. functions as 
an ison. Stmcluralty, katcerer, the/unciimal dtndrke of a umpotar cellmt iudis- 
tfr^ua/tabU fr^^m the 

^ The body of the nerve-cell is known as the^v^fi. In fbced and stained pn;paTo.~ 
Uona It consists of a finely hbrillated protoplasmic material m which there are 


FtQr 45.—A motor nrrte-wll fram th 4 ; mK^dor hom of the apin^l mcdullu of m 
o*, Htiinrd Vi.i^ tticlh^l^nr blyt x 5^0. 'Fhe •pindlc^Rbapt^d Nisal'a jfranuEti 
arc shourii. The dendH tc’a and «son an: broken dfr^Ja&c- to the ccIL 
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occ^ionally patches of a deeper tint, caused b>^ the aggregation of pigment-granules 
at the Sides of the nucleus, as in the substantia nigra and locus ctenileus of the brain 
The proioplasm also contains peculiar angular masses of granules which stain dcenlv 
with basic dyes such as methylene blue ^ these are known as Nairtgranuln (fie /rl 
These bodies extend into the dcndritk processes but not into the axon and tfo 
disappear {c/tfoBia/ofy«j) during fatigue or a'lcr section of the ner\c-fibre connected 
with the cell. The nucleus ts. as a rule, s large, well-defined body, with a relailvelv 
small amount of chmmatin, and contains a well-marked nucleolus. 'ITie small clear 
area at the point of exit of the axon is termed the eone of origin. 

In addition to the protoplasmjc network described above, each nerve-cell may be 
shown to have delicate nenrofibrils running through its substance (fie 46) ■ thesp 
fibrils are continuous with the fibrils of the axon, and art believed to TOn veVnerve 
impulses, A pmnwkarnetwofk of fine branching fibres is a characteristic frature of 
majiv neire^cellg^ 


When Inw nerve-cells luc examined by the dark ground illumination method 
neither .NissI a bodies nor fifanJs of any kind can be seen. The constancy of the 
recurrence of both these structures m fixed preparations, however, ittdiciites that 
they represent wmeihing specific In the ti ving «ll, II istochemrcal and other studies 
suggest that Nissl s granules consist of nucicoprotein in combination with iron 

Nerve-fibres are found utiiveraally in the peripheral nerves, and in the white 
mattcr of the brain and spinal medulla. They are of to o kinds^viz, medulloied or 
iPftite hbreSt and non-meduitatefi or grey fibres. 

*rhc medidl^itedfihns form the white mattcr of the brain and spinal medulla, and 
sdso the greater part of every- cranial and spinal nen-e, and give to these slfuSures 
their opaque, white colour, l\Tien perfectly fresh tliey appear to be homogeneous * 
but soon after t^m^l from the body each fibre, when examined by transmitt^ 
light, presents a doubicoutline or contour, as if consisting of two parts ffig 
c^tral portion> the irxow f it i, surrounded by a sheath of fatty materi;i: seining 
black with osmicIcid, named the m^dultaryormyfUfi shea/h, which gives to theS 
iu double contour : and the whole is enclosed in a delicate ftirmb^e termed tl,! 
tteurolfmmo, prfmitwe s/itolh, or Huckaled f/ieath of StkKam (fig, 47) Outside th 
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«5&iinectivc tissue sheatli, termed 

thcj^offeunum. MeduUated nerve-fibre# varj- in diameter from au to tfili. 
Tbe^iwoo js die cssentisi part of the nervcfibie, and is alwayTpreset; the 


Fic. 46. Nerve-celb of a kitten, showing neurofibiila, (Roindn >■ Cajd.) 


jl iWifii L CftoL c. Nid4«ii, iL Ki^qrofibrilL 



m^ullary sheath and the neurokmma arc occasionally absent, especially at the 
on^n and tenrnnafion of the nervefibre. The axon Li^rgoU 
from Its origin tn the nerve-centre to its termination, and must be regardedas a 
direct prolongatton of a nene-ccll. Nerve-fibres in the white matter of the brain 


Fio. 47.^D]agnun of i mcduiloied nerve-fibre, (W, Holmes sdcI J, Z. 
Voting,7, .^tto/,,77, 1041.) 
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and spinal mcdullapveofftwHgs known as«//orwa/s. These arise from theraain fibre 
M nght^glram Its cou^ and mn into the grey matter, where they terminate 
^mUv ^ ar^sation. The axon constitutes about one-half or one-thirf of the 
nerve-fibre, twing greater in proportion in the fibres of the centnd nervon! 
^cm than m those of the peripheral nervxs. It is made upsif a transparent 
called the awp/atm. After fixation and staining wiUi gold 
blonde tt contains‘exwdmgly finu longitudinallv orientated fibrils 
fteurofibrtb and at its termination may be seen to break up into these fibr^. ^ ^ 
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The (figs. 47, 4®) la rtrg^ardedis being a fatty material, termed 

myelin^ in a fluid atate^ which insufates and pintccts, or possibly supplies nutriment 


Ftu, 4}^.—Tmavcrac teCtioni through niedullatcd nerve-fibres. ( RcflltniJit'i 
frolutlOnO (W; I ?olTfi«and J, Z. V-diUlg, % Attot., Ltmd.^ 77, 1^2.) { k 1JOO.) 
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lOj the esscnii&l part of ihc nerve—the axorir As n generaJ rule its thicknesa 
is proportional to the siaee of the axnn^ and is such that it forms about half of the 

total area of the cros-seqtion of the fibre. With 


F10.49.—NormjiJ ner^'e-fibres in 
jQiigitudinnl lectkprt. (Drawn 

from a pholomiimoBr^ph. W, 

Holrnm nnd J+ Z- YoiuiiTj _7. 
Anal., Load., 77, 10+2) 

( ?t f. 84 Jci,> 
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ck'ciron tnierty^py the medullary sheath opptats to 
consist of aUemaie light and dark concentric btninnr. 
Its continuiw is interrupted at Intervals of about 
1 mm., giving to the fibre the appearance of con¬ 
striction at these points; these arc known as the 
of Rtmvirr (fi^. 47 and 4^). The put ion of nerve- 
fibre between two nodes is called an iniermdai seg- 
m^ftL The ncorolcmma is not interrupted at the 
nodes, but dips in to the constriction without any 
break in its continuity. Some observers^ however, 
believe that the ncurokmma of one intemoda] 
mcni IB connected with tlv^t of the adjacent segment 
at the node by cement-suhst^nce. If the fibre be 
treated with silver nitrate the reagent pcnetmtce the 
ncuroiemma at the nodes, and^ on exposure to 
light, reduction takes place, giving rise to the 
appearance of black crosses (Ramier^s crosm) on 
the axon, 'rransverse Linesv tenued Fromann^s 
iims (%* |o), also may be seen beyond t he nodes ; 
their significance is not understood^ In addition 
tcj these interruptions, oblique clefts or indsures 
may be seen bi the medullary sheath, subdividing 
It into irregular portions, which arc termed 
medullary segmnAs^ or segments of Laftiernunifi (figs. 
49 and 51) ^ the incisures can be seen best when 
examined under polarized light (fig. 51), A large 
number of incisures are displayed by each 
intemodai segment of any peripheral nerve, but 
they have never been observed in the nerve-fibres 
of the brain and spinal medulla. It hm been 
suggested * that they provider mechanism whereby 
the nerve^fifarcs can subjected to minor degrees 
of stretching and bending without injury, and the 
fact that the oollagenous fibres of the perineurium 
are arranged in intersecting spirals can be adduced 

« K Gl«*, J, Aims.t, LtW., 77 , 1943 , 




NERVOUS TISSUE 


+3 

as additional evidence in support of ihia. Opposite the incisures circular coIbgertDiis 
fibres arc present in the endoneurium (fig^ 51). Medulla ted nerve-fibres, when 

* 


Fio* 50.—McdulEatcd; nerve-fibrn Btained with nitnte. 



Fjg. 5 X ^—Nonnal mcdullaLcd nerve- 
fibre, seen under pnlarized fight. 
Senii-dkjirainmiLdc. G hfes, J. 

jlnat., 77 , ( 


examined in the fresh ctindition, frequently present a bedded or varicose appear¬ 
ance, due to maniptifiition and pressure, which cause the oily itiattcr to collect 
into drops; in consequence of the extreme 
delicacy of the neurolcmma even slight pres- 
sure will cause the transudation of the fatty 
matter, tvhlch collects as drops of oil out¬ 
side the sheath. 

I'hc H^uroUtfitNi} is a delicate^ structureless 
membrane; here and there beneath it, and situ¬ 
ated in depressions in the myelin,^ are the nuclei 
of Schwann (fig, 47), each surrounded by a small 
amount of protoplasm^ The nuclei are oval and 
somewhat flattened, and one is generally found 
in the middle of each intemode. It is unccnain 
whether the cytoplasm of the Schwann ceil is 
continuous with the neurolemma. 7 Viir rreirrfl- 
iemmet is uhenf frim fhr mfiiuii<ti£d fihrfs of thr 
bram an 4 sfrmiJ mfduifa but nodes of Ranvier are 
present. 

Degeneration and Regeneration.—When 
ner\'e-ftbres ore cut across^ their central ends 
degenerate os far as the lir&t itodc of Ranv^ter, 
while their peripheral ends degenerate simul- 
raneutisly throughout their entire length, llicsc 
changes constitute tlie process w^hich is known as 
Wtiileriun di^vrrfration, The medullary aheath 
of each fibre becomes broken down into drop¬ 
lets of fatt>'substance^ the axon undergoes frog- 
mentotiun and the fibre beromes converted Into a 
tube, the walls of which ore formed by ..the ncuro- 
lemma w^th thfi cndoncurium outside it. Within 
the tube the cells of Schwann enlarge and in- 
crease in number, while macroph3|re5, which ore 
numerous bet^veen the Sth and the a5th day^ after sectiDn qf the nerve, remove 
the remains of the axon and the myelin. The cells of Schwann become elungaied and 
appear ps overlappivfgT longitudinally orientated bands of protuplasm (Bungner'a 
bands) along the line of the nerv^e. M the tubes under^ a certain deprrec of contraction, 
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The en[a.rgcd ceLli of SdiThanri may almost h]l the fivailobic space and they protrode 
fmni the periphery] cut ends of the tlbres u'xtliirk two weeks pf the nene sectiork. 

If the cut endi of the fierce ere smured* regeneration of the fibres takes plate by the 
downgrruvih of axon processes fnjm the central cut end. The Tte%y hbres gr^^v ahmg 
the surface of the edk of ^hw'ann and gain the interior of the neuroleroTiial tube, 
beverol (ns many aa 2D hav'e been ccjuUEed) may grow down into the same tube^* 
although as a mic one, ±iorne times two, enlai^ more rapidly than the others, which 
graduaily atmphy and disappear. It h uncertain whether these numerous fibres are 
derived from a stnKlc amn or w^hether each represents a separate axon. If the latter 
proves tp be the then many of the neurnlenunal tubes in the peripliKni] cut end 
must fail to rcecjve any incoming axons and this failure would offer an additional 
explanation for the rather disapp^jinting functiona] results which often follow the 
Dperation of ueri'c suture^ 

The Bbilit>- of the central cut end to send am new fibres is not reduced if it is 
severed a second time and then sutured at any dme up ro a year after the Iniiiiil lesion. 
On the other hand, the power of the peripheral cut ends to protrude ^chw'ann cells h 
greatest if they are cut a second lime some 2-3 weeks after the inidal lesion, and 
thereafter the ability to do so slowly hut steadily declines. As a resuEt few'er fibres 
succeed in penetrating into a peripheral stump which h.is been degenerated for a. 
long period.* 

Non-mrtIuNakd Most of the fibres of the autunnfnic s>'stem, and 

some of the cerebrospinal, conaifit of the gr^' or ^e/a/i>rour nertx-fibres —Jiftrej of 
Remak. Each of these consists of an axon to which nuclei are applied at intervals. 
These nuclei are believed to be in connexion with a delicate sheath corresponding 
with the ncuralcmma of the medullaled nen^t-fibre. In external appearance the 
non-mcdullatcd neri'e-fihres are semitransparent and grey or yellowish'grcv, I'he 
individual fibres var>' in size, generally averaging about half the size of the mcdullatcd 
fibres. 


THE BODY FLUIDS 

Many fluids of widely different character and crjinposition arc present in the 
living body. Of these the majority are localtsed in their distribuiivii to a single 
system, e.g, the gastric juice is found only in a part of the digestive Sy-stem, the 
ccrcbtoispina] fluid is restricted to the central nervous s^'stem^ etc^ These will be 
discussed, so far as is appropriate in a student's textbook of human anatumv, under 
the individual systems^ but some of the body fluids have a wide distribution in 
nearly every^ part und S)%tem of the body, and will be dealt with in this section. I’hey 
include the blood, the l^TOph and the tissue fluids, but^ although stnctlv speaking it 
can scarcely be regarded as a body fluid, the bone marrow also wiU be included 
owing to the intimate relationship which it bears to the bloody 

Blood t is the most widely distributed of all the body fluids. It is encloflsed 
within, and drcuhites through, a closed system finrmed by the hean, the arteries, 
the capillarLes and the veins. All the organs and tissues of the body, with the 
exception of the refracting media of the eye, sheets of epithelium and cartilage, are 
permeated by capillaries and as the blood circulates through thenn it supplies the 
cellular elements of the tissues with nourishment^ and especially with oxygen, and 
helps to remove the waste-products of their metabolic activjltts^ especially 
carbon dioxide. Blood is an opaque, mthcr viscid fluid, of a bright red or scarlet 
colour when il flow^ from the arteries^ of a dark red or purple colour when it flows 
from 1 he veins. J t is sail to t he tattle, and alkal ine in reaction, t he pH of arterial blood 
ranging from 7-39 to 7*44. Its specific gravity is 1050 to i-060 and its temperature 
is generally al^aui 37^ C** though varying slighily in diAcrerit parts of the body. 

1 f a thin fi Im of hliwxl be examined under the microscope it is seen to consist of 
a faintly yellow fluid—the piiitnm -in which arc suspended numerous minute 
particles —tht hiaod-corpuici 4 !i. t 

The plasma is a coagubble fluid, which contains a variety of substances in 
s<ilution, both crystalloid and colloid. When blood is drawm off into a vessel it will 

• \V. Holmes (Hid J. Z. Youhb, J, . 4 flwr, Lo»il.,Tr^. ig+z» 

t For dtTsEled ricmuni 1 .. E. Wbithy irtd C, C. Elftrton, DiWr/m af tfir 
yih tdixioti, London^ i>35J . 



THE BODY FLUIDS 


45 


cloi Avithin a few minuter, through the tranaformatioti of the i^olubJc fibrirutgcn in 
the plasma to insoluble fibrin^ The latter enmeshes most of tlic red and white 
corpQseJcs and later contracta to express a clear fluid termed semm. l*his dilTcrs 
from ih(»plasma chiefly in that it containj no fibrinogen, Several faciom participate 
in the process of clotting, one of which is Ca++. If citrate or oxalate is added to 
plasma or whole blood, the calcium is bound in an undissociated form nr precipitated, 
and c>jagulation does not c^ccur^ 

1 he blood corpuscles arc of three kinds : (i) coloured corpuscles or erythro¬ 
cytes, (5!) colourless corpuscles or leucocytes^ (3) bloDd-platcleta. 

u The coloured or red corpuscles (^yihroeyfes) arc circular discs, biconcave 
in profile. The disc has no nudcuB+ bui^ in conseriucncc of its biconcave shape, it 
presents, when viewed on the Rat by direct illumination, a ccnTril area whJehT when 
the more prominent peripheral ssonc of the corpuscle is in focus, appears darit, and 
m simulates a nticleus (fig^ 524?). In stained preparations the ceninil area appears 
lighter than the pcripher5\ In dried and fixed films the average diameter of the 
red blood corpuscle is 7-2^ w^ith a range of about 6-7 to 7-7^and the thickness ts 
fn>m i’7/i to 2-5/1, The blood owes its red hue to the red blood corpuscles, UTien 
s^n in large numbers in reflected light the corpuscles appear red but when examined 
singly in transmitted light their colour appears to be only a faint reddish yellow. 


Fie. 52^—Huirwui red btood^eorpuBclcSv >: i^pq. 

UmtAincfL 
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5,500,000 in a man and 4,800,000 in a woman. The red blood corpuscles of an adult 
present an aggregate surface of ov-er 3,000 square yards. 

The colouring matter of the red blood corpuscles, which is termed hermagf^in, 
is capable of combining with oxygen to form a compound termed oxyhamoglgbin, 
and It Is by virtue of this property of harmoglobin that the red blood corpuscles are 
able to fu nctiou as the oxy-gen-cattying agents in the body. As they circulate through 
the capillaries in the wails of the air-aK'eoli of the lungs.,, the red blood corpusdes- 
take up oxygen and, ^ they pm through the captUaiy circulation elsewhere in the 
body, the lower oxygen tension in the tissues determines the passage of oxvEcn into 
them from the blood. 

If the mesentery^ of a living animal be spread out and examined under the 
microscope, the blood is seen to flow in a cominuous stream through the vessels, 
and the corpuscles show no tendency to adhere to each other or to the walls of the 
vessels. But when blood is drawn and examined on a slide, the corpuscles often, 
hut not invariUbly, collect into heaps like rouleaux of coins {%. 52, c). During life 
the red corpuscles may be seen to change their shape under pressure so as to adapt 
theniselvi^, to some extent, to the size of the vessel. They arc* however, highly 
elastic, ^d speedily regain their form w^hen the pressure is removed. Thev arc 
readily influenced lA' the medium in which they are placed. In 0 ^ per cent, 
sodium chloride solution, which is isotonic with human bload-plasma, they are 
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unaltirnrd In shape. In hypuHi^niC solutions they swell up^ become globular^ and 
finally rupnire^ owing to the passage of viaicr from the surrounding medium into the 
corpuscle (cndosTiiosis). In hypertonic solulic™, e.g, 2 per ccnl, sodium chloride, 
water passes in the reverse direction and the corpuscle shrinkii^and be¬ 

comes crenated in appearance (fig. 52^ d), llic red Idood corpuscle is believed by 
most aiiihoriEies to be bounded by a membrane enclosing the pigmcni haemoglobin, 
w'ater^ p^^tassium and other substances in a sponge-like strongs. The membrane, 
under physiokig>ciil ocmdiiions^ shows a selective permeability; for example it is 
inipermeablc to haemoglobin, K^, and the serum proteins but is freely permeable 
to water, HCQ ^ and gluoasc. According to another view; the etylhrijcyte 

consists of a stroma or S|.u>nge-work permeated by the haemoghibtn. The stroma 
and envelope consist of protein together with lipoid and other substances. 

When stained supra vitally with brilliant cresy! blue recently formed red blocnd 
corpuscitjs can be recognised by their reticular structure and are termed rttioilocytei. 
'llidr number in the blood is increased after haemorrhage or haemolysis and during 
recovery^ from nutritional anaemias provided the haemopoietic ti^ues are func¬ 
tioning normally. 

In the adult the red blood corpuscles are zdl derived front the normoblasts of the 
red bone marrow (p. 52). 

2r ’I'hc eoloxirless corpuscles^ or leucocytes^ arc of vartotis «i2es. In human 
blood the majority are father larger than the red eorpusdeSn and measure rop or 
more in diameter. On the average from 4,00c to 11,000 leucocytes are found in 
each cubic millimetre of hlE>od. 

They' are nucleated celU ond exhibit several varieties which are dilfcrcntiated 
from each other by their size, nuclear morpholpg}^ and the staining reactions of the 
cytoplasm and its contained granules, when present (fig, 5^). It is cusiomarY to 
classify the white corpuscles into throe main groups, the gTtmiilo^ytts or poh- 
morpharmrlear (eucor^ tes^ lymphocytfs and monxyfet^. The granulocytes are charac¬ 
terised by the presence of well marked chromophil granules in their cviopla^m, both 
in the living cell and in fixed find stained preparations. They arc further classified 
according to the ataining reactions of the granules and the nuclear morpholiigv into 
neuiraphilie^ eijtmophilk and hunpfiUie granulocytes. Lymphocytes and rnonMvtts 
arc often classed together as Jion-grituular leucocytes or ogranuhcy'tri. When 
stained by the Romanowsky stains^ which are complex mixtures obtained bv the 
interaction of methylene blue and cosin, they are frequently seen to possess numer¬ 
ous fine azurophilic granules in the cy'toplasm but in general they arc readily 
distinguished frrpjn the gnintdocvEcs, 

The neutropKiUc granulocytes or ncuttophiIcs arc the most numerous of the 
white corpuscles, their number, lu the normal, ranging from Tfc500 to 7,500 per cubic 
millimetre and constituting generally from 53 to 75% of the total leucocytes. They 
are both amcebDid and phagocytic* In fixed preparations they vary^ in diameter 
from 10 to li^jL and contain nuclei which consist of i to 5 lobes, often arranged in an 
S or horseshoe manner and connected together by fine threads of chrornatin, llic 
numher of lol>cs in the nucleus is believed to give some indication of the age of the 
cell, though some of the iiregularity^ may be attributable m the remarkable altera¬ 
tions in shape and form w^hieh these cells arc capible of undergoing in the living 
condition. The protoplasm contains many very' fine granules which stain with 
neutral dyes and are there font called neutrophil granules. They stain a purple tint 
with the Romonow.sky stains- 

'I'hc eosinophilic granulocyies are little larger than the previous kind and 
measure, on an average, u to i3;£ in diansetcr. They arc much less numerous than 
the ncutrophile and their absolute number in nortnal blood varies from o to 400 per 
cubic millimettx (generally 0% to 6*^;, of the total leucocytes), l^he nucleus is 
usually bilobed and the cytoplasm contains an abundance of coarse, strongly 
eosinophilic granules. 

The bflsiphliic granulocytes are the least numemtis, scrying from o to 200 per 
cubic jnillimetrcand comprising from 0% to 2% of the total leucoc3 tcs. They arc 
from 8 to in diameter and the nucleus is kidney-shaped or biiobed and often 
obscured by thf large coarse granules which occur in the cy-toplasm and stain 
intensely with basic dyes. Both these cells and the cnsinaphilic granuhicytes are 
amoeboid. • 

Lymphocytes are derived from lymph glands and lymphoid tissues amd can he 
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obscPN-cd in lymph from the thoracis: duct. 'Ilicir number in the cirailating blood 
varies from i^oqq to 4,500 per cubic millimetre where they comprise from 15% to 
60% of the total lencocvaesH The nucIcuSp which is lar|>e and stpherical or slightly 
indented, is surrounded fay a narrow rim of pale basiphilic cytoplasm^ The cells 
are acii vcly amoeboid in the body hut arc i mmobilc in su pravital preparatians. They 
axe not phagocytic. Lymphoo'tes are usually designuted iaF^r or smali according to 
their sisEC and morpholep-, 'fhe small lymphocyte is about the size of a red blood 
cell with a deeply staining nucleus and a narrow rim of clear cytoplasm whilst the 
large lymphocyte, w^hich is believed to be the younger fomt, measures 12/* to 15/i in 
diameter^ has a pale, large, round or slightly indented nucleus with more abundant 
cytoplasm around it. rniermediate types occur. It has been shown that the 
lymphocytes tijt the vaccinia virus used in Jennerian vaccination and ser^'e as its 
carriers throughout the body. It is not unlikely that other viruses may spread in the 
same way.* 

Monocytes arc generally the largest of the leucocytes and measure on an average 
lo^i to 22/i in diameter. The numl^ns in the blood range from o to 800 per cubic 
millimetre and comprise from o to 9% of the total kucocy'tes. The nucleus is 


Fro. 53.—Varieties of Icucoeyte^ found in human blgqd, sfcaJncd with 
IrishmanStain, x 1500, 
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typically eccentric and horseshoe-shaped but may iw round or oval when it may 
be difhcuk to distinguish the cell from a laigc lymphocyte. The cytoplasm is 
abundant and stains a pale greyish blue with the Rcimanowsky stain* Numeroua 
very^ fine diist-Lke reddish-blue granules may be present in the cytoplasm giving it 
a ground glass appearance. I'he cells are actively amoehoid and phagocytic. 
’VV’hen stained suprjvitally with neutral red* monocytes arc chaiacierised by the 
presence of numerous red vacuoles in the cytoplasm, frequently arranged as a 
‘ rosette ' in the concavity of the nucleus. 

The neutrophil* eosinophil and hasiphul corpusclca have their precursors in the 
myclocjies of the h«>ne-ntam>w ; they axe derived^ respectively^ from the neutro¬ 
phil, eosinophtt and basiplul myelocytes. The Ij-mphocytes come from the lympho¬ 
blasts formed in the germinal centres of lymphoid tissue. The origin of the mono¬ 
cytes is uncertain* They arc regarded by most authorities as being derived from 
the rcticulo-cndothclial system (p. 55) and by others s& modified lymphoc^iEs. 
According to Maximow f monocytes arc derived from lymphocytes and are capable 
of cjansformation into histiocytes (p. 1:^) hut this view is not generally accepted. 

3. The btood-plntdets (fig. 54) axe oval, colourlt^, refract ik discs, varying 
Lti size from 2 to 3/* and numbering between 350,000 and 500^000 per cubic mill]- 
metTu- They arc possessed of no demonstrable nucleus or chromatin material, but 
consist of a l^mogcneaus cytoplasm in w^hich are embedded a number of highly 
refractllc granules. These granules are usually grouped centrally, and in fised 
preparations they may be so closely packed as to present the appearance of a more 
or less homogeneous mass, closely simulating a nucleus. ■■ 

■ J, M. Ytiifcy anti E. R. Sullivan^ Exp, .tW., 63, 1546, 

t A. Maximc»w and W. Dlcxmi^ Tfxt-bt>ok of niitolagy^ London* 1917* 
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In rapidJy pre^rcd blood smt.'ara thuy appear as oval, rotind or irregular cor- 
pu^c& W'hkh Btajn a pale blue or mauve with dark purpk granules with the 
Romanowisky stains+ In the circulating blood they are discrete ; when the blood h 
^ ^ marked stickiness and tend to adhere to any vvettable surface with 

which they oomc in contact. Under these circumstances they aggregate in clumps 
tiistntegraic, which makt.^ the study of their morphotog)' and enumeration 
difficult. They are best studied by collecting the blood at once into an isotonic 
anticoagulant A.^tive which prevents clumping and disintergration of the platelets. 
1 hey can be stabled by the addition of brilliant eresyl blue to the fluid. The blood 
should be collected directly into a droip of the fluid placed on the skin or into a 
syringe or pipette already containing some of the diluting fluid. Platelet counts mav 
Ik; made directly in a counting chamber or indirectly bv detcrmbiing their ratio to 
the red blood corpuscles in the sample. 

Platelets arise from the megakaryocytes or giant cells in the haematopoietic 
tissue. The functions of the blood platelets are not fully understood but thev are 
know n to play an important role m the process of coagulation. Ulaen blood is shed 
and comes into contact with a wettabk surface they disintegrate and liberate 

Highly iTia|i:niRed. Kitsm a prcparntiDn made by 
i-tr, R. L. Uatcrti^id. and stained with a modificSEion of I^ishmAn^a 
»tain. 
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factors which arc concerned with others in the fonnation of active thromboplasEin, 
This, in the presence of calcium tons, interacts with the inactive prothrombin of 
the plasma to foim the cim me-like substance, thrombin, w hich converts fibrinuecn 
into fibrin, fn addition platelets are necessary for tbc retraction which the bl^d 
clot normally undergoes and it wTmld stem that these elements are essential to the 
formation of a firm thrombus. Masses of contact platelets can be found adhering 
to the fibrin netwwk formed during coagulation particuLirlv at the interseetinns of 
the fibrin threads. By ihdr agglutination in the body, platelets may form small 
masses within the blood vessels, called white thrombi, which may adhere to the wall 
or plug the vessel. They arc also believed to be a vehide for the substance sero¬ 
tonin. which ts capable of producing constriction and modifying the petmeabilitv 
of the capillaries, ' - 

Blood-groups.—The use of blood transfusion as a therapeutic measure i e the 
withdrawal of blond from one individual and its intravenous injection into another 
has brought to light the fact that human beings fall into four different blood-Eroups' 
known as O, A, B, and AB. Groups A and B are incompatihje w Ith each other and’ 
w hen a member of one group is transfused with blood from a member of the other’ 
his red blood corpuscles become agglutinated, often with a feul result The 
agglutination is brought about by the interaction of two substances in the blood 
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agglufimigai, which is carried by the red blood corposelts, artd agglutinin, which is 
carried by the plasma^ 1 he blood of group A contains agglijtinogoii A and 
agglutinin (or and-B); group B, agglutinogifu 11 und agglutinin a (or ajiti-Aj ; 
group AO, aggluiioDgcns A and IL but no agglutmins ; and group O, no agglutino¬ 
gens but both a and agglutiiuns. 

Members of group O arc often referred lit as umversa! danors sinccp as a rulL% 
no agglutination occurs when thcLr blood is trsnsfu^krd into members of any of the 
groups. Similarly members of the group AB are often designated tinhfrsal rr- 
dpients (or, as a mle^K they can be transfused with blood from any of the groups 
wtthoui harmful eirects+ These terms however arc iinsatisfaetorv, and even 
dangerousp as in both cLreumstanees dangerciiis and even fatal lenetions can occur 
when the recipient's blood contains an unusually high litre of agglutinins. In all 
cases where it is possible it is best to employ blood of the group to which the 
recipient belongs. I'hc Interrelationships of the blood groups may be expressed in 
tabular form: 


Recipients 


Donors . 
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A 

B 

AB 
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D 

0 

0 

0 
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+ 

0 
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0 
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+ 

+ 

0 
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AB 


4 

+ 

0 1 


o indiai[« saiuraeioo' tranifudotit. 

+ indicates aggEutinatien of in-going cells. 

The blood-groups occur in different proportions in different races. In England 
the O group is the largest (45-8 per cent); followed by the A group (43-3 percent .); 
the B group (87 per cent.) ; and the AB group {y% per cent.). Each group has its 
owm particular genetic basis and conforms to fhe Mendclian law's of heredity. 

Further work has resulted in the discovery of another antigen, vi'hich is present 
in S5 per cent, of individuals, irrespective of their particular bh>od-groups. [| has 
been termed the Rh antigen, as it is found to be present normally in the blood of 
Rhesus monkej's. No corresponding naturally occurring antibody has been identi¬ 
fied, but* if an Rh negative individu^ h transfused with blood from an Rh positive 
donor^ he may develop on anti-Rh antibody in his blood. If he then rcoeives a 
second transfusion frcuii an Rh pwitive donor ho is liable to suffer a haemolyiic 
reaction. It has been shown that Jf an Rh negative woman becomes pregnant and 
the foetus is Rh positive, anti-Rh factors develop in the maternal blood and, under 
those eircumatances, if the moihcrr aubsequentjy receives a transfusion from a Rh 
positive donor, a hacniolytk reaction may occur, which, if severe, may prove fatal. 
If she becomes pregnant again and the second or subsequent child is Rh positive 
then the anti-Rh antibody level in the mother's blood may be niised still further. 
In a proportion of cases the antibody is transmitted across the placenta into the 
foetal circulation. In this drcumsianee, the newborn child may develop an acute 
haemolytic anaemia, the condition known ns erythroblastom foeinfis. The first bom 
Rhesus ptjsitive child escapes this disease unless the mother has had a previous 
abortion or been transfused w’jth blood containing the Rh antigen, presumably because 
the antibody level at the time is not high enough to produce haemolytic s^Tnptoms. 

The presence of the Rh agglutinogen on the red cells is determined by a pair of 
genes Rh and rh, of which Rh is dominant, giving three possihk oombinations of 
genes (genotypes), Rh Rh, Rh rh* and rh rh in the olTspruig, As Rh is dominant 
over rh, Rh i^lutinogen will be prosent on the red cell if the genotype Is Rh Rh 
or Rh rh. U-hen the father is Rh positive (genotype Rh Rh or Rh rh) and the mathcr 
IS Rh negative (genotype rh fh)* all the children will be Rh positiv^ if the genotype of 
the father is Rh Rh^ but, jf the gcnai>pe of the father is Rh rh, there is an raual 
chance of any chlld«being positive or negative. 

Other agglutinogens have been identified in human blood* such as M and N 
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but, gs no corresponding aggludnina are present naturally ui blood plasma these two 
liav^e no itnporiaiicc in connexion with tri^jialiision. Their csistenceT liowevcri^ can 
proi'c of real value in (ncdico-kgal eases, as their detection may lead to the idcniifica- 
tion of tlw BOurcc of origin of blood-stains or blood samples^ *• 

The lymph is a colourltss or slightly yellow, watery fluid, of sp, gr. about 
I'Oi^, It is contained in lymph vessels, which commence as lymph capillaries 
in nearly all parts of the body. Its compt^iuon varies with the functional activity 
of the tissue and the region from which it flows. Its constituents are similar to 
those of plasma but the protein content is generally much lower and the relative 
proportions of the protein fractions ate dilferent. During digestion much of the 
absorbed fat from the intestine enters the lymph, which may become milkv in 
appearance and is known as c/ry/e. In microscopic examination using dark field 
illumination the fat is visible as minute globules about tft in diameter known as 
chylomicroKf. These may be seen also in the blood after a fatty The 

composition of ly'mph is similar to that of tissue fluid and the Ivmphatic system 
should be regarded ss one of iltc routes for the drainage of this fluid and particularly 
for the return to the blood of ihe proteins here which do not readily re-enter the 
capillaries. Its circulation from the smaller to the larger Ivmph vcssels'is delcrmlned 
to a large extent by the pressure exerted by the muscles during active movements 
and it therelt^re tends to be slow and iniermincnt, but the presence of numerous 
valves ensures its flow in one direction ody. Finally the lymph is poured into the veins 
through the medtunt of the thoracic duct {p. Sftz) and the right lymphatic duct, 
'I’hc chief cellular elements In Ivmph are lymphoeytcfl. These udls are identicaj 
with the small lymphocytes of the blood ; they are much more numerous in lymph 
after it hp passed through a collection of lymphoid tissue, such as a H-mph node (p. 
S79). 'l*he presence of an ticcasbiml red blood corpuscle does not imply aiiv 
abnormality'. 

I’ht- lymph vessels and tlie lymph nodes are described in detail on pp. S78 to 881, 
The tissue fluid is a colourless, watery fltiid which occupies the tissue spaces 
in aieotar and fibro-areolar tissues and the ccelomic spaces of the pericardial, 
pleural and peritoneal sacs. It is believed that its com position is approximately 
, identical with that of lymph obtained from the same part of the body. Under 
normal conditions tissue fluid is small in amount and difflculi to collect for examina¬ 
tion. Under abnormal conditiuns, such as chronic venous congestion, fluid 
accumulates in the tissue spaces pftxiucing u;dema, and can rcsidily be drawn off 
and examined. This fluid contains a relatively low' pratcin concentration as com¬ 
pared with lymph, but it must be remembered that under such circumstances water 
is no longer reabsorbed by the blood capillaries in the normal nay and the tissue 
pressure rises to a level at which flitration of protein from the capillaries ceases. 

The bone marrow is a soft pulpy tissue which is found not only in the cylin¬ 
drical marrow' cavities of the long hones but also in the spaces of the spongy 
substance of all iHjncs and even in the larger Haversian canals. It differs in com¬ 
position in different bones and at diflierent ages, and occurs in two forms, vr/forr 
mitrrtuti ^medulla ossium flava) and rtd tnarrotc (medulla ossium rubra). 

At birth there is red marrow throughout the skeleton. After about 5 years of 
age the red marrow is gradually replaced in the long bones by vcllow marrow. The 
replacement commences earlier snt! is more advanced in the more disuii 
Further, In each successive bone the replacement, in general, proceeds from the 
distal to the proximal end though some maintain that it commences in the centre 
of the shaft and extends in both dtrecttoriB hut more rapidly in the distal. By zo to 
as ycats of age the red marrow peraists onl y in the verichiac' stCrtium, ribs, clavicles 
scapulae, hip bones, skull bones and in the upper ends of the femoni and humeri’ 
In old age the marrow of the skull bones undergoes degeneration and is then termed 
gelatinouf marroa;. 

The yellow marrmc consists of a basis of connective tissue, supporting numerous 
blood-vessels and cells, most of which are fat-celb although some are marrow'-cefle 
such 0$ predominate in red marrow. 1 

The reJ tttonow consists of a framework of reticular connective tissue with 
argyrophilic fibres and attached phagocytic cells, containing in its meshes a variere of 
blood cells and their precursors and a few fat cells. Small nodules of lymphoid 
tissue are also scattered through it. No lymph vessels havebten demonstrated 
however m yellow or red marrow. The vascular supply qf the bone marrow is 
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THE BONE MARROW 


derived fnJm the nutrient arten^ to the bone and drained by the accompanying vetn^ 
The artery divider into fine branches which ramify in the rnarrow and end in a rich 
rndoihelEally lined plexus of ihiti walled sinusoid;^. A large number of these blood 
simjaes arc collapsed at one time and are frequently referred to as intersmusoidal 
capillaries, Sabin * and her co-workers believed that the formation of red blood 
cells occurred in era vascular ly within these intcrginusoidal capillaries and the cells 
normally entered the circulation only when mature, whereas the leucocytes formed 
e^travascularly. In the early embryo^ however^ the red blood cells arc formed in 
the meBenchyme and some authorities new' believe that all the celts of the blood are 
formed extravascularly. Ntrv'cs occur in the bone marrow Only in association with 
the lar^ger blood vessels. 

In embryonic: life the first blood cells, the primitive erythrocytes, develop in 
the mesenchyme of the yolk sac and chorion. Haematopoietic foci appear later in 

Fin, 55.—smCBT prepBration of normal bucnjin hnne marrow, obcoJnc-d by 
sttmiS punciurt. Composte htfure, draw-n from a number of nornid 
prepared by Dr. It. L. WarerfiddI BEld atatncd with a modificaticin 
of Leishmoit'a atain. mo^niiied. 
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the intraembry^onk mesoderm particiiilarly in the liver and spleen. After the end 
of the third month of intra-utcrinc life the bone marrmv becomes the chief site of 
the forrrmtion of red blood cells and granulocytes. 'Ilic haematopDietic foci in the 
liver and spleen normally disappear soon after birth. 

Before describing the free cells which occupy the meshes of the bone marm%v 
reticulum, it is necessary^ to consider briehy the divergent viev^'S concerning the 
genesis of the blood cells. According to the monophylctic school, which will be 
followed in this description, all the blood ceils arc derived from the a>mmon stem 
cell, the haemocytobl^t which ia present in the bone marrow- and lymphoid tissue 
and is derived from the prirnitivc mcscnchjmal cell in the reticulum. The poly- 
phyletic ^hool, however, maintains that the several varieties of blood cells arise 
from diEerent stem cells, whilst the dualistic school recognises only tw'o specific 
stem cells, one in. the bone marrow' for the myeloid elements and the other in. 
lymphoid tissue and responsible for the lymphocytes. There is general agreement 
on the mesenchymal origin of the stem cells but divergent views concerning, 
in particular^ the potentialities and interrelations of the earliest necognisahk stem 
cells. Despite considerable eoiifusion in terminology of the various stages in the 
development of the blood cjclls there is good agreement concerning their mor¬ 
phological chamcfcristics. 

F- H- Fhyf. 9, 1928- 
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jlacmricytobl^U are large cells, over i in diaincter, u'ith large Itahily-stainiriE 
nuclei surrounded by a narrow rfm of clear non-granular cytuplium. They resemble 

by sonic autfioritiis to be identical with them, 
tj . , identilvablc specific cell tn the erythrocyte series is the />rvtTv/Ari>- 

W«rf (pronotinobi^t), Jt measure la lo 15^1 in diameter and possesses q 
large nucleiu, in whidt the chramutin tends to aggregate into clumps, with a well- 
mark^ nucleolus I he cyiopksm b small in amount, basiphilic in reaction and 
r* It divides by mitosis to produce Uie early Ttvrmablaits 

(b^tphdic normoblast) tn which the clumping of the nuclear chromatin is distinct, 
but nuctrah are s^-nt imd the cytoplasm is devoid of haemoglobin. These cells 
mu t« ply by mitosis to pvg ri^ to tMermeiiiate ntirmoblstti (polychromatic normo- 
bJasts). These arc smaller cells which multiply by mitosis and display a progressive 
condensauon of the nuclear chromatin together with an increasing aeidophilia due 
to the appcaninix of haci^Iobin in the cytoplasm. Having acquired their full 
complement of haemoglobin they mature, without further division into the fare 
normoblastf (onhochruniutic normoblasts), measuring 7 to lOfj in diameter and 
distinguished by thcir characteristic aeidophilia and uniformly dense pvknotic 
nucleus. Finely, the nucleus is lost, cither by extrusion or disintegration, and the 
non-nudeated n:d blood corpufidc rcsult^^ The earliest non-nucleated red blood 
coipusclea are identifiable by the presence of reticular material and are known as 
reticulocytes (p. 46). They arc numemus in the bone niarrow (fig ce) 

The stages in the devciopinent of granulocytes are : primitive n^escnchymaJ 
«IK hacmocytoblasts, myehhlasts and myelocytes. The myeloblasts arise bv 
division of the haemocytoblasis and resemble large lymphoeytk They are motile 
ceils va^ing from i t/i to in diameter and possess a large round, or oval nucleus 
containing a delicate chrematin network and two or more nucleoli The c^ioplasm 
B d«ply b^philie and contains no specific granules staining with the Romanmvskv 
methods. Myclablasts divide and give rise to smaller cells, the myelocytes 'J’hesi 
possew an oval or kidney-shaped nucleus and progressively acquire griiul« which 
may he basiphil, neutrophil or eosinophil in reaction. Mitotic figures are common 
in the more primitive varieties of myelocytes, but when they take on their final form 
they cease divde. After passing through a transition stage [metnmyeio(vtis\ 
they- enter ^e blood stream. Metamyelocytes are numerous in the 'bone 
marrow. Lolls indistinguishable from Uie small lymphocytes of the blood form c to 
20 per cent of all the nucleated cells in the marrow t the significance of their 
presence is di^cu^sed bebw. ^ 

The mtsakaryocytes. which are giant cells with multilobar nuclei ffii; rrl occur 
m very small numbers in normal Ijone marrow. 'ITie cytoplasm is b^in^'ic aod 
the membrane which surrounds it b so fragile that it frequently tears in smear 
preparations, allowing the nucleus and the cytoplasm to become separated .Many 
^ematologists believe that the blood-platcicts are derived from small detached 
fra^ents of the cytopkism of ihcae cells (p. 48), 

Red bone marrow is thus a higWy cellular tissue consisting of a fine connective 
^ue reticulum and containing in its meshea a variety of cells representine rhe 
developmental stages of both the red and white blood alls scries. banipJcs of 
bone marrow obtained by aspiration from u sternal puncture contain, in t^ nonnal 
adult, from 2o.o<» to too,ooo cells per cubic millimetre, in which the distribution 
of the vonoiia cell types is iis foIlo^V9: 
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The presence of iympli(H:ytcs in red mariwc ments further consideration. 
AUtsough it is generally accqptcd that these cells 4rt formed in lymphoid tissue and 
pass, \ ifl the efferent lymph vessels and the thoracic or right lymphatic duct, into 
the bloodstream, there is no geneml agreement regarding their subsequent hislon\ 
The nuinber of lymphocytes circulating in the blood at any one lime can be 
estimated and tan be compared with the number entering the blcx^dstreani in a 
given period from the thoracic duct. YoEcy • has estimaTcd that the lymplwcytes 
in the btriod are replaced twice in 34 hours and the fate of this huge nurnber of cells 
(5,000,000,000 in a dog weighing 10 kgs,) constitutes a vcr>' pcrplvxing problcin^ 
No convincing c??planation has yet been offered. Recently it has been suggested 
that the small lymphocytes are immature cells which do not undergo development 
until they reach the red marmw, where they constitute stem cells for the myelocytes 
and normoblasts. Tissue culture investigations provide additional evidence that the 
snrtall lymphocytes are iminature cells but tend to suggest that their po.^ibilities are 
limited and that they form the monocstes only» 

Cons^idetation of all the evidence leads to the conclusion that the problem 
presented by the life-history^ of the lymphocyte has not yet been solved.f 


TjlJt MvcJlOrilj\GE OH RETICULO-ESnOTlIELr.VL SvsTFiM.X 


The macrophage or retjculo-endnlhclial system is a collective term for a wide¬ 
spread sy-slcm of highly phagocytic eel Is. I ts eel Is arc mimerniis and are charact eris- 
tically present in large numbers in certain situations in the body. Under appropriate 
stimulation they arc capable of detaching themselves from the tissues^ which^ when 
they are resting, they help io form and of acquiring mobility which is amoel^id in 
character. In ordinary' stained histological preparations they display no characteristic 
niorpho|ojl^‘ by which they can be distinguished with certainty. They can be 
identihed by their marked affinity' for inert particles and cenain colloidal dyes, w hen 
these are injected into the iiving animal. Inert particles such as Indian ink when 
injected into the blood stream of the living animal arc taken up bv the intravascular 
components of the macmphagc system as w'ell os by the granulocytes in the blood. 
HifFusible colloidal dyes, such as trypan blue, when injected into the vascular system, 
arc taken up by both the intravascular and ext ravasailar components of the rcticulo- 
endndiclial system. EndothLlial cells, fibroblasts, lymphocytes and many other 
cells may take up small amounts of the dye hut are usually readily distinguished by 
quantitative differences from the cells of the reticulo-endothelial system. 

In the resting condition cells of the reticulo-endothelial sy'stem occur in con¬ 
siderable number in the follotving situations; — [i) Connective tissues, where they 
have already been described as histiocytes. In neuroglia the microglial cells 
(p. belong to this syatem. In the subscrous connccLive tissue of the pleura and 
peritoneum the macrophages are frequently aggregated and appear os while streaks, 
known as ta^fipr ftiiteusts, dose to the STOall lymphatic trunks, (a) Blood, where 
they are represented by the mononuclear cells. There is evidence that these have 
migrated into the blood stream from the tis 5 t<cs and arc distinct from other circula¬ 
ting white blood cells. (3) l.ining the hhmd sinuses of the bone mamaw, spleen, 
liver (where they are termed von Kuplfer's cells), medulla of the stiprarenal gland 
and the anierior lobe of the hypophysiB. (4} In the rciicular tissue of the spleen 
and lymph nodes and (5) in the meninges, w here they are known a* mrmngorvlri.^ 

Endothelial cells in general and the circulating leuctxwtcs of the blcM^d arc not 
included in the system. 

*l’he origin and genesis of certain large cells known as the ' dust cells ^ w'hicb 
occur in the lungs and are believed to be concerned with the removal of particulate 
matter and bacteria is uncertain. Whether they arise locally or arc carried to the 
lipigs in the hlood stream is undecided. It is claimed that the blood in the right 
side of the heart is richer in large phaj^ytes than that on the left side and that most 
of the large phagocytes are removed in the lungs. 


• J. M. yofrey,j7. .■Jarti., LfjW., 70, 1^36. 

t C. K. Drinker iod J. M. Yolfey, 'MjytnpliHtics, Lymph and Lyjriphofcil Tiisue “ 
m ^SnUnnfart^ PuMic Htaith, A'c. 2, 
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On account of their amoeboid and phagocytk properties the cells of the macro¬ 
phage S)^tem fomi one of the most important defences of the body against micro¬ 
organisms, Under appropriate stimulation the cells proliferate freely, [n addition 
there is evidence that they are concerned, along with other cells, in the pAduction 
of antibodies. Repeated injections of particulate matter Into an animal can * blocfc " 
the normal function of the macrophages, so that subsequent destruction of micro* 
organisms is hindered. Though the deslmctiofi of 5^cd red blood cells b believed 
to occur in the drculadon, it b eJaimed that the released haemoglobin is normally 
removed and metabolised by the macrophage E^'stem^ This results in the production 
of bilirubin, which b excreted by the liv'cr^ and the accumuktion in the cytophiBm 
of the macrophages, until required, of d complex iron-containing pigment called 
Jerraiin. 'I’hcre is evidence also that the macrophage system Is concerned in the 
metaboliam of Lipoidsit b extensively Involved in certain dborders of lipoid 
metabolism. 


EMBRYOLOGY 


INTHODLXTION 

T HK series of chatlgcd ivhich coputlilutEs the devdopment of the human bcHiy 
comnitiiL'CS when the female germ-ccii^ or ovum, is fertilised by a male 
germ cell, or spermato^soGn, and tenninates ’when the adult condition is reached* 
Embrii^ology deals with the changes w^hicti occur prior to the binh of the 
child. 

'iVo processes^ intimately associated with each other although cssentmlly 
distinct^ arc responsible for the transformation of the single-celled ovum into the 
complex form of the newly bom child. These processes are fi) and 

(2) Growth, with certain exceptions to be noted later, involves 

inctease in size brought about by ceil divisEon and La dependent on the ingestion 
of a sufficient quantity of the appropriate t^-pe of nourishment. 'Ilie process 
of growth is not a iJimpk one. For in certain situations it must be accompanied 
by a process of ab®;>rplton, which is just as much an indication of growth 
activity as increase of size. For example, as the mandible increases in size, 
the anterior part of its ramus is constantly being remodelled by a process of 
absorption, while the opposite phenomenon of bone deposition is occurring 
along its p«>S(erif>r Iwrder^ 

Differentiatton is the process whereby a group of cells assumes certain special 
charactc riatics wh ich enable them to carry out some particul ar fun ction- 11 was long 
believed that all the admufi which lead gn>ups of cells to undergo differentiation 
were inherent in the cells ihcmselveft and were directly due to an hereditaiy^ factor, 
but this view requires considenible modihcaiion in the light of recent experimental * 
work. The earliest cells derives! from the fertilised ovum are foWf^tterti, i.e- any one 
of them may go on to form a complete embryo, but this stage is succeeded by a 
transient phase of phsfidty\ in w-hich cell groups, tkmgh no longer totipotent, 
remain pluripotcnt and, though destined normally to form a particular type of liasue, 
may form a totally ditTcreiU tissue if exposed to abnormal inhuences. The stage of 
plasticity passes into the stage of chemo^iffmiiiiathnf in which there ta a redistribu¬ 
tion of certain of the chemical constituents of the cT,ioplswm and the potencies of the 
cells become further reduced, I'heroafttT groups of cells undergo visible differ¬ 
entiation (indicated by changes in their histological characters or by a modiffcation 
in the arrangement and shape of the group) and this can frequently be shown to be 
dependent on some altemrion in their ctlvironinent_ Under normal conditions a 
patch of the head ectoderm w hich overlies the developing optic vesicle undergoes a 
scries of cliangcs and givt'S rise to the lens. In the frag (Rana fusca) transplantation 
of the optic vesicle into the tissues of the abdominal wall results in failure of the lens 
to dev elop in Its normal site but the ectoderm under which the transplant lies forms 
a lens in the ordinary w^ay* This is an example of dcpendt^nl diffrrvTtttafjon and many 
other examples might be cited, 

Spemann • has show^n that the cells situated in the dorsal lip of the blastopore 
determine the position of the axial struciures, the brain, spinal medulla, notochord, 
Bomitesj eic,p which represent the most fundamental parts of the embryo. They 
exercise this determining inffuence by elaborating a chemical aubstance tvhich acts 
directly 10 induce the formation of the notochord and acts indirectly through the 
notochord to induce the differentiation of the covering ectudenn into neural tissue, 
'rhis organising pow-er of the cells of the dorsal lip of the blastopore can be exercised 
on tissues of^ other embry'u<Sp provided that iheir cells arc sufficiently plastic to 
respond, Spemann.f working on amphibian ]ar\:e, transplanted portions of the 
dorsal lip of the blastopore into an undifferentiated region of another embryo. As a 

• H. Sprmdnnr Mtch,, 41, 1918, 
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result the trdtisplunt and the tis^^ucs of the host interacted on one another in auch a 
way that asecondaiy^ inenin pieic embryo, with neural tu be, no toe ha rd, somites, etc,, 
formed in the tissues of the hfMtn This, and other experiments of a similar nature, 
demonstrate the latent potencies of undifferentiated cells and the organising power 
of the cells situated in the dorsaj lip of the blastopore. 

At a later stage, when funetJanal activity has been established, further differentia¬ 
tion occurs in response to stimuli produced Ln this w-ay. Thus, after the estah|jj;h- 
ment of the blood-vasciilar circulation, the walls of the arteries become difTcrontiated 
and they thicken in response to the rising arterial blood-pressure which is associated 
with the increasing force of the heart. Such changes may be regarded as examples 
of Junctional 

Many dssup of the sdult body retain their potencies to a large extent and are 
capable of taking on new characters when an appropriate stimulus is received, 
always provided that their cells arc still able to reproduce themselves. Such processes 
frequently occur in the formation of tumours and In other pathological conditions. 
They serve to demonstrate that the individual oelb do not possess any inherent 
tcnUeriEy to take on special cbaractcnj hut that their future depends on their potencies 
and thcLr environment. 

Differentiation is the result of the activities of certain gnn^th organises, such as 
the dorsal lip of the blastopore, but it Avould appear that the latter are unable to 
control the growth after a certain stage has been reached. For example, a portion 
of an optic vesicle, if trunspknted, may continue to grow^ and may give rise to a 
complete vesicle, independently of the environment in whicli it may be placed. 
If it fails to behave in this way, the transplant dies and is absorbed. The regulation 
and control of the extent of growth prace$^ arc apparently effected by the hor¬ 
mones secreted by the ductless glancfe^ but nothing Ls known of the way in which 
they exercise their inllucnee. 

The importance of embryology.—To the student of medicine the study of 
hunian embryolog>’ i$ of real value, for it renders intelligihlc many of the facts of 
human anatomy which are othcnvise meaningless or anomalous. In its early stages 
the body of the embrj'o exhibits an almost perfect symmetry^ which^ owing to a 
^ vancly of causes, becomes considerably obscured in certain regions of the body in 
the adult. The normaJ processes of development supply not only the reasons for 
these differences hut also the explanations of those departures from the iu;»rmal 
which constitute congenital abnormalities or defects^ 

In addition to its value as an aid to the interpretation of human anatomy, embry¬ 
ology possesses impfjrtancc on account of the cv^^idence which it provides regarding 
the phylogeny of man. The changes which any embryo undergoes in the course of 
its develop men I repeal—often^ it is true* in a very abridged form—the changes 
which occurred in the embry^os of its ancestral forms. I'he embry^os of all verte¬ 
brates exhibit a stage in which gill-arches and clefts arc present m the neck region. 
In a&hcs the cleft membranes break down and the gills develop and persist as 
essential functioitaJ structures In the adult form. In all air-breathing vertebrates 
this stage, although transient, nevertheless occurs, but, in the human embiy^o, 
the cleft membranes never break down^ In many cases the constituent parts 
of the arches become modified and adapted for new uses, a remarkable and 
noteworthy fact to which reference will be made repeatedly in the following 
pages. 

Having rc^rd to the main purpose of this w^ork, it is impossible, in the space 
available in this section, to describe or illustrate Fully all the changes which occur 
during the development of the human body. Only the principal facta are given, and 
the studeui is refetred for further details to one or other of the text-books * on 
cmbryolog)'. 


THE OlTTiM 

Tlie ova develop In the ovary, which is the sexual gland of theTfemale. The 
primordial sex cells arc differentiated at a very early stage of development {p. zii) 
and by their repirated division gi^e rise to a number of smaJJer cells, termed 

* Munufd v/ EmAryti^o^\ J* E. Fraier, igji ; Numatt W J. Kiunib^tn 
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oof^oniii. After a time the oQgonibim ceases to divide and passes thmii^jh a 
resting phase. It has now become an oit/ffl or prim^' udeyte^ and the cb^ges 
which it subsequently undcrgcies constitute the maturation or ripening of the ovum. 

Ilumln ova van^ from about 117^ to 142^ in diameter, according to their stage 
of development. I'hcy are containi^ within the vesictilar {Graafian) follicles of the 
ovaries ; as a rule each follicle contains one ovi^m, but sometimes two or more are 
present. Each ovum is at first invested by a single layer nf cubical cells, termed the 
joUkutoT layer \ these cells by multiplication form several layem. At a later stage a 
cavity filled with Hu id appears amongst the celts^ and gradually splits them into an 
inner stratum, temieJ tlie annulus at>aTkus^ and an outer, termed the stratum 
granulosum \ but at one place the two strata remain in continuity. The stratum 
granulosum is enveloped by a sheath derived from the stmma of the ovary • 
(fig. 56) and termed the theca f^lUcuH, By the cntargenient and subsequent rupture 
of a rollicle at the surface of the ovary, an ovum,,surrounded by the cells of 
the cumulus, b liberated and enters the uterine tube, through which it is 
conveyed to the cavity of the uterus. Unless the o^um is fertilised it is 
discharged from the uterus, but if fertilmtion takes place it Is retained there 
and is developed into a child, which is bom at the end of ten lunar months 
of twenty-eight day's or nine calendar months. 

Although the ovum (fig. 57} is very rntich iarger than the ordinary cell, 
it resembles it closely in structure and general appearance, but distinctive 
names are given to its several parts ; thus, the celbsubstancc is known as the 

Fm. 56.'—A fiEctean threuRh an wvmrian fnSliele of a 
cat- 


yolk or ouplasm^ the nucleus as the germiuid tmtcle^ and the nucleolus ^ 
the gmmnai spot. The ovum Is surrounded by a thin vifelk'fic m 0 nhrunr outside 
which IS a thicker^ transparent envelope named the itona pflluada. When the ovum 
is liberated from the vesicular follicle^ several layers of cells, derived from those of 
the cumulus ovaricus, adhere to the outer surface of the 2 ona pclluctda, and col¬ 
lect ivciy constitute the corona radlata. 

Usually only one follicle matures fully and ruptures in each mensirual cycle but 
in the same period scV'cml follicles, although devcbping normally for a time, sub¬ 
sequently show atretic changes and dt^nerate. Tliey are invaded by blood vessels 
and connective tissue which ultimately replace them. 

The yolk com prises ( i}cyfopi&sm similar to that of the ordinary animal cell (p. i) 
and frequently termed the Jarmatlve yolk ; {3) deutoplasm or mtntwe yolk^ w hich 
consists of fatty dropleti^ containing lecithin—a phosphidipin closely aiJiKi to and 
found w'ith the animal fats.-f In the mammalian ovum the deutoplasm ia q 3 ctremely 
■ For further particuliirB, ace dcAcriplion of the avarv und^r HplajicK^ ology, 
t Arthur Kotlitlxon. f/Vor. SiiC. Great Brilaln and irriaiid^ 1 93 St P- 1*9) has shown 

Unaatunitcd fat, dtTnorutmblE by osmic acid, u practically absent from humdtl ova, and 
frcini thi; ovn of mts and mice, buc is prewjnt in tar^ amount in the pva of dogs and fetmi 
where ix forma the E^atcr part of the volume of the nva. ' 



Tkeea /oUTinrh 


Baminal 


C^IrrfWiM 




EMBRYOLOGY 


5a 

small in aniount, and nouriiihes the embryo in the early siaj^ of its dcvtiopmenc 
only, whereas in the egg of the bird there is sufhdent to supply the chick with 
nutriment throughout the whole period of incubation. The mode of diatribution 
of the deutoplasm within the egg varies in different animals ; it is almost Uniformly 
dispersed throughout the cytopbsm* A cfutmomt and ctntrioi^ are someiiines 
present and lie in the immediate neighbourhood of the nucleus ■ the centriolcs of 
the ovum disappear when the female pronucleus (p, 60) b formed after fertilbation. 

I'he nucleus or germinal vesicle b a large spherical body which usually 
occupies an eccentric position in the yollt. its structure is that of an ordinary cell' 
nucleus^ viz. it consists of a reticulum or kaiyomitome the meshes of which are 
filled with kaiy'oplasm. Connected with, or embedded in, the reticulum there arc a 
number of chromatin masses or chromosomes, which may present the appearance 
of a skein or may assume the form of rods or loups. The nucleus Is enclosed by a 
delicate nuclear mcmbninc, and contains in its interior a well'dchncd nudeolus or 
germinal spot. 

Fig. 57,—A human ovum itfilniKl whh Mflltoiy'suniline blue. >f6oo. Dniwn 
fratn i specimen kni by Frofessor Atthui I'homton, University orOxfEiid^ 
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TflE COVERINGS OF THE OVUM 

'Fhc atofia peJlucicfa or zona striata (fig. 57) Is a thick men^bnane, wrhich, 
under the higher powers of the inkn>scope, is seen to be radially striated. 
Between It and the cytoplasm of the ovum there Is a narrow perwit^'fime ipac^, 
filled with fluid, in which the polar bodies are seen lying after their extruBion 
from the ovuin+ * 

The corona radiata (fig. 57) consiata of nvo or three strata of radially arranged 
cells. These cortgist of the cells of the cumulus ovaricus w'hich adhere to the outer 
surface of the zona pelluclda when the ovum b set free from the vesicular follicle. 
The cells of the innermost byer arc columnar in shape, and adbd dehcaie processes 
through the zona pciluclda,. thus giving the btter a striated appearance. 
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THE MATURATION OF THE OVUM 

ficf-nrttun ovum or prinniry oocyte can he fertilised, it must undergo ^ process of 
maiuTution or This consists of a preliniinary stage of growth during which 

the ovum increases greatly in sizc^ followed by the process of mt^hds (p. s) which 
compnses fim a heterotypical and then a homot>^iciil division. 

5 S,^A diaHfaFn *h&win|f the mfuciimi ie number of the ehrtimosorncs during 
the mjiturfltioii ef the o'^'UCrL The first divisian h heterotypicul, the acCond 
hnrrvotyt^ica]. 



During the stage of growth, changes occur both in the nucleus and in ihcr cytes-- 
plasm. The changes in the cytoplasm result in a great increase In the size of the qelL 
Its metabolic processea become extremely active, and a store of nourishment is 
accumulated w’hich is necessary for the supply of the ovum during the early stages 
of its development. The essential feature of the metabol ic activity is the /{irmafion of 
dfutopiasmy but at the same time tbc amount of protoplasm increases^ and the mito¬ 
chondria become much more numerous. 

The changes in the nucleus affect chiefly its chromatin content and they havc^ 

* to a large extent, been described already (p. 5). It will be remembered that the 
number of chrornosomes found in the nucleus is constant for all the cells in an 
animal of any given species, and in man the number is forty-eight. This appltei^ 
not only to the somatic cells but to the ougonia and the primary oikyics also^ In 
the latter two of the chromosomes possess distinguishing features and are known as 
the r-chromosomes. During the conjugation of the chromosomes in the prophase 
the r-chramosomes pair together^ 

Having passed through its period of growth, the primary^ oocyte is now ready 
to undergo its first meiotic division. Near its upper pole the paired chromosomes 
amiiige themselves in an equatorial plate with reference to the spindle, which is 
placed mdiallyv The chromosomes separate and one member of each pair passes 
centrally, while the others pass outw^ards^ forming a projection at the upper pole of 
the ovTim, w'hich becomes separated off to form the pokit body. The division 
of the cytoplasm^ unlike the division of the nucleus, is unequal, and the polar body 
only carries with it a small part of the cytoplasmic content of the oviimH Following 
this reductional division the nucleus of the larger cell, which is now a i^condary 
o 6 cy£g, is not reconstituted before the cell again dividc^^ Its chromosomes rearrange 
themselves in ^ equatorial plate at the upper pole of the cell, preparatory to the 
second mctoUc division. The ovum is lit^ratcd from the vesicular follicle at this 
stage. In man as in most mammals the second meiotk division is completed in the 
uterine nihe and probably only after fertilisation,* In this division the chromo- 

■ E. AUco, J* P* Pratt, U, Newell dmJ L. J. Blend, Eitsbrytfi. Cameu^ Imm 12 
19^0 J W. J. Humihon, J. Ami. Loffd., 7^, 1944, ' * 
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somK, alreadj ruduceU to half the somatk niuntwr, split longitudinally and the 
division of the nucleus ts equal but again the cytopla^ divides unequal!v so that a 
second palathody js formed [fig, sS). Tiie latgcr cell, which has lost bui little of iu 
cytoplasm, is the ovum and lies within the aona pellucida, together with the two 
polar bodies, or three, if the first has succeeded in dividing, as it do® in some species. 
The chmmosomts of the ovum lose their identity at fertilisation and form a reti¬ 
culum, ranstituting the female proHucleus, At this stage the mature ovum is 
chamcicrised (j) hy the number of iis chromosomes, whicit is just one-half of the 
typical number for the somatic cells of the species, (a) bv its gR'at size and the large 
amount of cytoplastn relative to tJie siic of the nucleus,' and {3) by the presence of 
tlic dcutopLai&m. 

THE SPERMATOZOON 

The i^pennatozo^ or j^erm cells arc developed iin the tcffUis and arc prueent 
in enomsous numbers (nomully so.ooq 150,000 per r) m semmal riuid.* Each 
consUts of a small liagclbted cell and pn«t&i-sse3 a iigad, neck, hafv or mtdd!e piece, 
and a (aii (fig, 'fhe head is about 4^ Umg. It is 
ovoidp but h flattened near its fret extremity so that 
when viewed in profile it is pear-shaped. It consists 
mainly of the fUicleus covered by a layer of mndtfied 
protoplasm which is divided into two partSp the 
cap or aermomt and a posterior cap or postnuclear cap 
which meet one another about the middk of the head 
(fig. 60A and u)^ The neck is about 0.3^4 long, slightly 
consiricicd and the most fragile part. At its junction 
with the head and body respectively are ihc anterior 
and posterior eentrioles, the formerconsisting of three 
l)asaJ granules. Traversing the neck, body and tail is 
a core of fibrils which constitutes the axtai fifamcut 
^nd this is probably the main element responsible for 
the motility of the cell. The as.ial filament in the neck 
consists of three bundles of fibrils, each associated with 
one of the basal granules in the anterior ccntriole. The 
body is cylindrical in shape and about 4/4 long. At 
its junction with the tail is a termmat riag. The fibrils 
of the axial filament, in the body, are arranged as two 
concentric cylinders each of 9 fibrils around a central 
pair of fibrils (fig* 6crj). Surrounding them is a lipid- 
rich spiral sheath, believed to be derived from the 
mitochondria and therefore termed the fftitochondnai 
sheath (fig. 60 a and c), In the mil which is about 37^1 
long, the axial filament is Cfjmposcd of a centml pair 
of fibrils surruunded by a C} 4 inder of 9 fibrils (fig, 

60c). These arc covered in most of its length by a 
thin protoplasmic envelope beyond w hich the fibrils project freely as the end piece. 

fipermato:soa show no independent motility in the male geniisl Tract but display 
it inunediately after cjacuktiorip In addition to the independent motility dtie to a 
continual rhythmic spiral movement of the tall, dense sperm auspcnaiojis show^ a 
wave-like motion of the sperms which tend to be orientated against the curtent of the 
fluid. The spenns undergo a process of ripening in the male gcnitsil tract which is 
probably continued in itie female genital tract. jWociated with the ripening in the 
male genital tract tn some mammals is the backw-ard migration along the surface of 
the head and middle piece of the sperm of a small mass of cytoplasm termed the 
kinupfasmic dropteK lliis ultimately dkappeara. Hy their free movement sperma¬ 
tozoa ascend from the vagina into the cavity of the uterus^ and from the latter in to 
the uterine lube. Their survIvTil in the female piissages, however, is limited to about 
one lo tw'o day^. p 

TKc spcnnaioacM arc developed from the primordial germ-cel la [p. an) em¬ 
bedded in the tastes, and the singes of their development are very- similar to those of 
the maturation of the ovum. The primary' gcrm-cella undergo division and produce 
a number of cells termed spermatogi/uia. * ^ 

* For detail* see 'I'. .Vljirui, BiacheHutir^^' of Setwit, London, 1954. 







THi- SPERMATOZOON 
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flection of the hE^ fccn in pitifile ; the «ntcHor part ig covered by the ac^Kornal 
Cflp. K 20 , 00 o ; (B) [^tfiEpiudinfil action of the poEt^nor pait of tht htmJ, neck 
and totenor pan of the middlf pim. The ajihi filimmt k uen wrtoiifidcd 
by the mito^Qodnal iheath which hui been cut ^mwb. The ovel body at ihE 
njfht EKie of the Jtedi may be li oeniriole. k 30,000 j (C) A partly tontientuil 
xction of the pdstcrtDE part of The middle piece iho^ inj; the spiinl form of ihe 
Iiutn^ndrial shEath. In ihe lo^-cr part is ihe bepinnin^ of the tail piece in 
which the axial RIament ts surrounded u [apc 4 ikc heJix. x ; and fOj 

Tmni verse scErdon of (i) the middle piece ahowinjiE the two centra] fibrils 
surrounded by nme pertphcml fibril*, each of which is believed to be composed 
of tw o cWy ^actni Rbrib. l^bese fiferib arc tberrweb ca surrounded bv nine 
Ea^r fibrils which ere seen m Eon^itudbial section in outiide ihese ia the 
mitochondrial sheath (ii) the uU fdaroEnt aurrtiuiided by 3i denjie mernbnuic. 
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6a EMBRYOLOGY 

After a number of mitosea the ^rrmtagonla enter an a retting phase ajid 
gradually ctuinge^ without further division, into primary ipermrUactfUi. During thia 
period the cell body enlarges, the mitochondria increase in number, and the 
centrosomc, previously diffioilt to idcntil^i becomes easy to recognise^ The 
fiuclear changes of the lirst meiotic division have already been described (p, j), but 

it is neocssar)' to add that the chromosomes of the primary spennatocyte include 
two sex chromtH^meSp one of whjchp the x-chromosome, is identical with the sex 
chromosomes of tlie otigonia ^ the other is very dimiuiitive and is termed the^^- 
chromosomc. During conjugation the x- and the y-chromoaomes become 
mated, k should be stated that many authorities have denied the osistence of a 
y-chromo&Dinc in maOp and believe that during conjugation the x-chmmosomc 
dc^ not mate. However^ Severinghaus * has brouglit fonvord strong presumptive 
evidence that the y-chromosome does in fact exist and daime.l that the sex 
chromosomes represent the karyosomes of the nucleus of the spermatogonium. 

The primary spermatocyte now undergoes its first meiotic division, giving rise 
tij two apparently equal srioinimy tpermat^yiei, each of which possesses one- 
half of the number of chromosomes w^hich is typical for the species. When 
division occur^^, the mated x- andy- chromosomes separate and pass to opposite 
poles of the spindle^ so that one becomes included in one secondaiy spermatocele, 
and the other in the other. After a brief resting phase each secondary 
spermatocyte undergoes a second raciotic division, forming tv^^o ^prrmaii^. 


Fi«, —The TitmFLformKtion qf m spermatid into b. ■permAiozodn. DiBfnwunia-Eic, 

{^t(>dj£iffd rmm JVlcves,! 
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Division aifccts the x- and j- chromosomes as well as the others, and of the 
four spermiitids which result from the division of each primary apermato- 
cy^ie, two possess x-chromoaotnes and two possess y-chmmosomes, w hilc all 
four contain Iialf of the number of chromosomes which is typical for the 
species- 

The sptrmatida arc eonverted without further division inm spcrniDtoimB. The 
complicated morphologieal changes occumtig at this stagi: are ivn&cd spcrmnUlec^ 
bl )-- 'VUft omerior cap is derived from the Golgi apparatus which fiattena itself 
over the anteripr part of the nucleus which forms ihq head of the speotiatozoSfi, 
HcTTmnnts of the Golgi apparatus arc believed to be included in the kinopkimie drop¬ 
lets. The two eentrioki, at first lying side by side, alter tbetr pnstdons so that one 
•A. Er f^veringhaus, Amrr^y^ Anal., 1^41. 
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com® to be pldced dccpirr than the other. Aceoridini^ to one vjew the dtepe/ centriole 
bceoitics the anterior centdok of the whilst the axial filament: priws out of the 
^uperfictflJ c!)cntnole which divides to give the pcjstcrior ccntriole of the netilc and the 
letTninal Another view is that the axial hlatnent is derived from the two cuntrioJea 

coiyointly, cive deeper one of which becomes ihe posterior ccntriole of the nccic whilst 
the more superficial becomes ring-shaped and migrmtes to the junction of the body and 
tail to become the tentimiiil ring. .According to this vic^ the centriokr nature of the 
so-caUed anterior centriok of the nedt is doubtfu] bul the gmnules of which it is com- 
pfjised are present in the early spcmiatid and ct^nnected with the anterior ccntriole.* 
The mitochondria collect iirounJ the axiaf hlamcnt to fomt the spiral sheath of the 
hotly and the cytoplasm forms the investing sheath of the body and tail. 

On compiring the development of the spermatozoiin with the maturation of the 
Dtmm or primary oocyte (fig, 62 ) it will be observed that the primary spermatocyte 
gives rise to tivo secondary spermatocytes^ and the primary oiejte to the secondary 


FlO. SSr—A ichctiie shmvjng the irmlcgics in ihe proccfts of matUfUti^Hl of the 
ovum and the dev'eiopment of ihc spermatids (young spermalozoa). 
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oikryte and the first polar tmdy ; the two secondly spcnnatoc>^cs give origin to 
four spermatozoa^ and the sccondaxy qdeyle and first pokr body to Four ccllsj the 
matun; o%iim and three polar bodi^. In the development of the spermatozoon^ 
and in the maturation of the ovum^ dicrc Ls a reduction of the micleftr chromosomes 
to one-half of those present in the parent ceifi and in each case the reduction is 
preceded by a process of conjugation of the chromosomes. But here the similarity 
ends, for it must be noted that the four spermatozoa arc of equal siz^ei, and each is 
capable of fcrtilisbig a rtiatute ovum, whereas the three polar bodies are much smaller 
than the mature otoim^ are incapable of further development^ and may be regarded 
as abortive ova+ 


THE FERTILISATION OF THE OVUM 

Fertilisation consbts of the union of a spermatozoon w ith an ovum (fig* fij), and 
this takes plate in the lateral or ampullary part of the uterine tube. 

In mammats only one spermatozoon usually succeeds in piercing the vitelline 
meinbmnc and entering the osiim. I mmediately fol lowi ng pencitstion by the spe tm 
a space — the peThpitefhne spa£^e — appears between the zona pclltieida and the vitelline 
membrane. Once wnthin thco\uni the ht^ad and neck of the sperm become detached 
from the middip piece and tail* which soon lose their identity. ITic ultimate fate 
and significanLx^ of these two pans in fcttilisadon is unknown. I'he second matura¬ 
tion dh'ision, initially in mctaphasCp is completed after the enin^of the speimatozodn^ 
and the second polar body is extruded into the peri vitelline space. At the same time ^ 
the head of the spermato^odn sw'dls and becomea the malt pramekus: 

■ J. U, Gatenbj'^ md K. W. Branw, QuartAistr.Sei^ ySp 
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The male arid fcmde pronnclci approadi ai^d come into contact vAih ^ch other 
and lose their nuclear meinhrajies. Tlic degree of fusion of the ttvo nuclei to form a 
single xegmentatwn ntufriu ^Tirics in different aiLimals. A& a rule their chromosome 
groups remain separate in the prophase, Meariwhilc a centrosome^ bcliewd to con^ 
tain the anterior centriolc of the sperm appears between the groups, divides and 
forms the brat segmentation spindle on the equator of which the chromosomes 
arrange themselves. The chromosomes on the spindle now constitute the typical 
number for the species i one half of this number has been derived from the ovum 
and the cither half from the spermatozoon. These chromosomes then divide and 
retreat from the cqnatnr in nppfjsite directions and the cytopl^m of the ovum seg¬ 
ments into two daughter cells or hlostomercs of nearly equal size. The ne.'ct stage, 
vjz,p the segmentation of the ovum has now begun. 


Fig. 6 j.—T he ptuccss of fcitilisfluoii in a marnifialiafi ovum. Diagrammatk. 
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In many mammals, anti probably also in man, there would appear in he an 
excess of yvlU in the ovum at fertilisation and a quantity of deutoplasm is extruded 
into the peri vitelline space immediately prior to the first segmentation^ This process 
IS termed deutf^pla^tiofysis^ 

The role of the ebromosomeSi—It is generally believed that the mature 
o%*um contains within itself all the materiflls essential for the formation of a new 
being, and in the lower forms at least may produce such* when its potential energy 
is converted into free energy by suitable mechanical or physico-chemical means. 
Lf)eb and others were able to imitate the process of fertilisation In sea-urchins^ 
frogs^ etc., by altering the osmotic pressure of the unfertilised o^hTim. 

Reference has already been made to the fact that the spermatozoa^ in equal 
numbers* contain either an or a y-chmmosomCi and that the mature ovum con¬ 
tains one jr-chrornosomc. If an ovum be fertilised by a spermatozoon containing an 
x^hromosomc, the cells of the embry'o will each contain two x-chromoaomes and 
the embrvo will be femalcp but if an ovum is fertilised by a spermatozoon containing 
a y-chromosomCp the cells of the embryo will each contain one x- and one >■- 
chromosome and its sex will be mate. ^ • 

This, howevert is not the only factor involved in the determination of sex^ The 
theory advanced is that the chromosomes contain materials w hich Initiate and con¬ 
trol , by chemical means^ the processes that lead fcn the development of the various 
tissue# and their individual pk:Liiiarities. The establishment of a aex-difTerciiee is 
thcreforep in the first instance, dependent on a specialised chromosome, but the 
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development of the sexual features at a later stage results fiojn the presence of 
spccialiBcd chemical substances in the chromosomes- 

The p^l^ty of the feetJlified uvum. is fixed at a ver^' early sto^e, and it would 
appear that^ in many ansnials at leasts the plane of bilateral symmeTry is dctcmiincd 
by the line of entry of the spermatosec^. Nevertheless it must be remembered that 
the cells derived from the ovum by its early segmentadons arc lotipaicnt. Conse¬ 
quently □ fertihsed o%Tjm may liitcr divide into two equal parts, each of which may go 
on to form a cumpIcTc embryo (utit^rtuiar iuins), although under normal conditifons 
it win only give rise to a single embiyo. 

Heredity Human Genetics,^—before the chromosomes had been dif- 
cavered, bather Gregor Mendel (i&za-] 3&4} had pustulated, as the basis of hi^ explan¬ 
ation of the phenomena of heredity^ the presence of certain factors in the aex cells 
which have stnce been termed gms. The siudy of heredity, from the genetic 
aspect, become greatly intensified since the discovery^ of the chromosomes 

and the investigaTion of their behaviour. M a result it is now widely held that 
the genes forc-shodow'ed by Mendel do in fact exist: that they are home as 
ultramfcroseopic particles by the chramo^imcs in all the cells of the body : and that 
they arc tronsnuited from parents to offspring in the chromosoniea of the sperm 
and the ovum. 

Each chromosome carries a number of genes in a h'near sm'fs and the 4>t 

chromosomes of man constitute 23; genetically homologous pairs {or and a 

pair of 5*sf eftremi^somfs, one member of each pair being paternal snd the other maternal 
tn origin r Corresponding genes, ustially termed aiMomorpin, occupy exactly the same 
position relative to the centromere <p, 5) in rheir respective chromosomes. It h to be 
ohscrs'ijd that, although in the female the two sex chromosomes are homologaus, In the 
male die and y- chromosomes differ notably in size (p. 62) and the jv-chromosome 
carries a number of genes which are not represented in they-chromoBome and which, 
on this account, cannot be essential to the oidinary life processes. 

Each gene is concerned with at least one speclhc character and with regard to it the 
corrqspoTiding genes^ or allelomorphs, may be (i) both dominant, in which case 
the character is clearly expressed in the individual ; (l) both in which 

case the character Is presenr in a mndified form and may or may not be recognis¬ 
able LO rhe individual; or (3) one dominant and the other recessive, in which case 
the character is always clearly expressed, because the pineer 0/ the domimifit fo exprea 
if self is fhart the potcer &J ike retetstte^ Jf both allcloinorpha have the same ^ 

value, eitlicr dominant or recessive, the individual is said to be hamozyg^Nis in respect 
of this particular chameter, hut if one is dominant and the other recessive, the term 
heterosygatis is employed. 

'I’hc partfcular charocEer associated with a recessive gene may be, and often is, 
more conspicuous than the character associated with its corTTsponding dominant Fdr 
example, red hair is associated with a ncccaslvc gcncj and red-haired individuals possess 
both allelomorphs concerned in the recessive state, whereas dark or fair-haired 
individuGLls have one (heteTOsygotcsi) or both (homozygoEcs) of the same genes in the 
dormnant condition. In tlic notation of Genetics a red-haired uidividual is designated 
' IT whereas dark or fair-haired individuals are * RR * (bomoxygotes) or ^ Rr * 
(heienoxygotes), dommants being Indicated by capital letters and recess!ves by small 
letters. 

In certain rare diseases which arc known to be hereditary, e.g. Friedreicih^s ataxia, 
the gene concerned is recessive. The inccdence of this di&eose is bo low that die bulk 
of the population iniuti be homo^^gnics with regard to this particular character, both 
genes being 'contra^. As the subjects affected rarely ma^T>^ the disease occurs 
aporadically in the oflspring of healthy parents. Both such parents must be hetero¬ 
zygous in this respect, as it is only in such an event that the tw^n recessive genes hove a 
chance (i : 3) of coming together. Careful ins'esugation into the family history ir> 
these cases has shown tliat the disease has pccmrcd amongst the forebears of both 
patents—usually of the some family—snd on this account intermarriage of first 
cousins or more distant relatives In affected families should olwa^'S be discouTitensjicedp 
for there la, as yet, no known method of distinguishing between an unalTected homo- 
zygotc and a heterozygote. 

.As each chromosome contains a large number of genes, neighbouring genes in the 
linear series will alivaj^'S tend to W incorporated in the same chromDSomeB, w'hether 
they are affected liy the ' cross-over (p, 6) or not. The corresponding characters will 
therefore tend to appear ingccher in the same individual and they are said to be linked. 

■ A full diseusaian of this subject would be out of place in a textbook of Hurruin Anatomy 
^d n^athing more than ihc inereat oudine of the elcmentaii^ principles of (Jenetici i? included 
Th^ who wish to go furl her inm che subject should consult Cmeiia for Medifai Sfiidenti 
by E. E. Ford, London, ti^S ; or An Introduetwn jo Medieai Genetki^ by J. A. Fmzcr Roberts' 
Oxford, 1^0. " 
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L'lrrluif] hurt-ditanF^ c.g. Hui:i[in^Dii''s dft nrtl rccr-cJJiEniSHblc 

nr AymptnxnA before th€^ average age for marriuge and this malfea It diiiicijEt to 
advise tiieniibcps of nfFccted fotniSEt^ m to ihc dc$irabt(iTy or otherwise of marriage. 
Definite kno^^'ledge of other easily recognised charactens witii whirh these i^seoscs. had 
been proved to be linked ivoiild enable the medical historv' of such individuals to be 
predicted with some degree of certainty. UjiforiunateLy oiir present knowledge of 
linkage in the human subject is still very scanty and much additionaL data must be 
collected before the scieEice of Eugenics can eaereise a really effective influence on 
future generations. 

In man the best evidence, hitherto available, of the t^ccurrencc of linkage is found 
in connexion with the sex chromosomes and especially with the j^Mthromosutne. In 
addition to genes w'hich have nn important influence On the determinarion of sex^ the 
sex chTomosunic*^—especially the .v^lirumosomcs—carry gene& which am concerned 
w^ith non-sexual character?. 'Fhese genes therefore arc tejt-finked and they include 
those conccined with the diseo&e of haeniophillaij those concerned with one of the 
cotnmoner varieties of colour-blindness^ and those concerned with a number of rare 
diseases of the skin, of the eyes and of the nervous &}^tcm. 

'rhe dlmase hnrmophilia, w'hich is operated by a recessive sex-linked gene, affects 
maica only despite the fact that it is iransinitted by the female. The mother of a 
harmnpbillac must he a heterozygote, for females are ne^^er affected by the disease but 
are nevertheless able to transmit it to their male offspring. The father of a ha:niLi- 
philiac is commonly healthy in this refipect+ bttt Mt y^htoini^iainfj do nQt carry any 
Corf rspandinff gene. The female of Spring will hiivc an equal chance of being homo¬ 
zygous fand incapable of tninsniitting tlie dlse^) or hetero^^'gous like their nioil'Lcr, 
while the male offspring have an equal chance of being normal or of being htEtno- 
phtliocs. The marriage of a normal male with a heiern^ygotis female and ihe possible 
VTirietits of oflapring may be expn^ssed as follows : 

xflyr + : x^y% 

On the other hand when a hemophiliac man marries a healthy woman 
i,c, a homuzygoia ^ contra ' in this respect* his sonA will not be affected but hia 

daughters will all be beteruzygotes The disease therefore skips that menemtinn 

but it will reappear in the male olfepring { t : i) of the daughters. The only poitsihtc 
marriage whicb could give rise to a ha-mophilroc female is one between a bLcmophiliac 
man and a heterojevRous woman. Such niairiaRcs must be uncommon, but^ on the 
asiiumptinn that they do occur, the hit-mophiLiSfC female offspring nre never viahitt and 
no record exist? of a living female haemophiliac. 


'I'HE SEG.\TE>rrATION OF THE FERTILISED OVUM 

Only □ few specimens of the earliest stages of development of the human ovum 
under normal conditions have been studied.* In addition a mature human ova* • 
fcrtEiftcil in tissue culture media* have been obtained in the 2-cc1l and 3-cell stagcs.f 
The follow ing atctnint is based on these specimens and supplemented, \^ hcre neces¬ 
sary, by reference to the early development of other mammals and especially the 
Macaque monkey-| 

Fertilisation occurs, as in most mammals, at the outer end t>f the uterine tube. 
.■\ftcr completion of the 2nd maturation division the oviim divides into two cells or 
hlastumeres of approximately equal size. 'Fhc only human z-cell stage so far 
recorded wms recovered from the middle of the uterine tube, 60 hours after a fertile 
mating (iig. 64). By repealed division and subdivish^kn of the blastomcres a mass 
of cell^t tenntxl the moraia^ Is formed. During these changes the Intense activity of 
the cytoplasm of the cells is evidenced by the constant streaming of their contained 
granules. The individual ceUs do not remain motionless, but ristlesslv alter their 
positions relative to one another and reorientale themselves within the zona pellucida, 
for they are still in fact individual units and have not yet resolved into tissues. 'Jlic 
human ovum is boHeved to enter the uterus at about the 12-cell morula stage and 
abt^ul 72 hours after fertilisation. Four human morula? of 5 to la blastomercs, all of 
which* however, arc believed to have been abnormal, have been recovered from the 
uterus on the fourth day after presumed ovnilation and fertilisation. 

• ArT, Hertig, J. Rw:k, E-C- Adamjv and W, J. yiul\igsm,CiiHtr. Bmbryd.,CB.fnf;g, Inatn., 
35( iy5*- 

f AT. F. Menkin and J. Rftck, loo, £94.^. * 

I G. L. SirectcT and C. M. Htfuwr. Cfitiir, Enibfyoi.. Cairiieg. [nftin,, 39^ i94tr 
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Before segmentation oecurs the amount of cytoplasm in the fertilised oitjui is 
great out of all proportion to ttic size of the nucleus^ and the initial divisions which 
result in the formation of the momla have the effect of reducing the disproportion 

Fig. iutH<dE huinnn oium nccqvci^d fmm the uierlrtc Uib«. A polar bcxly is 

s«li m either end tsf the dmvaMe pJiwie. x 330. (A. T. Hcrtiif, J. Rcukp E, C» 
Adrims AEid \\\ MullkAnn, Cmtr. Emhry^L, Instn.^ js ^954)^ 



until the cytoplasm bears to the nucleus the rdationsh jp which obtains in the average 
somatic cells of the species. 

During the earlier divisions two dilTercnt groups of cells emerge. Of thesCp the 
one will form the embryo and the other w'ill form the nourishing and protective 
membranes by which it is surrounded. The former divide more slowly and retain 
to a high degree the potencies of the totipotent o^iim; the latter divide more rapidly 

Fig. hr^l graces of the gcj^entatiim of n mumrnsliAn ovum. 

S«Tii-dui^mirutic. (After a ilntu jnpi by Allen ^l"homian.> 


a _ t. b _ f c 



X444 Out iht li^l pc'lll.^dJk mndMi bttMt ftom tircMicJj irtltl (l) ta iJlr iTMnrub lUcc (4 Htd 
mnd ihn H tbe^ Qc|ti tfl nunite beMme uruUcr in iiH. 


and suffer a marked reduction in potency as they become difTcrcntiaicd into tropha- 
btail. ^ 

Before the zona pcilucida disappeats, fluid, cither secreted by the trophoblastic 
cells or derived from the uterine lumen, begins to accumulaie within the morula. 
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The iritcrccllular spaces enlarge and coalesce to fonn a single Buid-hlled caviiVn the 
blastocofir. This is bounded by the triiphobliisi cells and !;>Dqupies the whole of the 
intefECkr c!c.cept at one place where a clump of cells, termed the ijinef till moii or 
ff/rTrfafit't rmis {bga, 66 and 67) projects into the cavity. This repreaenta^he residue 
of Icitlpotential cclU, some of which arc destined to form the embryo. The ot'um has 



66.—iseciiontlf ■ 58-<:eUhiimnn bliHslocyiiC Feo. 67. — Section qf n J07-«n huiriJiii 
recovered from the uterine Cflviu^ ahowiiur bloatocyfit rocoieryU fmm ihc uterino 
The roHA pclJucidii, tmphohltut ^nd inner cell cavity. 'I'he miifDl Bind polar tnopho- 
>sj;io. (A. T. Meni^, J. Rode, B. Ck btiis^tic ce 3 U und the inner ech 
Adams tuid VV"i J- Atulli^4i^, Cf^ttir-r can be diaiin^uiKhcd. » lA. T,. 

Csme^. infttn.r jSi tQ545' Henij?* J. Rodct E. Cu .Adams and 

W. J. AruEli^an^ CmiK Emhryoi, 
Carney. Instn./jgp 1954)- 

notv l>ccn converted into a hlasfifcysi. Of a toii^l of abrjut 60 cells composing the 
blastocyst at this stage^ only about 5 are formative cells ; the remainder c^^nstitute 
the fbttencd trophoblastic epithelium forming the wall of the vesicle, 'I'he hliWiiocyst 
is formed by the end of the fourth or the beginning of the fifth day after ovuktmn 
and lies free tn the uterine cavity, 

llic 2 iom pellucub disappears during the fifth day after ovulation by which 
stage the blastocyst is about 134^ in avcnige diameter. The cells of the fonnative 
cell mass have multiplied and form an irregular clump which has insinuated itself 
into the wall of the blastocyst and is Hanked by iruphublast. Of the 107 cells con¬ 
stituting the blastocyst at ibis stage, 69 are munil trophoblaat ccllSr Of the re- ^ 
remaindef 8 are large cells constituting the formative mass and are destined to form 
the cmbiy'Ok The remaining 30 are pohr fri^hobfast cells and lie srcnind its margin. 
They later cover the outer surface of the formative mass while its deep surface 
hecomea lined by a single layer of polyhedral cells which constitute the primary 
entoderm (fig. 67). 

In the latter part of the sixth day after fertilisation the tmphobjast over the 
fonnative mass adheres to the uterine mucosa, exerting a histolydc action on its 
lining epithelium. As k engulfs the uterine tissue the trophoblast cells in this 
situation divide with such ntpidity that all trace of cellular definition is lost and the 
form ative mass becomes oov'ered with a multi nucleated mass of cytoplasm, termed 
^hcpi&modiai fr^hMast, which burrows into the stratum compactum of the uterine 
mucosa. As the blastocyst becomes more deeply embedded, the rematndet of its 
trophoblastic wall undergop a similar change, but, at a slightly later stage, cellular 
definition rea ppears on the inner or embiyonic surface of the plasmodial tropbohlast. 
Thereafter the wall of the hlastocm consists of an inner cellular layer, the qVo- 
tr<^phcbfait^ covered on its outer surface with pla^miodial traihoblast, which 
is thick<st over the formative mass, i.c. at the area of deeped penetration or 
tmbryofskpate, and thinnest over the area most recently cmbedtled ornbfmhTy&njcpok^. 

The siU of implanWwn is normally on the posterior wall of the uterus, nearer to 
the fundus than to the cerv^ix, and may be in the median plane or to one or other side* 

I'hc youngest implanting human ovum hiihcno reported Snd described in detail * 

■ h Rock and .A.T* Hm 4 r, Cojrfr./?jwfef>ci^,t:i!tneg- Insm., 31^ 
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show^ an rarly stage in the procc^ of embedding. The trophobtast over tht forma¬ 
tive mass displays an extensive development of plasmodium, which has destroyed a 

Fig. 6S. — Dia^m (baied on Dkktnsan^ to show the in the matofatioii 

and development of an ovum whJch beconw* feittlised^ up la the point when 
the process pf implsncation^ Or embedding, ift begun. 


{i>hi 4 (a^) ttuga in orarf. (3) Ecdofcetnento^Qvum uhI ovinan feitidi?: ^amu^Mi 
af onE pour b^v- (. 4 ) Tktflturv omnip nur^uniicd by zoba peiiucids lod conoft rsdiotP, 
extnujed fn 7 fnanne;r by follicii L fciiTnwtigi> pdxr bodir^ ( 4^1 Cv- 

pjt lutauin, chtE^ (fj VcfdJiuEket ef bvum in eaipulkn'^,fUR af ucefine wIh ; nvKfjwl 

rcmdE p»4iuclci pptiNanJL Note the toil of ttw ■ptroMtqmaip outMuiE tbe ^oni pdiuerds. 

<61 nruj; 4 £Ui. (tI Turb^dJ lEBfiv. No 44 diminilhcdl lisc of eellik <S> 

( 0 ^ Moruls. 1 1 dV Bbwtpcy'it frEf-ulErinr eivi 1 |'i Xetr fEzrCbBlive niAtia |l 1 ) 74^4 

P^bcid4 W diuppeiKd.: [fbfibabliiit tui ttucktomd over enitMTm'e !wl«r ‘mhJ iibplxnUEHO 

pttxeu b** iacfUDj 

patch of ulenne epithelium and the underlying stroma (fig, 69}+ blastocyst, 

FiC. —A hLifimn ovum (Came^«H ® 02 P> pfertilmiion age 7-7 1 d^y^t in process of 

emheddinj? i-n the tiiErine mucoai. f J. Roek And A. T Hcrrtg, Obst. and 

GyrtfCr, 44p 194a, and 471 tS*-) 

A^yffahn^itric IrnpAofJo^ 

Fomotfw ntoiM 

f^bitmodial froj^oidnit 
Dtlalid u$fr{ni 

wJerj ae fl&in J 


In tht iKtuid ifi^lipHEq. tkiE i^EinlpfyErf^e tfotdMbiiit hid c^ILipied os thjE rorrSMtive tniM bin. <07 
purpota oi cknty, Jl hta b«ll tbtjwn prwjBctin^ iFitn the LTtcnnB cmrlfy. 

bm^ (tomu h phg(£imtcn:i|p^ti Undi^ tfiven 10 the Editor by I>r. A. T. Henis. 

i 

however is not compkldy embedded and a portion of its wall, at the opposite pole to 
the foitnati^t masSp still projects into the uterine cavity. The fertilisation age of this 
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is btlitved to be 7 J daj-s. I n a slightly oldtr ovum • (9^ day s) the blastocyst is 
completely embedded. The pla^modijil tfophoblasi bos undcj^tjfit further prolifera- 
lion iwiijl now covefs ihc wall at the apposite potc Xu the formative jvith a thin 
layer, Irre:gulnr lacufiar apacca arc present in the plasmodium and they coniTTiunt- 
cale Vsiih eroded maicrnal veins. The fonmiive ntiiss now consists of 3 thick plate ol 
large, irregularly arranged ccIlSp icrmed the g<:rm-dis€, and a single-layered shed of 
primitive entoderm, which inte rvenes bet^veen the disc and the blastocyst cavity. On 
its apposite surface the germ-disc is in process of separation from the trophoblast by 
the formation of a cavity, which ^viU soon become the eavity of the amnion (figi 7^)- 
In the immediately succeeding stages the bliislocyst cavity becotnes lined with a 
thin layer of fattened cells, mesotheliai in charjcter, which are in continuity with the 
primitive entoderm around ila margins (iig, 72, x\) and enclose the 
Jt is uncertain ivhether these are primary mesoderm cells derived frcmi the cyto- 
trophoblast or whether they ate formed by an extension from the primitive entoderm 

_the condition known to exist in the rabbit, dog and some other mammals. The 

priniar)^ yolk-sac. formed in this way {fig, 71, A and S), appears to be designed to 
meet a fimctioTULl need and serves to ' filter ' the fluid which the trophoblast absorbs 
from the cytolysis of the uterine mucosa and makes available for the nourishment of 
the germ disc at this stage, 

Flo. yo-—A hurnun ovuis^ (Camfpse. fcttilissHion ajje ia-izi dayi.timbecld^d 

m the Btraium efjmpifcCtuTn uf live endoTnutrium, (A, T, livnij; imd j, 

Corririb. Itism., ifl4l ) i 





F/milir- rtii/sdfrm 


LafmKO^ 




meinbraiiE 

Etfottuiidial 
imphoiLiM 
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r^ampUE with fitf. and ncrtK ihe ilnrhoiMinTt oT ibt lieuiLE in die p4ji4fn«lit] tNwbi^iii, mmf 
at ranlMtmFli Wood- Note- thml |Se- pwurmry yulk-MC^ which b ■Urmttnded ty the 

pmrJecnk mobbrHW, eIm tiMi falMbc txbibxsrit cjvjiy. The cdb nf ih^ twin dnc ■» now 
celwniiar in ih^pr *ftil fwm mn Ktadcrtnml |>1 Me. 

Dnwn * ptiouedciwfs^h fcincflr liven tn Che hcLieir kty Dr A. T. EJenit- 


Thc cells of the germ disc, hitherto arranged in an inregukr manner, now dispose 
ihentsclveg In the form of a plate of columnar cells. The cavity between the plate 
and the overlying cytotrophoblast {%, 70) swn acquires a thin roof consisting of 
primsry mesoderm dcriv^ from the cytotrophoblast and termed the nmoim* At 
the same time other mesodermal cells delaminate from the inner surface of the 
cyiotrophoblast and intenr ene betw een it and the pri tnary yolk-sac. The wal I of the 
• J. Hock and A. Heirig^, Canffr Embrypf,, Comc^, JI. 0^45, 
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sac (often termed the exoc<rhmk membrane) bccontes retmeted from the wall of the 
b!^ioc>'$i, altliDuph it usually remains connected to it near the a^^mhryonic pole 
bv strands of mesoderm. Descriptions of se veral human ova * which have reached 
this stagehand are already completely embedded m the uterine mucosa are now 
aval lablc 

I'hc ovum depicted in 70 corresponds almost exactly with the stage shovvn 
diaErammatically in fig, 72, B. The shell of titsphoblast is ihicKcat over the embry¬ 
onic pok and over the sides of the blastocv^t. but is exceedingly thin over the 
abembryonic pole, the last part 10 be ombedded. it is lined over most of its extent 
bv a single layer of ci'totrophoblstst and the covering plastnodial tnophoblaat shows 
the presence of numerous lacuna. In several places maternal blood from^ v esse a 
which ha^'e b€?en invaded by the plasmodial trophoblast has found its way mto the 
lacurut; and serv'cs as a neiv source of nourishment. Within the trophoblastic ahelh 
the cells of the germ-disc, which have now become arranged as a columnar epithehum# 
consiitute the futodtrmal p/ufe or dhc. On the one hand they arc separated from the 
cytcjtrophoblast by the amnion, its amty jmcl primary mcsodcmi; on the other, 
they are in closje intact with the primitive cniodenm. atthough a distinct b^ment 
mcinbrAne forms a sharp line of demarcation. The primitive eniodcnn consists o a 
single layer of low cubical tpithcUum, lining the yentral surface of me genn-oisc 
and fonning the roof of the primary yolk-sac. which contains fiuul and a certain 
amount of coagulum resulting from the effects of the process of fixation* I he inter- 
\ix] fietiveen the trophoblast shells on the one hand, and the primary yolk-sac and 
the developing amnions (»n the other, is occupied by fluid in which are found pn- 
mary mesoderm cells delaminated or dekminaring froin the cytotrophoblast. to¬ 
gether with a certain amount of coagtiluni. 'J'hv trophoblastic wall of the bla^tcMzyst 


FiOr 7J+ — A. Fariv btaaloCTsl. 


B. DifftrrnTHitton uf formative mnsa and 
J^vTioptticni of primnrj^ 



FiC. 71.—A. I'ormfllian ol am- 
niotk cuvity iind inertated 
growth of prirOftry fuesodertn. 



Ftowmodti^ 

irfypkn^im 


B. Fonnatiori of amnion and 
prim4ir>‘ yotk-*3c. 



with its lining of primary mestKiemi nrtWUtutcs the cht^ion, and the genefal cavity 
of the blastocyst can therefore be termed the chorituttc fflw/y* 

The cavity of the amnion with its roof and floor constitutes the nmnto-crnttryonic 
vrskle. At first primary nwsenchyine connects the chorion io the ainiiion over a 
wide area. but»mth the development and coalescence of clefts in the primarv' mest>- 
derm to form the exirs'embryonic eocloro, this attachment soon becomes circum¬ 
scribed to fomi a timiitcting stalk in the region of the caudal end of the embryo 

•A. T. Hertipf find J. Fuck. Cnrttr. Embryoi., Camc^. InStr.. tfi, 1 ^ 4 = ^ «ndl JI, 

Ip n Dlblc smd C. Weals 7. Load,, 73, 1941 ; H- Suo-r. Zfits.fur Mikiotk, Ami. 

1936 : p. Nr ft. Odpera. J. Amt., Loud., 71, JOJ7 ; and F* Pavn;a. Tram. Roy. Sac. 
Edin., II. 11* 1944 - 
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(fig. 73). This stalk forms a permanent cofineadon between the embryo and the 
chorion and it is the pathway along which the blood-vessels of the enibr>'o later 

Flu. 7j. —The pjimar^^ yoSk-Hie hu become rtdwxd in ilze to fqm tfce 
(«M!qndaT\-) j^Uc^BAc, which is covertd extemalh' with pHmir>' 

mc^odenn. This is the condiiiuci found it ibi; md of the second 
or the beginning of the third wetk. Cornpare with fig. 74. 



establish comnitintcation with those of the chorion^ Snl^quently k becomea 
converted into the unibsyital 

While the connecting stalk h being defined, the pnmary yolk-sac suffers a material 
reduction in sisse, the mechanbm of w'hich ia atill obscure, althaagh it seems probable 
that pare of its wall becomes drawn ont by the mesodermal strands which anchor 


FlO. 74. —A humfmqflum, Fmb«ldrd in the SEthTuiti eumpactinil. Eslini:Al^ i3,"5 
diya. (A. T. Itcrtig und J. tbiek, . 4 i«-0*if. and G>vicf,, 44, { s^ 35,) 



it to the abembi^nlc portion of the choKon and then Joses iti* connejsion mth the 
rest of the sac. The resuttant smaller ejic is the definitive yolh-sac (figs. 73 and 74) 
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and 13 usually referred to ajs simply the yolk-sac.* AUbough the wall of the primary 
yolk-sac consists of a single layer of cells ffig, 70), the wdl of the definitive sac is 
formed by a double layer in later stages (fig. 73)i The outer layer is derived from the 
primary mesoderm bui^ as already indicatedp it is uncenain whether the inner layer 
owes its origin to the primarj^ fnes<iderni or to the primitive entoderm. However, it 
is only the roof of the yolk-sac which is responsible later for tlje development of the 
intracmbry'onic cntodcmia] structures. 

In the immediately succeeding stage, of which many examples are available, the 
chorionic cavity contains two hoWovr vesicles (the amnio-embryonic and the yolk- 
sac) p DDvered with primary mesoderm, by which they are conniscied to the walJ 
(fig. 74). Only the cells where the tw o vesicles are in contact with each other con¬ 
tribute to the formation of the acttial embey o^ and it is therefore this region which is 
termed the cmbnvnic wrwj or shitld. i^treeler is of the opinion that the cells included 
in this area represent the sole derivatives of the germ-disc. 

It is noteworthy that of the cells derived from the ovum at this stage only a 
relatively small number take part in the formation of the embryop while the vast 
majority form its covering Jmd nourishing membranes and certain other cxira- 
cmbryonic structures X0 be noted later. 'I'hc cells of the germ-disc arc colunir^ar 
in type and are marked off from the entoderm by a basement rncmbtiinc. By 
the third week they form three or four interlocking rows of cells (fig, 7&). The 
cells of the amnion are flatter and more elongated and form only a single {Stratum, 
which la covered with a layer primary mesoderm. The cniodcrmal cells of the 
embryonic shield arc flaUened, but those lining the rest of the yolk-sac vary in shape 
and patches of cubical Of low columnar cells are foundp especially on the caudal walk 
Except in cerLain situations^ to be noted later* the entoderm nev^er forms more titan a 
single layer of ccUs. 

One ineonsEQnt feature of the etnbtj'o nt thlft stujfe deserves mention. The presence 
of a short ^ talk oanneciinfr the amnion to the trophoblast has already been notie^. Thia 
^mlk consists of primary mesoderm and may enntnin a duetp termed the amniotic duct^ 
w^hicti communicates w'jrh the amniotje cavity, but ends blindly near the rrophoblsifi. 

In the reptilla, and in many mammals^ the ornnion arises as a Fold around tlw peri- 
phcr>' of the embo'Emfe tdiield and soon closes in to form a veskle. The amuiutic ducr 
of The human embryo has been interpreted the homnlogue of the point of closure of 
this fold, but it has been sugi^eated that its presence depends on the chance necurrente 
of a trnphohlastic lacuna which breaks thmugh into the mtinioiic cavJw. 

Concomitant with the changes which transform the ovum into a mom la p the 
ovuni is graduiilly carried along the uterinc tube by iht action of the cilia of its lining 
epuhelium. The passage along the tube pn^bahly covers a pcrii>d of about three 
dav'S, The morula is transformed inU) a blastocyst w hich remains free in the uterine 
cavity for a further three days before impkutatEon. During this interval the uterine 
mucosa h preparing for the reception of The fertilised ovum, 'llte disappeaninec of 
the mtxc pellucida, after the formailnn of the blastocv^i, alLows the troplioblast 
cells to come into direct ccinUict with the uterine mucosa. 

Applied A tuifomyr —Same rimes the fertilised ovum is aire.^ted in the uterine tgbe^ 
and undergoes development there, giving rise to a tukalpre^ancy ; or it may fall into 
the abdominal cavity and produtre an o&damitial prcg^nancy ; occasumaUy a fertilised 
o™m or embryo is found developing within the ovary' itself, I'his h ictmed an 
mrarian pregnimcy^ and it is gencmily stated that In ibis case the ovum has remained 
within the fonieSe after its rupture and been fertilised m jiYu, It is probable, however, 
that in TTit>si cases, at any rate, the ovum has been fertilised in ihc abdomitml cavity 
and has litter embedded itself in the ovary'. 

The diJTerentiation of the embry'oilic area-—The embryonk area shows no 
distingulsliing features In its earliest stages. .At first nearly circular. Us nutJlne 
rapidly oTtens and becomes ovah indicating the long axis of the body. This growth 
in length is associated with a further dilTcrcntiation of the cells in the gcrm-dbc, 
resulting in th^ formation of ectoderm and neurectoderm cells. The former dlspfisc 
them^relvcsamund the anterior and lateral margins of the embryonic shield, -And the 
latter—at first indistinguishable in appcanincc from the ectoderm oelis proper— 
form a crescentic shaped medHilGry plate within the eciodcrm-covcred area (fig, 

* Sonm In^TatiKaTuTlb [i'. H, Ikiwr imd G. L. J^trecter, Contr, EmbryoL C^mci;. Iiutn.p 
^p 1 ^ 1 > nmintain thut the dcfinkive yolk-vne in a new formatiQii nn the under nurface cif lhe 

disc- 
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75, E.). The r^maming pluHpatent cells are therefore now restricted to the caudiU 
half of the embryonic shield, where they occupy a broad centml strip. The ovaJ 


FiOh 75h™A dtBifmm tQ iUiutratc StrecterV conception af the Drij^in of Ehc pilhnitii'C 

itre^r {Afwf SrrwEerT Cow/r. Carn«^r InstrL, 29, 1941.) 


A 


B 


C 



A, The tndpiCiIcnl EnuTn fifilhin tht p^ucidji, K TIk four^ftHed^ Tl^ bf th< mH* 

Ktkin ■ hjjt^ degrn of IkKkekt (btuE>. G. Sc^i^ ihrM^ tbt Tfaf of iIh e^rns^ 

dime muui pLlittpOE^I Cblucj. TtlC ?lhfr cellA Iuve hocam^ difr^rentuicd icil« buphc^jIUE, mbodtfm 
■nd prirrun iHMenchynuL D. TTw cnfihryofuc »rw of C, dsrul vit». E, DothJ lurfu^ of iLc 
embEVMliti zmi *t i Uler TIie ifcift-eCEodenn fblude) ^ the Ihvk b«en 

diffennluted fTiMi tbe pturipoicnL C4l1a of th« apio^hc (h]iK>, which now L'e In tbe ciudd hiLIf cf [be 
ma. F. Tbt «fne view mt a. jrttU \itrt amt. Tta tkln^EodtfiB fblwikj wf Ehe ftrttrwrtadtfiB 
Km hmVE beftufed kD liu «nd (hv T^dunt plunptrtcirt ibellfl ^blw) OOCUlilkiEr ih* priltdlive 
which *hcipf* i. HwdUii primiiivt itrooviC. ’ 


cinbr)^onic area becoine* pear-shaped, and ifi the median plane of its narrower 
portion there appears a localised opacity, which soon elongates to form a linear 
opacity, tenned the primitive streak (fig* 75). The cel Is of the primitive at reak repre¬ 
sent the remaining cells of the germ^bc which still retain their pluripotcncy and 
continue 10 difTercntiaie rapidly (w ako p. 79J. It muBt be retnembefed that in 
the early stages of development the living tissues are ttanslucent, but any localised 
thickening due to cellular proliferation naturally interferes with the tninslncency 
and causes a localised opacitVi The linear opacity of the primitive streak indicates 
that rapid gioivth is occurring throughout its site. At its headward end a further 
ai^ of exceptionally active grow'th forms a knoh-llke thickening which is termed the 
primitive n«/r (fig. 7^), Here the ectoderm is hised with the entoderm. 

From the primitive node a rod-like process of cells froth's headwards in the 
median plane and sep^tes the medullary plate from the subjacent roof of the 
yolk-sac {fig, 84), This is termed the heaei process, and it is the forerunner of the 
skeletal axis of the body. The solid rod of cells becomes canal iculised (fig, 77) and 
at its caudal end the canal breaks thmugh on to the ectodermal surface at the pos¬ 
terior end of the primitive node. The cntodermal cells lying ventral to the head 
process disappear, and the head process then beconi^ for the time beingp a con- 
stitucni pan of the roof of the yolk-sac in the median plane, l^hc cells forming The 
floor of the canal of the head process break down so that the canal communiciilcs 
freely with the >v>Ik-sac and, at its caudal end, a communication is established be¬ 
tween the yolk-sac and the amniotk cavity. This eonncxic^, which pierces the 
ermbiyonic area at the primitive node, is termed the ftmrmfertc canaL At this stage a 
iransvewe section across the embryonic area cranial to the primitive node show^ that, 
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\n the medi^ plane, the roof of the yolk-sac is formed by the c^lls of the head process 
(fig. 78), and this intercalation, which forms the chf/rM or noiochordal e:xtends 

Fig. 76.-^-.^ human embryo, i'i 6 mm. lon^. The nmnjo-cnihrjmic vniclc has been 
laid Dprn widcti', moa-t of the atiniEQn hdV'tng been mmoved. 'Fhe embryonic ami 
Is cKpoacd in alinoAt Its u'hule extent and £hio^‘a an rarly sla^ of dilTercntiaHein. 
Estimated jbt, 10 days. (W- C. GeoiKte, Cerntri^. Emifryot., 30, 1^43.) 
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forwards to the region which will subsequently form the phary nx, l^aler, these ceUs 
of the head process become excalated out from the entodemi and form the noio^hord. 

Fig. 77.'—'Tmtiaverse aection of the tail-fald of a human embryo, about 19 days oM 
{Embryo; Biycc-Mc I ntj-fc). From Bryce's “ Obscrmiionl dn the Early 
E>i:vclopmetit of the HHnwiii Ernbryo/' Tmmntlwm f>f the R^ynl Soatiy 0/ ^ 








Amnion 




Cnttodxd ktiod pntcf^ 


j^.r Acfrrr;^ «Kflodffm 


Pnmitirf. itrrnk 

Ttr cuialinducd iu*d-pfbc«a Uct In the H»f flf the Wnd^ii. The odmicWt Pintail: wwl itw-e Uo 
on ttw vvniTv] vpfict of dw tuil^falil Obsovc thu das iwpodiry mewETTn u mtiExDtuui vefi^uv 
wiih the inimiUvE inJ ihit Tb« Uil-fold if ^rhia the uimliftj< vanity. 

the roof of the yolk-sac being repaired by the fusion of the adjoining cntodermal 
cells. Subsequently tht cells of the notochord develop around them a homo¬ 
geneous sheathf and the continued proliferation of the cells within the sheath 
results in theTormaiion of a solid but flexible rod, which becomes surrounded 
by mcsenchjTEic to form the primitive or blastcmai vertebra! column (p. 103). 

During the earlier part of this period another important change occurs which 
affects nearly the whole of the embryonic area. From the sides of the primitive 
ifiicnsely active cell growth. These cells spread laterally and 
lorwards until they extend over the whole embryonic area with the exeepiion of the 
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Ffe;, 7B,—'Frunavcr^c of a human cmbntj^ about ig days old (Embryo : 

Brycc-Mclntyrif), From Bryce'^a " Qbs^rrvatiuns on the EutIv Dovelopmcni of 
the Mumiiii Embryo, “ TnimaftiftHi a/ ikf SiKiffy a/ kdtnht^gh^ 

XtMrvtt 4 



Ftc. 75.—Diaj^in lo show ihrco 
stoj^ca in the forniatinn of th^ 
nciirBl tube. 


mtiiwn pitnfi'. ^rhey insiniiite ihenisrlvts bem'^cen the cctcad^nn and the underlying 
entoderm md constitute a third constituent layer, which is termed the sfcondfiry 
metaderm (fig. 77)* At the extreme cephalic end of the area the secondary mesoUenn 
does cross the median plane, constituting what has been termed the' perkardmf bar * 
(fig. S4). 

The primitive streak is the principal but not the only source of secondary mcao- 
derm. CephnJic to the headward end of the head procesSj, the entoderm in the roof 
of the yolk-sac becomes thickened and gives rise to a plate of large vesiculous cells 
which has been tiertned tlie proehordaf plate. This plate contributes sccondan' 
mesoderm ta the head region (p. 79), It must be stated, however, tiiat there is 
much eKpcriTUcntal evidence in favour of the view that the mcscnchvrtie of the head 
and ofthe visceral arches (p. icjK)is derived from cells which migrate from the deep 
aspect of the headward end of the neural crest, at least in lower vertebrates.* ^ 
The medullttry plate., from which by far the greater part of the central nervous 
system is developed, lengthens as the embryonic area increases !n length and 

its margins become raised, ’lliese margins, 
w-htch ejitend caudally as far as the primitive 
node, constitute the neural folds, and the 
median groove between them is the neural 

The neural folds deepen at the anterior end 
of the area and the walls of the groove become 
expanded (fig, 80). This enlargement is the 
first sign of brain formation, h is not a con¬ 
tinuous enlargement, however, for two trails- 
v'cr^e con&tK^ons indicate a aubdiAiaSon into 
thrift? p^rt 5 , viz* the pFos^i^ccpfiQlfj^ qx 

the mrieficfphalon ormiii-bram.md the rhombcN- 
eepftalon or iiind-brain. Between the fore-brain 
and the pericardial bar of mesoderm the ectoderm 
and entoderm come into contact over 3 amnll 
area, forming the hucia-pkoryHgesl or oral metn- 
braiie {figs. 84 and 169), As tlic neural groove 
deepens, its dorsal edges come into contact with 
each other and fuse to convert the groove into 
a somew-hat alii-likc canal. It should be noted 
that ^ the edges of the groove become approsi- 
Aflineiwffrni wilh Beuwrtpdwm, mated they Carry w'ith them the adjoining skin 

ectoderm and, when the process of fusion actu- 

* S. Horttadiu* (in Tht ftninit Cmt, Oaford Univ, Prew. 1950) tj,s htemmn, 

on thii subject. 
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THH THREE GERM LAYERS 


ally otcum. Like fusea with like. i.c, skin ectoderm with skin ectoderm, and neural 
tissue with neiiral tissue. The ptcxicss is cficcted first in the region of the hind¬ 
brain (fig. So) in the latter part of the third week, and estends both headwajd^ and 
tailw ardd* until only a small opening is left at each end-i, These openings arc termed 
the anterior and posterior neuropvret[ the former closes in the middle, and the 
latter towarda the end, of the 

Fio. So.—Modet of a humen embr^'o, i■ i mm, joJiR, with 
nine Viewed frotii the left lareral arid dareal 

AspMs. (Frran a model hy Eternod.) 


fourth week, 
which lie 
of 

neumi 
rmurai 


The cells 
of fusion 
of the 
institute the 
eng. tjb), the 
history" of w'hich will be con¬ 
sidered in a subsequent section 
(p. t2«). 

From the time when they 
become differentiated the 
walls of the neural groove arc 
bathed by the fluid in the 
amniotic cavity (liquor amnli) 
and presumably are depen dent 
on it for thetr nourishnicnt so 
long as the netiropores renfuiin 
open, it is a significant fact 
that closure of the ncuropore^ 
cocncidea with the establish¬ 
ment of a blood-vascular 
circulation for the neural ttibe, 
*rhc fusion of the dorsal 
lips of the neurai groove in 
the region of the brain results 
in the formaiion of the three 
f^nmary c^etfral vrsiefa. *rhe 
ivalls of these vesicles become 
thickened and dc^^elop into 
the nervous tissue and 
neural ia of the brain, and the 
cavities; are modified to form 
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the ventricles of the brain. The 
re rn ai n derof the tube form^the spi nal medulla, cavity peraisi ing as the central canal. 

Thrt>ughout the region of the notochord the sccondaiy mesoderm arranges 
itself in (l) a thickened medial portion which lies immediatciy lateral to the neural 

groove and is termed the 
Fjo. tki.—Djjigfiim ut abaw Ehi! dilTcnfiilliiitieiii uf thr fisraxiut m^sodrrm ffig. Si), 
»eecindHT>' mcscideinm. (2Ja narrower portion^ Tc rmed 

the tfifermediaif Cfll mass, 
situated to its lateral side and 
directly continuous with it, 
and (j) a flattened latieral 
portion, continuous medially 
with (z)^ which extends over 
the surface of the cmhiy'onic 
arc-ft to its periphciy^ where 
it becomes continuous with 
the primary mesenchyme on 
the outer surfaces of the 
amnion and the yatk-aac* 
'Fhis portion h termed the 
fiAfcral plale, 

, . 1. - I . appearance of the 

secondary or mpa-cmbiyomc mesode rm completes the first stage of d ifferentiation 
in the embryonic area. The embryo now consists of an outer, protective layer 
the ectoderm, an inner nutritive layer, the entoderm, and an intermediate layer 'the 
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mesoderm, which ia available priinarily as a musck-bmiiiig layer. It is clear/ 
from their history and their early difTerentiation that these bycra are of considerable' 
sigfiihcance, but too much stress must not be bid on their independence from 
one another. In other words, the dlfTerentiation reached at this sta^e has not 
gone so far as to leave the constituent cells of the three layers with potencies 
so limited that complete divergence is assured for the future. I'hc potencies of 
the individual cell layers are reduced fmm the pIuHpotcnt condidon found at an 
earlier period, but not to such an extent that the potencies of the cells of one layer 
are entirely different from those of the two remaining layers. 

Broadly stated^ however, the three layers in the human embryo contribute to 
the formation of systems and organs which show distinct fiLnction^ differences. 

Y'he ectoderm consists of coluninar cells, which, however, become somewhat 
Battened or cubical, especially tow'ards the periphery of the embryonic area. It 
gives origin to : (i) the skin and the lining cells of the glands which open on it, 
and its appendages, the hair and nails; (3) practically the whole of the nen ous 
sj'stcm, including the cranial and spinaJ ganglia, the sympaThetic ganglia and 
the posterior lobe of the hypophysis cerebri; {3) tho chromaffin organs ; (4) the 
anterior lobe of the hypoph^'sis cerebri- (5) the epithelium of the cornea, 
conjunctiva and bciimal glands; (6) the Jens; {7) the plain muscle of the iris ; 
(8) the ncuro-cpidiclium of the scnse-oigans; (9) the epitliclium lining the noser 
and the paranasal smuscs, the roof of the mouth, the gums, and the cheeks ; (10) 
the salivary^ glands and the enamel of the teeth ; and (iij the lower part of the 
anal canal. 

'rhe entoderm consists at first of Battened cells, which subsec|Uent]v t>ecomc: 
columnar. It gives origin to r (1) the epithelial lining of the whole of the alimentarj- 
canal, with the cicceptioti of those portions already ascribed to the ectoderm * 
(2) the lining cdb of all the gbnds w hich open into the alitncntaiy^ canal, including 
the liver and the pancreas, but excluding the salivary glands \ (3) the cpitheliuin 
fining the pharyngo-tympanic tube and the tympanic cavity j (4) the epithelium 
of the thyreoid and pdrathyreoid glands and the thymus; (5) the lining epithdium of 
the Jarynx, trachea and the smaller air passages, including the alveoli and the air- 
',:acB : (6) the epithelium of most of the urinary bladder and the adjoining part of 
the urethra ; (7) the epithelium of the prostate. 

The mes^^erm gives origin to the remaining organs and tissues of the bodv- 
^rhese include : (i) all the connective and sekmus tissues ; (2) the teeth^ vvith the 
exception of the enamel: (3) the whole musculature of the body, tw^ih striated ind 
unstriatedj with the exception of the musculalure of the iris; (4) the blood and the 
blood-vascular and lymphatic systems : (5J the urogenital system, with the cxccij- 
tion of most of the urinary bladder, pn^late and urethra;' (6) the cortex of the 
suprarenal glands and the mfsothelial linings of the pericardial, pleural and * 
peritoneal cavities. 

It should be observ ed that the cells of the mesoderm are verv' a«Mn differentiated 
into those which subsequently remJn their dose-packed cellujar'charactcr (pflrfWcrwi 
proprr) and those which form a loose tissue with a fluid matrix (fnrrejfc/nw). Thus 
the musclea and urogenital orgarts ore mesodermal while the cnrinectiv^c tissues are 
mcscnchymaious, and on account of the fluid character of the matrix their cellular 
dements are able to alter their position by active migration (p. 103), The term 
mrspifttfittm Is sometimes applied to epithelial cells of mesodermal origin, such as 
the secretory- epithelium of the kidney and the cortical cells of the suprarenal glands, 
as well as to the lining of the sen^ius cavities (p. 7). 


A detailed oonstdcrniion of the processes of early development in other N ertchrauj 
and loxvcr chordata is outside the scope of this book. Such a study however can be of 
value in the inletpretntion and understanding of the early history^ of the human ovum 
The human egg resembles that of amphioxus in respect nf its luw^ content of dcuiO' 
plaFuii and is termcil mrrafeaituil. Omsequcntly the ova df these two species arc 
similsr in their Manner of cleavage whereby the whole egg h subdivided into a mass 
of cells nf approximately equal si^e. The type of cleavage is termed tiftlfibiniiu. 
Subsequent development however shows marked differences. Iq .4mphioKXis the 
whole dvnim gives ri^ to the ^hn'o^ whereas m the human only a amall proportion 
of the cells to which it gives origin actually contribute to the fuimarion of the embrvo 
In this ihe human ovum resembles the eonditmn jn rs^illea und birds where the egE 
is heavily yolkcd or mittTitfmihitl and only a small portion of it is involv-fd in eleava^ 
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and Aub^tietiE ftitmHtion of the cmbrj^o. This parrkl L-Eeav«jyc is termed tnenihlaiikr 
This indicates that the hoLoblaatic character of the human Dvum b aecondaty and has 
evolved fmm an ancrstral mcmblaitic conditfon. hVir a similar reason the cavity of 
the human bTastocyst cannot be honmloRiscd with the bksiocoele of the amphto^ua 
ovTjni anil the latter term is best avoided in connexion with human development, 
'rhe process of entoderm forniatipu in thv human ovum, and mdeed in reptiEea 
and birds, has been so modified and abbreviated as to render a compad^n with the 
pzxKct^ in amphio^us difficult and uncertain. 

I Vam a study of comparative eniibiyo!.OMt' and in particular of amphibian develop- 
TTienE it seems fairly clear that the primitive node^ which is concerned whh ihc for- 
matinn of the notochord ^ ia the hnmolnj^uc of the dorsal lip of the blastopore of 
lower verfebraEca qrtd that the neurentcric canal is a persistinp; remnant of the bjasto- 
pHirc. Follovi'ing this humuloity further it would appear that the primitive streak 
represents the fused lateral lips of the blastopore and i% responsible for the origin of 
the mesoderm {pfostaimatt ptirWenw) which arisen in lower venehnitos by continued 
prolifenition at the lateral lips of the bloAEOpare. ITic earlier mesodenn {gmtrai 
in these forms is invaginated dunng gastrulation and subsequently ciin- 
isidcicd from the roof of the nrdietiterun. [n marnmnls and other hij^hcr vertebrates 
the mtra-Htrfnbryunic mafchdemi, although mainly derived fmm the primitive streak, 
receiver a contribution from the prochordal plates which initially lie adjacent to the 
cranial end of the head pmccss, 

THE SEGMENl'A'nON OF THE MESODERM AND THE 
FORMATION^ OF THE INTRA-ExMBRYONIC CCELOM 

In the embryos of all vertebrate anirml$ (he intra-embryonic mesoderm becomes 
im.-omplctcly subdivided by a longitudinal groove into a paraxmlporf{<fn and a faUra! 
plaU, on each side of the median plane^ The mesoderm in the ficKJr of the groove 
which coimocts these tw'o portions is termed the celi warj, or nrpftr<}grnk 

eoj'i (fig. Si). Soon after the appearance of this longitudinal groove the paraxial 
mesoderm becomes Bubdivided ifiio a senes of cubical blocks by a series of traitsver^c 
grcKives. This process is termed the of fhf memderm, and the blocks of 

paraxial fnesoderm so formed are LnowTi as m^sodermk primitive or 

meiameres. Commencing at the end of the third or the begin ning of t he founh week in 
the region of the hind brain (fig. So), the process extends in a caudal direction^ addi¬ 
tional somites being laid dow n as thccmbi^^o grown in length, until st>mE: thirty-five 
or more pairs are present {fig, 130). In 
the human embryo it is only the paraxial 
mesoderm which is actually segmented, 
but in view^ of the obviously segmental 
arnmgcmeni of the nerves of the spinal 
medulla and their distribution, it is reason¬ 
able to suppose that the segmentation of 
the other stnictures is only obscured- 
The whole process may be regarded as 
ev idence that the invertebrate ancestor of 
all vcrtcbniie animals showed clear signs 
of its segmental origin^ 

Each mesoderinic somite at first con-^ 

Tains a central cavity termed the wyocoe/e. 

The cells of the ventrimedial portion of 
the somite cortstitutc the 
They migrate medially and give rise to 
the jf/ffd/qfeifoaj from which the 

axial skeleton is ultimately derived (p. 103). ‘J'he cells of the dfirsilateral portion of 
the somite constitute the drrmomy^ilomt^ Spindle shaped cells proliferate fruni iLs 
margins to form the munrk-plat^ or myotome (p. I 3 j], the remaining epithelially 
arranged cells cofistitutc the skiit-pfnle or dtrmtifrjme (fig. 83). 

In the LnitiaJ stages of somite formation a cavity appears in the pericardial bar 
(p. 154) and this cavity' is the first indication of the rntm-embryonic cfrlom. As the 
segmentation of the mesoderm proceed^ a niiinher of clefts are formed on each side 
in the lateral plate, which thus becomes divided into a somatic and a jpfawr/iwiV lay^r 
(fig. 81)^ The sonvitic layer, with its covering of ectoderm, constitutes the somaio- 
pkurg, and the splanchnic layer, with the underlying entoderm, constitutes the 


KlC. Sa-^Cr^it-jpcddn ihioLiKh the body 
of a huiuan t^nibiyc nt the «id of the 
Taurth wevk, to &how' the arrinj^mcm 
of thv rncsodcrni, DlaMranural tc. 



CJbnfoV 




^ Inira-€mbryo7tit 
jmJ: commufiieaiMn^ frteiy 

^ > tAfiih txlrn-^mtrtfOAte 


8 o 


EMBRYOLOGY 

I* ic. 83.—A^crt™TcrM of ■ humait embrj-o o£ ihc fourth week, to show 

the diErrmiiaiJan of the primJtive m^eri. (Koltnwin.} 
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kplaHchnopftttrf^ The lateral cxtrcmitiL^ of the cavity in the pericardial bar extend 
tdudally so as to Jink up with the defts and as a result the intra-cmbry'Onic coflom is 
laid down as an inverted U-shaped tube^ from which the pericardia^ pleural and 
peritoneal* cavities ant subsequently developed^ Around the periphery of the 


Fig. B 5 .—DarsaJ view of a humnn 1-3 mm. Innjy. {Ff»fn a model 

by Eiemdd.) 
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cmbrv'onic area the somatppbure and the aplanchnopleure are cuntlnuous, at firsts 
both with each other and with the primary mesenchyme (fig. 81 ). Soon, hoviwer^ 
the cavity extends beyond the embryonic area, the continuity between the flomaici- 
pleure and the splanchnopleure is broken^ and the intra-cmbr^Tmic ccclom is throwm 
into free communication with the cxtra-emhiyonic cctlom (fig. 84 , C). This process 
does not affect the pericardial area or the regions immediately adjoining it on either 
dde ; the latter arc the a^tomc dum (fig. 84 , Cj. 

The early fomruition of the cielom and its free communication with the extra- 
embiyonic coelom allows the fluid whicb fills the latter to pin access to the interior 
of the embry'o. It therefore may act os a souree of nutriment during the period 
which has still to elapse before the establishment of a btood-vascular eireuIatiDii, 
The walls of the otIotti arc formed of undifferentiated rnesodeittial tells (mesoblasts), 
which rapidly proliferate {fig, 8z). From the n^esohlast of the stnnotoplcurcT or 
perhaps of the dermatome, the coriiiin and the subcutaitcous tissue are formedp 
while those of the splanchnopleure become differentiated into the muscular walls of 
the heart and gastfo-intestinal tract, ft is not until a later stage that the mesrsblasts 
which line the crelom become differentiated into the cbaractcrisiic mesoihelium of 
the pericardium, pleura and peritoneum. 

* THE J-'ORMATEOX OF THE l-::\IBRYO 

The format ion of the head and tail folds.—Hitherto we has-e been dealing 
with a diac-Like embryonic area, but at the end of the third week of its devclopincnt 
the embrv'o begins assume its definitive shape, “^rhe Immediate cause of this 
alteration is the difference in the rate at which adjoining an^ are growing. The 
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of gtpvith in the periphery fails to keep pace with the nte of growth withm ih# 
erobcyonic anca^ and^ a$ the embryo is increasing more rapidly in its long asil 
especially at its cephalic end where the walls qf the neural groove are expanding 
form the forc-brain^ both extremities lend to project beyond the limits of the area 


Fic r 86.—A diiKrnm shew'lnir xn earl^ xti&ge 
in ihfi devclopnieiir of the humnn 
ovum. 
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(hgS. 09. and 92). In this way a kead-foid is developed at the cephahe extremity 
and a taii-fold at the caudal extremity of the embryonic area. At the same time and 
for the same reasons right and left lateralfaldi develop, and the extension of these 
four folds gradually constricts off the embryo from the yolk sac and gives it its 
characteristic shape. 


As a result of the formation of the head-foidp the proscncephaiont whkb w^as 
hitherto separated from the cephalic extremity of the cmbryDnic area by the oral 
membrane (p+ 76) and the pericardium, comes to lie at the cephalic extremity of the 
embryo (figs. 89, 91). This aJteratiDn in position of the fom-brain is acconipanied 
by a corresponding alteration in Uie relative posttbrs of the oral membrane and the 
pericardium (figs. 167 and r69). The former now lira on the ventral sutface and is 
flituatcd at the bottom of a depression, which constitutes the primitive mouth or 
Siorntidirfum. On its cephalic side the aiomodceum is hounded by the projecting 
fore-brain and on its caudal side by the pericardium. The latter has not only 
altered its position relative to the cephahe extremity of the embryo but has also 
undergone a reversal of its surfaces, as wnll be pointed out later. 

In addition to these alterations the head-fold results in the inclusion within it of a 
portion of the yolk-sac. This included portion js termed tht: forff-gut and it Ss placed 



FlC, 88.^ —A dinjniini ghqwiRjj q littrstAae of the dEvdopincni qf iht human embf^'O. 
Ob«n'c that the Heart oceupieE the antcn'ar part of the embryDuie area and 

is leporaEad from the t>roscrtcepha]dn by the^ml membrane. 
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THE FORMATION OF THE EMBRYO Sj 

tween tKt oral membrane and the pericardium, on its ventral aspect, and the hind- 
niinp dorsfllly (fig. 169). It communicate at its eudal rnd with the midgui 
throuRh ati opening often termtsd the unfenbr mtestinal pt^rtal. . ■ l - 

The vsntra] bend of the head-fold produces a wdl-itiarked flexure m the brain 
at the site of the rncscficephalonT termed the italic Jlexure. 

Fttir 80- —A (JtiKrBm iheVp'init the foijmation of the head- find ui E-fplds. the 
expansion of the amnton, find the deliimtatiafi of the iiinbilicus. 
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Prior to the formation of the tall-fold the caudal end of the embryonic area la 
anchored to the noplioblast bv the connecting atalk, which is covered on one asp«t 
bv the mesothelium of the amnion (fig. SS). The formation of the tail-fold rarnes 
the connectinc stalk round on to the ventral aspect of the embryo, so that it afl^ 
Assumes the pcrmaiicnt position of the umbitieal cord. It wiU be remembered that 

Fm. (to.—A dianram showing a trunavcrte Kction sltmg the ti™ AB in fig, S9. 
Observe that the inirs-ciTihrxonk ccclom ctunniunuaies freely ^itU ih* eKini- 
embryoiiM] ttrkiTiu 



the stalk was connected to the embryo at the caudal end of the primitive atreak, 
and, in conscxiuence of the formatbn of the tail-fold, the pnmiuve str^ like tjw 
oonnectttis stalk CTtlends vomtd tciwards the vcntrdl uspect of the embryt) lo the 
region ^vhich later ]ks imm^ialely behind the anal orifice. Some authonticB, 
hew ever, hoW the view that the primitive streak i* conimued mto the rudimentary 
tail and docs not appear in the perineum or on the ventral surface of the embryo, 
Juai as a portion of the yolk-sac h included within the head-fold to form the fore¬ 
gut, so aoojT^ponding portion is included within the tail-fold to form the /imd-gut. 
Bnt the similarity between these two included portions gne* fnr^er. A portion of 
the entoderm in the floor or ventral wall of the fore-gut comes into direct contact 
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with tht ect(^em over an area which it termed the oral or buccopharvueeal mem/ 

DmilC fD> "^Olk T EllSi ■nfYt'rntir^a-rif' a-im aL.^ __j- 


b^e (p. 76). This membrane soon disappears and the communTcationTrthc eu 
with the exterior through the mouth is thus established. In the region of the hind- 


Fio. 91.—A duaram LlhutrstinE a tater «Bjfc in the develqpmmi of die uiribiiiad «td. 
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gut a similar rdatjoitship exists. Even before the uiiLfold is defiii«i the cemd.^ 
and entoderm come in to intact with each other at the <.midai end^the emhjlS! 
area, forming the tloatal mtmhrave (fig. gj, Aa wUI be described iTte? this 

Fig. W.-A «ieina] throi,«h the which i, tvprwcnicd in f,. 

Tile clo«Cill nvcmbrailL' n noi abouTl. * 

(After Graf i!>pcCr]i 
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breais down in twxi places to form the urogenital and anal 

Prior to the foi^ilon of the tall-fold a diverticulum arises fmm the dors! . 4 . 
portion of the yolk-sac and grow, into the mesenchyme of 
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Jfig. 87)- This outgrowth iron^titiiic^ the alfartfo-ent^i^ dwerticiiltim {fig. 93, B). 

the tail-fold becomes dchned the proximiil part of the Jivcrtieuluin becomes 
jficorporated in the hind-gut^ and lt& distal portiDn persists as the allantoic canal or 
nl/anfots (p^. 87), which then oommunicaccs directly with the vcntnil surface of the 
hind'gui. The portion of the hind-gut which lies caudal to this communication 
forms the i'lftaiu {p. 193). As the Tail -fold is foimcdp ihe cloacaJ minn- 

brane comes to lie in the vcntnil wall of the hind-gut but it extends also on to the 
adjoining dorsal aspect of the connecting stalk p w here it is associated with the 
aliantoic portion of the allanto-eiiteric diverticulum (Bg. 93, C). Even before the 
latter is incorporated in the hind-guip the cloacal membrane becomes interrupted 

FlO. cjj.^Threp in iht dev^lopinent of thif cloacal membrsne. 
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A. Prior iQ ili« IbiiMriikHi 4 f Ihr tJiil -fold ind tll 4 Eirfrr<Ai^c^ dlvETiJ^iini. 

B. The laJI-fold ii imtiniBd juid iJte dluiBn-entedc iliveitioil 14711 Iw rprnwd. TJit «l 4 ial fnembfiAT 

now flctcAdi in fttltiictn with Ihc pwrt of th« divrrtkulum ofi to ilvt: d«rwl MpHi nf Uw 

Cl 'I'lue tM dtfttkKl. M-tMdcfVil tpittaniE' intcfpcH^cl l^tween lihv fCtod^hn ud 

entodemn evtr iht i^n^cocimJil pun 4f tiv iflpiTtu^lPric di^rticuJuin iniJ dar- membiiinE ii 

bmfccii iii|] irt» ti*4 p*m. whkh only Tbc pronimiJ Mr pctiktiL 

The mcs4dfnn h vlwwn BtfppiHl, 


and shortened by the interposition of meseficb™e between the entoderm of the 
diverticulum and the covering cpitheliuni of the lx>dy-stalk • (fig. 93, C), 

Between the head- and the taiUfolds the embryo becomes constricted off by 
right and left lateral folds. The inten-ening dorsal portion of the ynik-sac, which 
these folds threaten to cut off^ and later succeed in separating from the remainder of 
the vcriclc, constitutes the At first the mid-gut communicates freely on its 

ventral surface w ith the rest of the yolk-sac, but the continued growth of the folds 
results In a narrowing of the connexionp which becoincs drawn out as the vttcHo- 
wt^stinal durt (]i!ga. 90 and 91}* The remainder of the yolk-sac remains extra-embry- 
unic and is often termed the umbihcnii tvnefc. The subsequent history^ of the duct 
and the vesicle will be dealt with later (pp, 1S8, 195)* 

The nutrition of the einbryo. -lti the early stages of development the cells 
of the ovum ded%^e their nourishment from the store laid up within the cell bodv of 

* J. Flarian. Amt. Lotjd., €4+ igjo. 
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the primary' oocyte. It is probable that this naurishmeni is at first maintained in 4 
highly concentrated form and is subsequently Uberated in a more dilute fonnV 
readily available for absorption, in the cavity- of the blastocyst, and also in the 
primary yolk-sac and later in the definitive yolk-sac (p. 71). In addition,^t has been 
su^ested that the blastocyst derives nourishment from the uterine glands 
during the process of embedding, from the portion of the uterine u-all which has 
been destroyed. There foIlow^s a period of ahout two weeks during which the 
embryonic disc is dependent on the nutriment it can obtain from the Ruids which 
fill the cavities of the amnion, the cuclom and the yolk-sac. These fluids probablv 
contain material absorbed by the trophoblasi from the uterine tissues and the 
maternal blood, modified, perhaps, ae they diffiisc through the amnion and the wall 
of the yolk-sac. However, at an early Stage in development these sources of supply 
arc cut off, Tiie neural groove is converted into a blind tube bv the closon: of the 
ncuropores, the exocwlom becomes greatly reduced (figs. 89 and 91) and is later 
shut off from tlie ccriom, and the obliteration of the vitelline duct separates the volk- 
sac from the gut-tract. It therefore hccomcs essential that some other source of 
food-supply should be rendered available at an early stage. The maternal circula¬ 
tion is selected, but it can only function as a source of supply when it is brought into 
close, though indirect, contact with the embiyonic circulation. l)n this account, 
the formation of angioblaatic tissue is very precocious in the human erabry-o. 

The work of van der Stricht, Sabin and others makes it highly probable that the 
earliest atigioblastic tissue is forriH-d in the deepest part of the mesenchyme covering 
the eniodermal veside or yolk-sac, early in the third week. About the same time, or 
dightly later, angioblastic tissue can be recognised in the connecting stalk and 
in the primary mesenchyme of the chorion, and a little later it appears also in 
the embryonic area. I'issuc spaces form in the angioblast and the cells which line 
^esc spaces take on the characters of typical, flattened endothelial cells, and adjoin¬ 
ing spaces run into one another and form a capillary plexus. While the spac» arc 
in process of formation small, localised groujK of mesodermal cell* project into their 
interior and become cut off to form blood islets. 'I'hc constituent cells of these 
islets besr-'me modified to foim the blood corpuscles (p. 153). 

, vessels formed in the chorion soon establish an intimate relationship with 

' the maternal circulation (p. 90). The vessels which develop in the embryonic area 
form two longitudinal channels, which, at their headward ends, project into the 
dorsal wall of the pericardium. 'ITicv are the mdimentary- right and left dorsal 
aorta.*, and at their cephalic ends, after curving ventral!v on the lateral wall of the 
pharynx to reach the cephalic end of the pericardium, they fuse to form a primitive 
tubular heart. At the caudal end of the embryo they traverse the connecting stalk 
as the rudimentary umbilical arteries and breit up into capillaries in the chorion 
The venules from the chorion converge on the stalk where they form the right and * 
left umbilical veins, which run headw ards in the somatopleure, cltjsc to the margin 
of the embryonic area, to reach the caudal end of the heart. ^ 

It will be rcmcmbericd that the pericardial cavity never communicates dimctlv 
with the extra-embryonic cmlom, and at its cephalic limit the somatopleure and 
splonchnopleure become continuous (fig.167}. W'iththc fonnat ton 0 f th^hcad-fold 
the suriaces of tlic pericardium are reversed, and the original cephalic limit comes to 
lie in intimate relation with the wall of the Ibrc-gut at the ventral border of the 
anterior intestinal portal (fig. 169}. As the floor (caudal limit) of tiu: pericardium 
deepens ventridorsally, the mcscnchj-me between it and the gut forma a ^cet which 
is termed the Sfpram tfMttwuin. Priorio reversal this mesoderm forms a U-shaped 
mass mtervening between the pericardium and the exlra-vmbtyanic crnlom 'Ehc 
septum transvereum later plays an important part in the development of the dia 
phragm. At this stage it is bounded on its headward surface by the pericardium 
and on its caudal surface by the fore-gut; on its doraa] surface it is limited bv the 
ctclomic ducts, which connect the pericardium with the peritoneal cavity and on its 
lateral surface by the opening of the peritoneal cavity into the estra-embrionic 
cirlom which bounds it below. The umbilical and body-wtill veins, which run tn 
the somatopleure, and the vitelline veins, which run in the splanchnoplcute meet 
one another in the septum transversgm and so gain the venous end of the h^ 

In this way there is established the circulation, through the vessels and tissues of 
the embryo, of blood which has derived oxygen and nutrimefit from the maternal 
circulation. 
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THE FCETAL MEMBRANES AND THE PLACENTA 


The allantois (figs. 87 and 93).—The allanto-enteric divcniculum arises early in 
the third iveek as a solids eniodermal outgroi^ th from the dorst-caudal part of the 
yolk-sac and grows into the primar^^ mesenchyme of the connecting stalL It soon 
becomes canalicultsed and when the hind-gut is det'eloped, the pro^cimal (enteric) 
part of the diverticulum is incorporated in its ventral wall and the distal (allantDic) 
portion b carried ventrally to open into the ventral aspect of the cloaca or leiminal 
part of the hind-gut. The allantoic diverticulum is lined with entoderm and is sur¬ 
rounded by the mesenchyme of the connecting stalkp in which the umbllJcal vessels 
develop at a slightly later stage.* 


FiCr 04,—A human emhr^'o, i-j mm. (From m modri by Etemod.) 

The left wbU of the yoflf-sac and meat of the affloiorL hivc been mnnowd, and 
wCamt of the primary' rnoi^nchiTne of the carmectLng ttulL has been cul away to 
show the alliititois and ihc umbilioil vessels. A portion of the chorjoo and 
rooie of the %ilJi of the drcidlla batalia are thown. 

The cmbi^'onie aiea is seen from the dor^l and left lateral Compaic 

with lig. whieh presenta another iicw of the same model. 



The artiJiioii is a rrtembr^ou^ eac which surrounds the embno i it is developed 
in reptiles, bird&> and mamnnals, but not in amphibia or fishes, 

* In reptiles, balda, and iTuiny mammals the iltantoic divcrbculum expands into a i-eficle 
which proieeSa into the exlra-Cfnbr>onic ceelorn and forms a vascular orj^an TO which the lerm 
ahould be restricted. Ifl the bird it projects M the fiyhl aide of the embryo, arKl^ 
pmdujitly cxpnndina, spreads over the <lon«tl aurface of the Embr>o ut a Hiitlened w betwwn 
the amnion and the sercKBi, and ultim&tcly surrounds the yolk. 1 1 » outer w all becomes applied 
to, and fu&ea vvith^ the Serosa which lies Lmmeditrely inside the shell membnme. Blood is 
carried to thcallaniDic sac by the mo aJlanioic or umbllicAl arteiiei, which are eootinuous with 
the pftmMve aorta?, and after oirvulatins throuj^h the allantoic capillaries, is returned to the 
primitive heart by the two umbilical VeirWr In ibia way the allantoic circulation, which is cjf 
the uEmost impoAoiice in connexion Wish the mpitadon and nutrition of the ehick, ifl estab- 
liahed. ia taken fnxn, and carbonic acid a tfiven Up to the ormosphere through the 

C[i[fl-flbell, and nutritive materials are at the same time absorbed by the blciod from the yolk, 
With I be fonruirion of the amnion t\vz embr^'o is, in most animak, separated entirely from the 
chorion, and is not united to the chorion again until the allimtnic meaenchyme tpreads over 
and becomes applied to its inner surface i but the human embryo^ aa Wna pointed out by HISh 
ia never wholiy seporUled from the chorion, its tail-end being from the fint connected Wilb the 
chonon by means of a thick band of mesenchyme, named the com^ting tialk. 
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appears as a cavity between the foraiadve mssf 
(P‘ 7 f)‘ This cavity is mofed in hv a stratum of flattened cel^ 
Its floor ui formed by the cells of the embryonic gemi-disc-the continuity 
betiiccn the roof and floor being established at the margin of the dLrf: On the 
outside ilic amnign covered with a thin layer of primarv inescnchyme, w hich is 
margins of the disc, both with tKe primarv mcsenchMue 
c venng the yolk-sac and with the intra-cmbry'onic mesoderm. Through the 

wi™ “““'i-y™ 

Fluid, termed liqutv nmnii, occupies the amniodc cavity and inercaaes stcadiiv 
in amount, so that the sac gmdufllly espands and encmaches on the cavitv of the 
cxtra-cmbrytinic ^Jom (hg. gj); this CKpansion continues until the estra- 
c nb^mc cceJoni is obliterated entirely, except for a small portion which is included 
Within the proximal part of the umbilical cord. The liquor amitii increases in 
quantity up to the sixth or scvcnUi month of pregnancy', and then diminishes some- 
w hat. at the end of pregnancy it amounts to i litre. Jt provides a buoyant medium 
delicate tissues of the young embryo and it allows of the free move- 
the later stages of pregnanty. ft also diminislits the risk 
to the l^iKtus of injury' from witliout. It con tains less than iwtt per cent, of solids 

conswting of nrea and ot^her extractives, inopganic salts, a small amount of protein' 
and frequent!V a trace of sugar. luum oi protein, 

US umbilical cord.-'n,c connecting stalk ffig^. 

Sg, 91) IS a mass of pnmary mesenchyme which at first connects the tail-end of 

p™*'n«l part surrounds the ailanto- 
cntcnc dtv^iculum and it is traversed by tJic umbilical vessels. Its dorsal surface 
J 3 ^vtred with the amnion and its ventral surface is bounded by the riini 
embryonic lahm. As 3 result of tJic folding of the erabrj'o and the distension of tlJ 
ummon the connecting stalk come# to he on the ventral surface of the cinbry-o and 
Its mesenchyme upproaches that of ibd yolk-sac and viidln-intcstinal duct ffii 'gnt 
As a co^eqiitrnce of the continued expansion of the amnjon the cstra-embrsonic 
ea-lom woblit^ated to a very krge extent (fig. 91), and the pnly rcminmn^part 
i the elongated vitcllo-mtcstinif duel, and still coinmun1(i?« 

fredy with the mtra-embry onk calom. llic nicsenchymc-covvMvd surfilTra of the 
head, tail and lateral folds of the amnbn converge on the region of the ciinncctine 
stalk and the viuslio-intcHtmal duct, and the umbilical cord k formed as thev me * 
one another (figs. gt), The cord consists of an outer covering of amnion con- 
tauimg in it# .iitermr ihe vitello-mtcstinal duct, partially invested by the mma'tiL of 
the exti^^mbrynmc cmlom and embedded in a mass of primarv rn^nchvme 
tnbuted m part bv tl« head and the lateral fold# but, 10 a much greater Sni bv 
the connecting stalk The umbilical cord, theidbm, incorporatefiJkhin Sf th'e ' 
connecting #taJk and iw eontained umbilical vessels and thSallantoic canal Sgs j! 
and95), nicpart tif the extra-embryonic caslom included in the umbilical ctitd ivtl 
as the sac for the normal umbilical hernia which characterise# ihe^m 

Fji^, 95.—A tmn»^-cTBc aectioTi through the iimhjFiciI cord. 

VruhiltMl arSfry 
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J i The umbilicd cqrd heccime& spimlly twistedp owlng^ it is believed^ to the 
meqLiAl growth of the two umbilicaJ arteries ; it also increases in leiigth so that at 
the end of pregnancy it is '^boui 50 cm. long. When fully develop^ the umbilical 
vessel&p panicularly the arteries^ arc provided with a strong muscular coat w'ltich 
contracis readily in response 10 mechanical stimuii^ The outermost muscle bundles 
pursue an intertadng spiral cisurBcso that, when contracting, they pruduce shorten¬ 
ing of the vessel and thickening of the media with folding of the interna and con¬ 
siderable narrowing of titc lumen. 

The implantation or embedding of die fertilised ovum in the uterine 
wall. As already stated (p. 63fertilisation of the ovum occurs in die lateral or 


FiCp 06.—A fH^rcut of about ciflht vpwks, eiiciQKd in the oninion, mu^ified by ntiHy 
2^ dumeLcri. A portion of the chorton frofidosiini with in bmnchinR vUlj m 
» hciv.-n in the bwt rpflft of the 
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ampuihiry end of the uterine tube* and is immediately followed by segmentation. 
The segmenting ovum is conveyed along the uterine tube tO tlie cavity of the 
uterus by the action of the dha of the epithelial lining of the tube, the joumev 
oceupdng about tliree days. On reaching the uterine lumen the ovum becomes a 
blastocyst but is still surrounded by I he zona pcllucida. ^fhe disappearunce of the 
zona and the formation of plosmndial trophoblast over the region of the formative 
moss provide the pnerequieite conditions for Implantation in the uterine mucosap so 
far as the ovum is concerned. In the Interval between ovulation and the arrival of 
the blostoo'st in the uterine cavityp changes occur in the uterine mucosa which 
prepare it for the reception of the ovum. Tlicse changes will be dealt with latcr. 
Thu necessary' conditions preliminary to implantation having been Fulfilled, the 
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plasfnoilial trophobliist adheres like a parasite to the uterine mucous membranef 
destrojT) the epithelium o%'er the area of contactp and excavates for the ovum a!^ . 
cavity in the mucous membrane in which Ic becomes embedded.^ In an ovum 
described by Bryce and Teacher * the point of entrance of the ovunn tnto^hc uterine 
mucous membrane was visible as a small jgap closed by a mass of fibrin and Icuco- 
evtcs ; i n an ovum described by^ Peters f the open ing W'as covered with a muahraom- 
shaped mass of fibrin and blood-clot, the narrow stalk of which plugged the aperture 
in the mucous membnme. It is believed that this operculum represents a portion of 
the plasmodial trophoblast of the ovvim which is cut off by the decidua capsularis 
{tddi mfm). 

The structure actively concerned in excavating the uterine mucous membrane 
is the plasmodial tiophoblast. This increases rapidly in thickness over the embry¬ 
onic pole and furms over the rest of the wall of the blastocyst, as the ovum becomes 
embedded. It invades and digests the uterine ilssueSp and attacks the walls of the 
uterine (maternal) blood-vessels (fig. 70). Lacunar spaces develop in the tropho¬ 
blastic envelope and establish cornmunications with each other. At an early stage 
many of them are found to corLtain maternal blood (fig, 70) derived from the dilated 
uterine capilbries and vcins^ the wralla of which have been partially destroyed. 

As the lacunar spaces enlarge, their trophoblastic walls become converted into a 


Fjg. —Primflfj' chorionk viHt. DiHgtumiiiflfie. (Modified from Br>'C!c,> 
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spongework, the strands of which become invaded by columns of cytotrophoblasi to 
form the primary iftorionK f r 7 /jf (fig- 97)4 Some of these columns extend as far as the 
decidua, where'they spread btemlly to form the fr*rphMastk sheff (fig, 9^)^ The 
blood spaces between the primary villi expand to form w hat is ultimately know n as 
the jn/f7tt7/(yuj fpaar. The inner wall of this space is formed by the chorion and its 
MUter w all is formed by the shell of trophobhm (fig, 74), The priman^ vilh acquire 
A core of mesench^Tne and are thus converted into seemdtiry viiii (fig, 98) which are 
covered by a single layer of cytotrophoblast, which in turn is covered by a layer of 
plasmodial tiophoblast. It is uncertain whether ihMi mesenchymal core is derived 
from the primarv mesenchyme of the chorionic vesicle or by dilTercntiation fmrn the 
more centrally situated cells of the e^totrophoblastic columns. The secondasy’ villi 
give off numerous branebea and at their outer ends their cytotrophoblast becomes 
continuous with the cv'totrophoblast of the trophoblastic shell, 'fhe shell consists 
for the most part of cytotrophoblast, but it is covered on its inner surface by plas- 

• Contribution to the study of tbc miy dewrkipmcnt Uid imbedding of the huftUin oiiXim, 
tijoS, 

f DU Einbeiiun^ dn mmcMkkfn Ein^ iSw. 

; The djHsificitiofl of the rilli ftdopted here is ihMl su^aeited by tl. Slieve, Mifrph.Jahph. 
7, 1916. 
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)nodmin (fiff. go). As a rtault the blood’bathed walls of the intervillous space and of 
^the vLlli are eve^}'^¥he^c formed of plasmodial truphoWasi. Fmally^ the secondary 

i 

Flo„ —A Bccandar>' chanofiic villin- Drown froni- a photofnicroaropli. 
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villi arc converted into Urtian> villi {fig, loo) by the devcioptnent wirhin them of 
vascular spaces which soon become linked up with the radicles of th^mbilical 
vessels. Ihrough the walls of these villi and of their contained caplllanc^W‘'nm'^^t 


FiOs —Tertwfl-^ choriemic DirtgrunniEtJC. 

(AlodiAcd from Bryct,) 
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and oxygen pass to the furtaJ circulation from the maternal blood in the interviHous 

*^*Tiic plasmodial tmphoblast which lines the intcniltous space has been termed 
rtsorptive trophoblat\* as it is the medium by which nourLshment ta obtained for the 

• J, Flon&n, ErxunizMf^fheJt s. Atkii, AmAe^r, Bd. 66. 192S-9. 
















93 EMBRYOLOGY 

ovtun from the maternal drculaiioo. Plasmodial trophoblast is found in oihc 
situations ako^ ajid especially aroiind the periphery of the ovum where actively 
growing strands of plasmodium are responsible for the continued dcstnic^ign of the 
uterine tissues. This variety h termed pFoliferatm tFophohlast^ and its function is 
to enlarge the bed in which the ovum lies so as to provide for its increase in si^c. 


t ic, loar— A ImnsVero^ section of D Tertiary chofiontc \illua, 
Ataincd urtlJl hannatoxylin and coain. 
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Wherever these strands of proliferative trophoblast break through the wall of a 
uterine blood-vessel and come into contact with tlie blood-atream, thtv teod to 
chMgc their character and beconie tranafoitncd into the more passive resomtive 
v'aricty^ ^ 

Cyclical changes m uterus.—Throughout the period of fertility (i.e, from 
about the 15th to the 45(h year), except during pregnancy and iiicutioh a series 
of closely related cychcaJ changes occur in the ovary, uterus and vagina Each 
cycle e^tr"d3 over a periM of about iS days. In the ovarian cycle one foMide 
^V'v reaches full maturity, ruptures and releiises its ovum during this period 
The nail of the follicle is then transformed into an iinp<jrtant endocrine structure 
the forpus luteiim fp. 1510). Abtiut to day^i after ovulation the corpus luteum begins 
to regress, then ceases to function and is replaced by fibrous thsue. ^ 

The cyclical changes in the uterus chiefly involve its lining mucosa the eWo- 
wwrriifin, and constitute the menstrual cycle. This comprises four phases (a\ 
mensinial, (A) fH/it-mfuitrual, (e) intervui and (J) prenienslttiaJ. t \ f 

In the menstrual phase the superficial part of the endometrium, next to the free 
flurfanje, is shed piecemeal, leaving only the basai portion, adjacent to the uterine 
muscle (fig. toi). Outwardly this phase is marked by a discharge of blood with 
m^rotic epithelial debris from the uterus through the vagina. 'I'his discharve con¬ 
stitutes the menstrua! and lasts a period of 3-4 days. In the postmenatrua] 
phase, and even before the menstrual How ceases, the epithelium from die perslstinc 
basal portions of the uterine glands grows outwards over the denuded surface of 
the endometrium. The endometrium is then 1-2 mm. in thickness and lined bv □ 
low cubical epithelium, The glands arc straight and narrow. The stroma is dense 
and contains small numbers of lymphtjcytcs amon^t its spindle-shaped connective 
tissue cells (fig. toa). 

During the interval phase there is a growth of the endometrium associated with 
the presence in the blood stream of i^ffrageii, an iniema] secretion produced bv the 
ovary' (fig. io6a). 'I'hu endometrium thickens to about 2-3, mm. Mitoste am 
present and the glands become distinctly tortuous. Their lining epithelium be 
comes tad columnar (fig. 103), In the latter part of the interval phase clear spactt 
appear in the basal parts of the epithelial cells lining the glands (fig, 104) The' 
vacuoles increase in aLse, occupy more of the cytoplasm and the nuclei ar^displawd 
from the basal regions of the cells towards the lumtna of the glands. Secretion is 
exuded into the lumen and for a while the glands may be distended ^vitli secretion 
containing mutin and glycogen which can be demonstrated both in ihn; cells and in 
the gland lumitia with mucicormine and Best's carmine stains. At the end of the 
interval phase no mitoses can be seen. ' ™ 

Ovulation occurs a bou 11 4 days before the onset of the nex t menstrual flow The 
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thangcs which occur in die p^^^.menstmal phase are dependent upon the presence 
the hlooiistream of pre^Mtefom (fig, Io6a) an internal secretion of the corpus 
lutcum, in addition to cEstrogicn. 

The pAmenstrual phase occurs during the 7 days itnmcd lately prior to the next 

Fio. iai,“Sc«ion of d humfla mdometrium durina the meimtmdl phase. ^83, 
Stained with hanruiieaylin and eotin. Kindly lent by the Shmrock Museum, 

Si. ^loapical Mediaul School ^ 



mcn^truA] flniv* The mijcous mcmbratie beccames much thicker and at the end of 
the pha$e may be 7 -3 mm. deep. In their middle portion, iht glandu become more 
voluminous and their v^'alls are folded upcm themselves so that tuft-iike processes 
project into the lum-cn. This the glandular waW a saw^tcxjthed appearance in 
longitudinal section. Secretion is seen in the lumen of the active parts of the glands 
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The gisnd epilhelium ^vhich was tall and coluiniiar at the corntncnciimciii of 
pha^e becomes frayed and worn down in the aspect facing the lumen and the nuclei^ 

resume tlieir original basal position. 
The basal parts of the glarfd adjaeeni 
to the uteri rtc mtiscle take little or 


Fig. 102.—n hmrma endomLtriuiTi 
during? th^r pfiM-mrniitrU4i phise. 

^ts.Lned with hicmnlO^yHti iUld onsiln. Kindly 
lent by the Slmtlock SluKum, Si. 'HiOEiniAV 
|-|Li»Hpital XlechcaJ Schc>ol. 


no part in these changes. In the 
later Stages^ of the pretnenatrual 
phase charaetensttc changes appear 
in iht siroma. These changes are 
especially seen in the superficial 
part of the endometrium and around 
the h]i;;H>d vessels, lien; the stromal 
ccUSt hitherto not clearly defined 
from one another^ are enlarged and 
swollen and for the first time definite 
cell outline can he clearly seen, \ 
few mitoses may be seen in the 
struma at this stage^ The simmal 
changes constitute the premcniftrual 
decidual reaction. The striit;i can 
now be clearly recognised in the 
endtrnietrium (fig. (05) : 

I. Stratum a/mpacium^ ncKt to 
the free surface in which the necks 
of the gland are but slightly ex¬ 
panded and the stromal cells show 
a distinct decidual reaction^ 

i. Stratum spon^iosum^ where 
die uterine glands are tortuous^ 
diluted and ultimately Separated 
from one anuiher by a small amount 
of intcnglaildular tissue. 

3. A thin slrafum hasaU^ next to 
the uterine tnuacic contain mg the 
tips of the uterine glands emlH'dded 
in an unaltered stroma. 

In the lust days of the pre¬ 
menstrual pha.^lymphcM:)ic?; appear 
in the cndomcirium m increasing 
numbers. They are found between and beneath the surface epithelial cells^ 
amongst the stromal cells and around and betwncen the gland cells. Tow^ards 
the end of lids period, with rcgreSvSion of the corpus luteum, those parts of 
the stroma showing decidual reaction and gland epithelium undergo degenerative 
changes as shown by their pewn staining reaction, "rbe endometrium may diminish 
in thickness. These d^cncralivc changes m the endometrium precede the hleeding. 

During menstruation bh^id esespea fnjm the hUmd s'castls in the superficial 
strata of the endometrium. Smjill haemauimata form beneath the surface epithelium 
and raise it up. Blood and necrotic endometrium appear in the uterine lumen, 
'fhe amount of tissue lost is s'ariable, but usually the stratum com pactum and most 
of the Spongiosum is desquamated, llie shedding of the endometrium starts at the 
surface and extends into the deeper parts. 

'Fhe endometrium is regenerated from the stratum hasalc and that part of the 
spongy hiyer which remains^ The surface epithelium hs reformed with remarkable 
rapidity. 

Ilie vascular bed of the endometrium undergoes significant change.^ during the 
mer^strual cycle. The arteries to the cndoinctrium artst from ^ plexus in the 
iiuiscular coal and coiisisi of short straight vessels to the basal portion of the endo- 
mclrium and mure museuLir-wailed arteries to its superficial two-thirds. I'he 
venous drainage consists of narrow perpendicular vessels which anastomose by cross 
branches and is common to both I he superficial and basal layers of the endometrium, 
Thu arterial supply to the basal part of the endometrium remains unchanged during 
the menstrual cycle* spiral arteries to th^ superficial strata, however, lengthen 
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FlC. lO^r—Hcctian <if A huiruin endo¬ 
metrium duriiiR itie interval phj^. 

<53. Siitamed with hietnaiQJtylm and 
eosin. Kindly lent by the ShaH^k 
Muieum, tsi. "niomaa’s Koji^pttiil 
Mi.wJicai SchtKil. 


ilEgproportiyiiately+ bectiniE; increa3ingly sruiltd and ibcir lips approach morcr I’loftcly 
Q the uterine epithelium during the interyal and more mtarkedly in ihe premensirual 
pltaae of ihc menalmal cycU\ This 
leatb to allowing of the cireulaiion in 
ihe superfkki strata with some vasu- 
dilation. Immediately before thtf men- 
gtriial How these vessels begin to constrict 
intermittently causing stasis of the bk«>d 
and anaemia of the auperfictaJ strata. 

During the periods of rclaxaiinn of the 
vessels blotjd escapes from ihc damaged 
capillaries and veins, thus causing the 
menstrual haen^nrrhage. 

The changes in the ctulometrium 
leading to the hypertrophy of the 
premenstrual phase arc a preparation of 
the cndorncLriam for the reception ul 
wum and Tesult from the 
igen and progesterone 
11 leriilisation of the ovum in 
question docs not occur, the corpus 
luieum undcrgioes degenerative changes 
and pKtgcsierunc is no longer secreted. 

The inference is ahvays that the history 
of the corpus luteum depends rather on 
embedding of the ovum. The effect of 
the al>sence of progesterone, together 
with the simultaneous diminution in the 
amount of oestrogen in the bli>od renders 
the uterine muc<.>sa unstable and about 
12 lu lb days after ovulation some of 
the dilated %'«sels break dowo, patches 
of uterinc epithelium become necrotic and 
a new menstrual Row' begins. The cycle 
comprises a pre-ovulatory and a posi- 
ovubtory pha;SC, which are of ap- 
proNtmiitely equal duration, although 
there is a tendency for the pirc-ovulHiory 
phase to be more variable than the 
post-ovulalory=’ phase. 

Menstruatitm frequently occurs in 
llte absence of oxTjlation, particularly 

artiund puberty and in women approaching the menopause. Instead of bbcmtng 
its ovum, the ripe foDicle fails to rupture and undergoes degeneration. This 
accoinpanicd by a rapid reduction in oestrofien secretion with consequent break- 
down of the uterine mucosa in the intert^al phiiac and in the absence of the changes 
c\^kcrl by ilic prcjuiuce of prrugcstciiwnc in ihc blood stream.* 

The decidua.—If fcrtilisaiion takes place, the corpus luteum continues tc 
function actively, tlie secretion of progesterone goes on uninicrrupledly (fig. io6b>. 
nienstruatJon does not occur, and the itiickcncd and vascular mucous membrane, 
which is now known as the dftidua, is ready for the reception and embedding of a 
fertilised ovum. In addition the interglandular tissue is increased iti quantity ; it 
contains a number of leucoct tca. and is crowded with large mund, oval or polygonal 
cells termed dreiduai cells. "These arc connective tissue cells of the endometrium 
which have accumulated gtveogen or lipoids. They arc conspicuous in the early 
stages of gestation hut tend to disappear in the later months. Their precise signifi¬ 
cance is unccrAin. Possihiy they olfer pabulum which attracts the prulifentlivc 
trophoblast but, on the other hand j they are often regarded as a defensive mechanism 
to protect the cndonictriutn from escessive destruction. These changes arc well 
advanced bv the second month of pregnancy, when the three sinus rcci^isablc in 


G. W, Comer, 1*4, 193S. 
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(be* premenstrual phase, the stratum enmpaclum, stratum spongiosum and stratum 

baailc are belter differentisted and easily distinguished. 

After thtf ovum is embedded,distinctive namKare applied todificrenl portions o 
the decidua. The port i/vhich covers the ovum is named the diddua cap$mrts ; the 


104 .—l>«ticn of a hiimmi endometrium at about iht seventycnBh day of the 
mcnjitnt^l cycla lo fthow the aeoumuNtion of sMrctbm in the hmm parts of ™ 
epithelial cella Uninf? the r»tl3liPH m displ^wenl of the mcla towai^t 

ihc lumeri df the K^md. k ^oo- Stained with hitmiifoxyhn and ™tn. Kmdiy 
Itfni hy the Shaooct Muicuin. St- ‘lljonibii’* Uospiial MedicaS Sebool. 



portion bctv^ecn the ovum and the uicrinc muscular wall i& named the decidua tasatis, 
and it is here that the placenta is aubsequendy dcvcbixd; the part which lines 
ihc remainder of the body of the uterus is known as the decidua parielalit 
(Hig. to8). 

Coinddcntly with the grtnvth of the embryo and the cKpansion of the cavity of 
the amnion (p 88), the decidua capsulans is thinned and dbiendcd (Jigis, 107 and JoS) 
and the space between it and the decidua parietalis is ^dually obliterated. By the 
banning of the third month of pregnancy the decidua capnbris and decidua 
parietalis are in contact; by the fifth month the decidua capsularis has practically 
disappeared, while during the succeeding months the decidua parietalis also 
atrophies, ow ing to the increased pneasure. The glands of the stratum compactum 
are obliterated, and their epithelium U lost; in the stratum spongiosum the gbnda 
are compressed and appear as slitdlke fissures, and their epithelium undergoes 
degeneration ; in the UmitEng or boundary' layer, however, the gbndubr epithelium 
retains a cubical form. 

The chorion (figs, Hfi in 92 and 97 to 99) consists of an outer htyer of trqpho- 
blast, and an inner of primary' mescnchyTTie (p. 71)* M already stated (p. 90). the 
tronhoblast undergoes rapid proliferation and fomts, on the surface of the chorion, 
a succession of processes which are knowm m the primary^ stcottditry and tertimy 
choTwnicviUi (fig»^ 97 '’ 90 )* carried from the embryo to tije chorion by the 

umbilical artcri^it and, liter circulating through the capillaries of the chorionic villi, 
is returned to the embryo by the umbilical veins. From the third week until about 
the end of the second month of pregnancy the entire chorion is covered with villi 
w hich project into the decidua b^Ls and decidua capsnldris (fig. io8), Tlaosc of 
the decidua basaUs arc longer and sliow more numerous" branchea than those 
of the decidua capsularis. With the growth of the embno and the expan- 
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sion of the amiiioiTC cav'ity the deciilu^ capsiilaris is 
thinned and compressed, the circulntion through Ix la 
gradually cut af[, and the \illi of ihc corresponding 
part of tht chorion airt>phy and Jisap^vear, Thsa 
portion of the chorion h^omes smooth {ehfjriofi 
and, as it takes no share in the fomtationof 
the pSaccrita, is stjfnetimes named the ntjn-placental 
pan of the chorion. On the other hand, ihe vtUt on 
that part of the chorion which is in contact with 
the decidua hasalis increase gready in sIkc and com- 
plexitv, and hence this part is named the cht/rhtt 
frondosum {figi. ^9,108). It constiiUEes the placental 
area and here the interrinous space hecomes cx-^ 
panded at the ex pense of the stratum com pactum 
and the superficial part of the stratum spongiosuna. 

The pEacenta (figs. loS to ito) connects the 
foetus to the uterine wall and both ftrlal and 
tnaiemal tissues share i n its fonriation. It is ^ the 
organ by means of W'hich the resptnatgryp nutritive 
and cKcretory functions of the fcctiis are performed. 

7 Vjr se{Hiraiion of iite p/ocen/o.—After the child 
is bam, the placenta bec<imcfs separated from the 
uterine wall andp together with ^e " niembmnes, 
is expiellcd as the Siparation lakes place 

along the plane of the stratum spongiosum and 
extends Ewyond the placental area so as to detach 
almost the Vhole thickness of the decidua parictalis, 
ren^ains at ihc decidua capsularis, charioti laeve And 
amiiiou, which have become fused with it. J htisc 
three layers are continuous with the placenta at its 
margin and they conatilule ihe " mcmhraTics", The 
process of sep^tion ncccsiSarily causes rupture of 
uEt-riue Vessels but their tont ends arc closed by the 
firm contractiuri of the muscular wall of the uterus 
and thus, under normal circumstances, pfjst-partmn 
haemorrhage is limited in amount. VS'hen the after- 
birth has been ex [Hilled, a thin Uyer of the stratum 
spongiosum ia left as a Ibing fo'r the uterus but it 
undcrgiHS degciiemtion and is cast off in the airly 
part the piicrpcriitm. t he mucous membrane, 
the glands and the epithelial lining of (he utems itre 
regenerated from ihc limiting or btumdarx' layer 
(p, 96) of ihe decidua. 

MatroS£i?l>k appruruncts .—The expelled placenta 
is a discoid mass which weighs alioiit 5™ 

(hAmeter varies from t^-io cm. and its depth from 
3- 4 cm. near its centre, rapidly diminishing towards 
the periphery* Ii3 fiTlot or tnnrf suf/ort, which is 
(x>vertd by the amnion* is 3ni<K>th and transparent 
so that ihe mottled appearance of the choriou can 
be seen through it. The umbilical cord is usually 
attached near the centre of the fmial surface and the 
branches of the umbilicaJ vessels radiate nut under 
the amnion from this point, the veins being dee^r 
and larger than the arteries. Beneath the amnion 
and close to tlic attachment of the umbilici cord, 
the remains of the yolk-sac can somettmes be 
identified AS a minute sac with a fine thread—a 
%'cstjgc of the vitcllo-intestinal duct—attached to it. 

Tile matrrfjiil or outrr wrfo££ is finely lircgiilar in 
appearance and is majSped out into from 15 to 30 areas 
by a series of fissurot or grooves. These areas are the 
u 
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b^iscs of the k^buleft or c&iylrdom and from the grooves between them incomplete 
septa extend into the substance of the placenta^ 

MicFoicopu: appearances .—The foetal surface is covered with a single layer of 


Fic. ro6 {a).—O raptiic: rtprcscnlarron of the menbtnukJ cycle 
in the absence of fertiliBiatfon r 
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epithelium of the amnion—not always easily reeogntsoble—beneath w^hick the " 
primar)^ mesenchyme of the amnion and chorion are continuotts w’itli each other and 
enclose the larger branches of the umbilical %essol@. The cytotrophoblast of the 
chorion, which shows occarioniil patches of synci'da] tmphohbst, forms the inner 
ivalJ of the deep mterviUous tpace, which is hlied with maternal blood. 

From the outer wall of the ijiteiw'illoius space the placental septa extend almost to 
the inner wall m that the Individual cotyledflfis are shut off from one anotlier except 
near the chorion, where they rammunicale freely. 'Hicsc septa are non^\^ular 
and consist of trophoblast and hbrinoid substance. !n each cotyledon a lame firm 
ci 7 /uj extends from the inner to the outer ivall of the intert iLbns space and contains 
one or more relatively large branches of the nmhihcal artery and vein. At its ex¬ 
tremity each stem villus is anchored lo the trophoblist of the outer wall, but it givea 
origin 10 a large number of branching villi which project into the intervillous space. 

At first most of the bnitiches of the stem vUli are free (fig. loSj but, after the 
second montht more and more of them become connected to one another and lo the 
outer and inner walls of the intemUous space. It is, however, doubtful whether 
dicse connexions are more than adhesions, although the covering^trophoblast dis¬ 
appears and their mesenchymal cores become continuous. As a result, the whole 
framework of the placenta is converted into a sponge In the meshes of which the 
maternal blood can only drcmlatc slowly, • I'his has been tiamed the vtlhustne 
of the ii^yrrniftwe httmochorial placenta. ^ ^ 

i 

■ II. Stievc^Z./. Fwick, 4I, l^o. 
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The outer wall of the intervillous &piiceT tenned the plutt, is formed by the 
deeper part of the str^ttim spangiosum, some hhrinoid su^tafice and cviotr&pho- 
blast and so is partly maternal and partly fcctal in origin^ Numerous bnmehes from 
the coiled arterioles of the decidua 


away 
pierce the 
tribuiaries 

pie^ciice 


pierce the basal pkic and keep the 
intervillous space filled with maternal 
blood. These vessels lose their 
muscular coats as they enter the plate 
and their sinuous^ terminal portions 
are lined only with eudothcljum. 

The veins which drain the blood 
the intervillous space 
basal plate and join 
the uterine veins. The 
marginal sinus, which 
fias hitherto been described as a con¬ 
stant feature, occupying the peripheral 
margin of the placenta and communi¬ 
cating freely with the intcr>illous 
spaec^ has not been confirmed on 
c^tami nation of a series of placefiliE, 
at varying stagosi fijced and cut in 
liiu* 

Groivth and functions of ihi 
pUiCfnta ^ — In the early stages of 
placental development the blood in 
the fa-tal vessels is separated from tut 
maternal blood in the intervillous 
space by their lining endothelium, the 
mesenchyme of the villus and the 


FiCr Diagram sb&mnK a younn ovum em¬ 

bedded in the uterine dcdduii near the fundus. 


covering cyto- and syncytial trophobbst 


fhg. loo)* In this way a hamer is interposed between the two blood currcnis 


Fig. i^.—A ficctiom] plan of the gmvld uE<5rus in the second month. 



but it is a penncable barrier and allows W'Utcr, oxygen and other nutritive 
substances^ and hormones to pass from the mother to the feetus and some 
* W* J. l{ain£ltOii and J* D. Boyd, /Votf. Roy\ Sk. Med-, 44. and H. Slieve, 

Anis., 96, 194B. 
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of ihc products of excretion to frofii the fa^tus to the motiier+ During 
the first half of pregnancy the placenta not only increases its sur^cc 
area, but reaches its maximum thteknessn The grovith in depth ranlis from 
Incre^ in the aixe and length of the stem viIlJ+ and ia not accompanied M' any further 
invasion of the uterine wall* In the latter half of pregnancy the placenta increases its 
surface area and doubles its diameter^ but it docs not increase in thicknessn* It 
therefore tends to fail to keep pace with the growth of ihc focttia, hut, in compensa¬ 
tion* the placental barrier becomes reduced in thickness. After the fifth month the 
trophoblastic covering of the villi becomes reduced to a thin layer of syncjitium and 
the fmtal capillaries approach clo&c to the surface of the villus (fig, i J i). Asa result, 
at term the foetal and fnaiemal blood-currents arc separated only by the syncytial 
trophoblasL and the enduthtrlium. The mechanism of transfer of stil^tances across 
the placental barrier is complicated. The accepted physico-chemical concepts 

Fio^ lO^j, —A ftruia in Ufem, between the ftfth and sijsth month*. 



n'fl/r tjf u$€ni€ 


suffice to explain gaseous exchange and the transfer of many aiibstanccs in simple 
solution, '^rhe transfer of substances of high molecular weight such as proteins and 
lipids and of antibodies is not so readily undcrsti>{>d.t '^I'he problem is complicated 
by the fact that the tnophublast itself is the site of symthesLs and storage of certain 
substances. Recent histochcmical investigations suggest that proteins and steroid 
hormones are synthesized by the syncytium and that chorionic gonadotrophin is 
secreted by the cyiotmphi>htasl* It may be niited alst^ that leucixrytcs arc more 
numerous in the blood of the umbilical vein than in that of the umbilical artery, a 
hict which suggests that leucocytes may migrate from the maternal blood, through 
the placeniai barrier into the foetal capillaries. " 

• \\\ J. HamilTDO Olid J* D. Bayd^ /Vo£+ Roy, Sot. 44, 1951^ and H. Sriev^, .-tnai, 

96* 194*1^ 

t Sir Joseph BartrofT* " R«ufarchc* on Prc-njitiil J546. BEiifJ(%\%-|l ScienfiHc Pyb- 
lictikiti^i Ltd,, Oifoni. A. St. O. HuiujeH And Jh Hamnicfid iti Maisharn Phyriolo^^ 
RepfiKluftton, Vnl. ediled by A, S. Parke*, 193^’ 
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Site fl/ pliieental aitacfimeat. —As a rule the placenta is attached lo the posterior 
wall of the uterus near the fundus, w^ith its centre in or near the median plane. 
The site of attachment is deicrmined by the point where the blastocyst becomes 
embedded abd the factors on w^hicb the precise point depends are not yet fully 
understood. The placenta, however, may be amehed at any point on the utciinc 
wall, but these variationB offer nocomplicarions to a normal labour unless the placenta 
Is attached so low down that it over! ies the internal os uteri, w^hen it may give rise to 
serious haemorrhage, especially if it is nearly central in position. I'his condition, 
which occurs in about 0+5 per cent, of cases, is known as plaieni^ pntiria. 

Hic umbilical cord, although usually attached near the centre of the organ, may 
reach it at any point between it& centre and its margin, [n the latter event it is 
knowm as a" battledore ' placenta. Occasionally the cord fails to reach the placenta 
itself and ends in the membranes in its vicinity. This is termed the relairrentous 
imertia/i and the larger branches of the umbilical vessels traverse the mcrnbtnnes 
before they reach and ramify on the surface of the placenta. A small accessory^ or 


FlO„ lie.— The ftrtal ^rffice ot a recently delivered pli^nta, drawn from n 
cnleured phatof^raph, Te the editen- by Mr. E. F. Gtbbcrd. 

The n^atemal aurfa.ee is exposed in the Edw^cj and riijht comer of the flmirc. 
NoEc rhe small branches of the uterine artcrv' and the EcriH of ppooves. N nte also 
iht amnion And chorion which have h«n cut away near the placentul margin. 



sutcrnturidte placenial lobe is occasionally present connected to the main organ 
hv membranes and bkK^d vessels. 

At birth, w hen ligature of the umbilical cord is ddayed, the blood volume of the 
child is, on the average, appreciably greater than it ts when the ligature is applied at 
the earliest possible moment.* It Appears that in the former case most of the blood 
m the fcEtal placeJital vessels is transferred from the plawnia to the fcelus. The 
tneaning of the phenomenon is far from clear, for in tlie rirst few' days of life after 
late ligature of the cord the ncwJy bom suffers a loss both of plasma volume and of 
ha'mt^lobin.f 

• 0. B. dc MAtrshK W, F. \Vind1e arid li. L, Ah^ Amfr.y. Dit. 63 , 
f 'F- Coiscr, 7. PhytioLi ^ 
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The Phylogeny Cif the Placenta.*—’" The mflflimflliaji pbeenta an apposition 
or fusion of the foetal meinbnincE to the uterine mucosa for physioloj^ical exchanRe, y 

The true chorion is ava^utar and in the n^mab either the yolk sac or allantois or 
both may estabiish a functional connexion with the chorion to form a^ctfcno-vitclline 
or chcriu-ananlnic type of pbeenta. The so^al ted chorion of most cuthenan niam^ls 
is in fad on alknlo-diorion and is vascukrised by the anantotc %essclfi and the 
principal pathway fbr the transfer of material between the mother jind foetus w 
usually a ■churio^allantoic placenta. In man the placcnia is rc^rded as allantoic ui 
origin'and the body stalk as the homologue of xhc allantois in whklt ibc cndodcrmal 
vesicle is i csd^iioJ, and the utnbilicnl vessels represent the allantoic vessels. 

The degree of intinmey of fusion ur apposition of the aliantcnchorion Tvith the 
uterine mucosa varies in ^liilerent miirmnals. It seems probable that in the ancestral 
vlvapamus nuammolH the relation of the cUanto-chorion to the uterine mucosa was one 
of apposition and not fusion, and the type of placentatton is tenned eptthehv~^honai. 
Probably the whole of the outer surface of the chorion was implicated and the placenta 
WHS thet^fure diffmr as opposed to discoidal placenta found in man. Such a diffuse 
epithelio-chor^ placenta is found in some ptesent-day Tnarmnals. Sonic aulhoriiic^ 
regard this as a reversion to the primitive type and not as a peraiitinK primilive 
feature. As the lelationship between the maternal and focta] tissues is one of contact 


Fec- I r I -—Fart pf a section of « branching villus tn a mature placenta 
(9Eh rrusuth). 



only no part of the uterine mucosa b shed at term imd the placenta is therefore 

termed noft-dt!€iduaifr. , „ t . ■ . . * c i- 

Fusion of the trcphoblasi covering the nHantO'Chnnun with die uterine epithelium 
results in the disappearance of the latter and rise to the lyffdcsmmlwrial type of 
placcntatiun in which the Tnniemal blood stream remains lieparated from the chorion 
by its vascular endothelial walls and the surrounding rtbro-areobr tissue. 

Disappeortince of the enEheaihing fibra-areotar tissue—the nest stage in placetitnl 
development—brings the maternal vascular endothelium in direct contact with the 
tmphoblaiit of the allantt>-ch(?riim, produtinR on fndofhtiw-ihcrial type of plaeentation 
which may be restricted to a brxiad band around the transverse of the chorion—' 
the sMtary as opposed to the diffuse and the discoidoJ forms. 

Lastly the disappearances of the maternal vascular endothelium brings the 
matcniiil bltj^treora into direct contact with the tmphoblast of the ahanto-chorion 
and gives rise to the hacmochorial ti’pc of plocentation. This is the type seen in man 
and most primates. 

niic alHjve class tfication, based on the degree of approKinintion of the foetal and 
maternal bloodstreams forms a useful guide in physiological cnnsidcrationS of the 
transfer of materials betw^een the mother and the foetus, ii must be remembered ^ 
however, that in some mammals a diDriD-viiclline placenta may alan be present. In 
some esses the uterine blood vessels may even penetrate the uterine cpiihelitim. 
Furthermore, the pbccntal barrier may in its structure at different stages and 
tends to become attenuate*! with the advance of pregnancy. Thus in the late placenta 
of some rodents, in w^^hich the relationihip wels originally hflen^^choriaJn only the 
endothelium of the foetal blood Vessels may remain in places to separate the maternal 

• O* B. Wiilocki, Cmir, Embryvt., Camcg- Imtn., za, 193.7 1 J Hi|l,FW/, Roy. 

Ijondon^ B, oar, ty.ti: Gimser, 1 ..'Irfcif. GfitfSith., KryoiizunRshert, 81, 

i9:j6 I H. W* Musumoji, CpifEJf. Cameg. Inttn., 36, 1937 E. C. Atnamsap Placents- 
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«nd foetal blnod Stream^. This relutKinship is termed ItartnoendollKUaL Finally, 
some ehorio-alluntoie placentae combine the diffetent sttuemtal tt-pes and it has been 
mainiained that the syndesmo-chorial relationship, seen only in the bovine placenta, 
occurs over II very limited area, , . . i_ -j i„ 

On tbc basis of their architecture mo vanebes of placenta can be reco^ised, 1 n 
the conimoTier and probably more primiiive fjrAjrWn/Wae variety the tropboblast fottiw 
a fine mesh work with many intersecting strands, l^c atran^ of the mesh work 
usual!V possess fine cores of mesencli>tne surrounding the chonontc ^piltanea. In 
the rithta variety, which occurs only in hacmochorial placentae, the intersecting 
atnmds are lost and the chorionic villi dip into or cross the mtcTMlIous space. 

The placenta of the platyrthine mcmkci's is labyrinthine, haemochonn! in type hut 
in the catarrhine monkey's it displays features of both the labyrinthine end villous 
varieties and may be regarded as transitional in character. I he villous haemochoria 
placenta is found in the anthropoid apes and itum. 


TJ 4 E DEVELOPMENT OF THE INDIVIDUAL SYSTEMS 

The development of the embry o has already been traced to a stage at whi^ the 
process of differentiation Uccomra so complicated that it is no longer possible to 
deal with the embryo as a w hole. At this stage the em^'o, which is about 3 ! w^fca 
old, is only panly constricted off from the yolk-sac. The head and taiUblds have 
foimcd, with the resultant enclosure of the fore-^t and the hind-gut. The projec¬ 
tion caused by the fore-brain is now the cephalic end of the embryo, and the oral 
membrane and the pericardium lie caudal to it on the ventral aspect. The secondary 
mesoderm has differentiated to a certain extent, and its partial portion is under¬ 
going segmctiiat ion with the rcaultan I foirnation of mesodcitnic somites. The ncu ral 
Biraive is in process of closure to form the neural tube and it is separated from the 
dorsal wall of the gut by the notochord. 'Fhc earliest blood-vessels have been laid 
down and a primitive tubular heart is present in the pericardium. The chonomc 
circulation will shortly be established and thereafter the embryo will denvc all the 
nourishment which it requires from the maternal blood. Fhc intra-embryomc 
cwloni comprises the pericardium, the right and left pericardmpenioncal canals 
which lead toilwprds from its dorsal aspect, and the pentoneal cavity, into w-hteh 
the pleuroperitoneal canals open caudal to the septum transversum and so establish 
free communication with the cxtra-ctuhryonic crelom (fig. R4}' 

Henceforth it is necessary to deal with the devtioptnent of the various sj'stetm 
and organs independently of one another, but, in the pag« that lollow. it 
will frequently be necessary to refer back to the stage which has just been 
i^ummnriscd. 


THE DET-TLOPMENT OF THE SKELET.AL SYSTEM 

The skeleton is of mestnehymaj origin, and most of its parts pass through, 
first, a membranous or blasicraal stage, and then a cartilaginous stage before they In¬ 
come ossified. In sonic bones, however, the process of ossification follows immedi- 
atelv on the membranous stage, and the stage of ehondrification is omitted. 

coJunui.— Before it reaches its finsl condition the central 
of the body passes through no fewer than three preliminatj stages In the firat 
place it is formed by the non-segmcnicd notochord (p. 7S). a fl««hlc rod of cells 
enclosed within a stout membranous sheath. This structure, however, is not 
limited to the region in which the vertebral column is laid down, but extends into 
the region of the head as far us the caudal aspect of the hypophysis, arid is 
subsequently incorporated in the basilar portion of the occipital bone and the 
posterior part of the body of the sphenoid (tig. 116). 

'I'hc notochord acts as a framework around which the scleratogtnous tissue 
derived from the Microtomes (p. yg} builds up a biastema! or mesenckyrnd verttbral 
column, consisting of thirty-five or more segmental units, which arc termed proto- 
vertrbTff. Fuaiform cells from the sclerotomes migrate ventrally and medially on 
each side (fig. 83) and enclose the notochord in a mass of mesenchyme, which oui- 
lincs the vertebral centrum. Coronal or sagittal sections passing through the 
blastemal column show that the cells are more closely packed together in the caudal 
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half of rach protovcrtebra and more loosely arranged in its cephalic half (fig^ i 
From the darker, caudal portion of the pratnvertebra an extension grows dorsaJly on 
each aide of the neural tube to outline the neuraJ arch, and another extension gmwa 
laterally into the inten-al between the eorreaponding mj^torne and th(*one caudal 
to it, to outline the costal process. While th^e extensions arc appearing, the darker 
caudal half of each proto vertebral centrum fuses with the lighter^ cephalic half of 


Fia. til .— A acheme showing the mianner m which czch Vertebral bodj" h 
develop^ ^om pnrtiQili of tu^O Hdjaeent icgmcnts. 




Body 
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the one caudal to it+ In this w ay the segmental protovertebrjt ^ve place to bfasiemal 
veriebr<^j each of which is formed! from portions of two adjoining se^ents and 
retains connexion with the lateral and dorsal outgrowths from its cephalic half. As 
no further change in position occurs during the ensuing periods of chondriheation 
and ossification, it foltow^s that the Jnter^xrtebral discs of the adult are segmental in 
origin» whereas the vertebral bodies comprise portions of two adjoining segments 


FlO^ I [3,. — Diftgranis show'injt (A) the hladtm^al and (B) the cartilas^nQUi &ta|^ 
of a lypicaJ Vertebra. 



and the intcrsegmental tissue between. The intcrsegmcntal %^esse1s which lay 
opposite the intcrvTxk between the protoveitebrar now lie opposite the vcrtebnc, a 
topographiezi relationship which persists in the adult in the lymbar and lower 
thoracic regions. 

The third stage in the development of the central axis of the body ©ommcnccs 
in the seventh w cek with the appearance of centres of rkondrificathn tn the blastemal 
vertebrcE and their neural arches and proceeds to the formation of a carfila^mous 
ft^itbral column. Two centres of chondribcadan appear in the caudal half of each 
blastcmol vertebra and fuse to form the cartilaginous centrum. Independent centres 


































THE DEVTiLOPMENT OF THE RIBS i^S 

appear in each half of the neural arch and in each costal process. In the fomier, 
cKondrification extends forwTirds into the pedicles and backwards into the lamira, 
but the two lamina; do not meet and fuse with one another until the fourth month of 
tntrauicrint life. The centre of chondnficalion in the eostal process extends both 
laterally and medially and soon fuses temporarily with the centrum of the %^ertehra- 
This continuity docs not last long and disappears as the costoccntt^l joint becomes 
defined. Later* chondrification extends laterally from the neural arch to outline the 
transverse process^ which lies dor^l to the process (figs- 113^ ^ 

Special reference must be made to a structure whichp although present in the 
blasiaruii period, only becomes recognisable as a separate entity subsequent to 
chondrification. This ainicture is named the hypochordal bow^ It connects^ 
the vertebral ends of the nvo costal processes to each other across t he ventral Hurface 
of the centrum (fig. 114). and, it should be obscr^xd, is only found in connexion 
with the upper three or four cerv^ical vertehrs?. In the ease of the alias alone the 
hypochordal bow persists, chondrifies^ and becomes ossified during the firat year to 
form its anterior arch and the anterior ends of its laienil masses. In (he caara of the 
succeeding vertebra; the hypHsehordal bow undergoes degeneration, and subse- 

FlO. 114-—Diajjrama showinfl the tTansfomiatioll of ihc hypochordsi bow illio (he 
itUtfrior arch of ihc nitrtSr 
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qucntly either disappears in its entirety or becomes incorponitcd in the anterior part 

of the centrum, . , 

The notochord can be identified for some time tiaversing the centra of the 
oariilaginaus column. Ultimately the portions within the contra atrophy and dis¬ 
appear, but the portions in the intervertebral discs are said to expand and persist 
throughout life as the nudrus pulpoms of each disc (p^ +63). 

Towards the end of the second month of intrauterine life centres of efjiJtcunoM 
appear in the cartilaginous vertebrs?, and ihc vertebral column enters on its fourth 
and laat stage, via. that of ossification. The details of this process arc described on 
p. 248. 

Appltfd Anatomv .— Occasionally the cqalescence of the laminK is not completed, 
and coiucqucntlv a cleft is left in the arches of the vertebra:. ihrouKh which a. piotni- 
shin of the spina! mcmbnincs (dura nistcr and arachnoid), and generHlly of the spinal 
medulla and pia mater, takes place, constituting the malforniation known as spina 
This condiiton is most common in the lumbotaeral region, but it may occur m the 
thoracic or cen-Ical region, or the arches thiouKhout the whole length of the canal may 
rcmjlin incomplete. 

The ribs. 'Hie ribs are fbttned from the costal processes of the primitive 
vertebral arches, the processes extending between the muscic-platcs. In the 
thoranc regian of the vertebral column the ecatal proosscs grow laterally to form a 
series of arches termed the pnnnlivt coslal flCfAer. 1 he transverse process grows 
out behind the vertebral end of the costal process, and is at first connected to it by 
rncscnchtme which is later diiferen tiated to form the ligaments of the costotransverse 
pint: between the costal process and the tip of the transveisc process the ccBto- 
trad3vci3c joint is formed, while the proiimal end of the costal process becomes 
separated from the neural arch by the development of the costoceotral joint ovring 
to the occurrence of liquefaction in the cartilage connecting the two,* In the 

• Jam«* Whilli», 7 . Anai. lAtnd,, 74,19+0, 
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etretcai {fig* 115) the transverse process forms the posterior boundary of 

the foramen transversarium, while the costal process* corresponding to the head and 
neck of the rib, remains in continuity with the body of the vertebra* and forms the 
anterior and Lateral lioundaries of this foramen. The distal portions of the primitive 
costal arches remain undeveloped ; occasionallyp however* the costal processes of 
the sev enth cervical vertebra undergo greater development, and by the formation of 
costovertebral joints are separated off as cemcal ribs. In the lumbar vtrtSrre the 
distal portions of the primitive costal arches fail; the proximal portions fuse with 
the transverse processes to form the transverse process of descriptive anatomy. 

Fro. 115.—Djsgrams the poftioris pf the idutt rertcbTa: dtrivEd rvipeeiivcly 

fmm the ernmi (diuit b]uc) neura! fitehca {pinJcK Aiid mtal prpccwsi (liaht biue) 
of the embryonic verlebis. 



CERVICAL 



THORACIC 



LUi^ilAR 



sacral 


Occasionally a pair of movable ribs is developed in connexion w ith the first Jumbar 
vertebra* Jn the iacrat veriebrtr costal processes are developed onlv in connexion 
trith the upper three or four vertebne; the processes of adjacent segments fuse 
with one another to form the anterior portion of the lateral part of the sacrum on 
each side. The coaygral wrubrtr arc devoid of costal processes. 

The sternum.—The ventral ends of the upper nine ribs become united to one 
another by a Longitudinal bar termed the j/rmti/p/u/e, and the two stemaJ plates fuse 
jn the median plane. I ncomplete union of these two sternal plates may result in the 
presence of a foramen in the adult bone (p. 255), Both ribs and sternal plat« consist 
at fim of condensed jn^nchymep which later becomes chondrified. The eighth 
and ninth ribs lose their connexion with the aicmunip and the portion so freed 
bccoi lies the xiphoid process. T'his process of separation may^ be arrested too soon 
and in this event the number of true riba is incrcaaed to eight, or it may be carried 
too far and so cause a reduction in the number from seven to sk. The ossSficstion 
of the ribs and atemum is described on pp, 256 and 261, 
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Fig. 1x 6.—A suRittiil acctian th« 

cephalic end of ihe jiDlqchord. (KeiiKd.) 
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The akulL—The bones of the enmium are developed in the mesenchyme 
which invests the cerebral vesicles, but, before the osseous stage is reached, the skoU 
passes through, Srstly, a blastcmai or niembranoiis stage, and| aecondly^ a cartt- 
lag! nous sftige. The chondrocranium, which la formed tn the second stage, Ls in¬ 
complete, and most of the cranial vault and portions of the base arc not preformed 
in cartilage. 

Th^ mtHtbramui or bliutemai ihdL^At the end of the firat month of intmutcrinc 
life and the beginning of the second, the mestnchjTuc which surrounds the developinj^ 
brain incTtases in thickness and foims localised masses which represent the earliest 
dietinguishablcelemerits of the skeleton 
of the head, 'fhtse masses first become 
evident in the occipital region, where 
they form the omprfd/ plate, which out¬ 
lines the basilar part of the Dcdpitsd bone. 

Two extensions prrow laieniLty from each 
side of the plate^ and their laienil ex¬ 
tremities fuse with each other to eom- 
pScie a fori^men around the h>'poglossal 
nen'c. At the same lime the mesen¬ 
chymal condensation extends forwards^ 
dorsal to the pharynx, and reaches the 
rudiment of the hypophy^aisp thus out¬ 
lining the cli%Tis iind dorsum Bella." of 
the sphenoid bone. Ewrly in the second 
month it surrounds the duel of the 
hypophy'siB and extends berwv^n the 
right and left halves of the nasal cavity^ 
where it fofms the basis of die ethmoid 
bone and nasal septum. 

*riie notochord traverses the oc¬ 
cipital plate obliquely from its. dorsal 
to its ventral surface and comes 
into intimate nclatton with the cpi* 
thebum of the dorsal wall of the 
phoryTix, with %vhkh it is for a time dircedy conncctcdn It rc-entc« the base 
of the membranous skull and runs forward to terminaic caudal to the hypophysis 

About the fiftli week the two auditory^ vcsioles (p- iSo) beconie cnclt>sed in mewn^ 
chyTria} capsules, each of which is soon ilinerentiatcd into a donsHaieraJ part cnveltipmg 
the semicircular ducts, and a vxnTriniedial part surrounding the cochlea ; at the upper 
boundary between these tw^o parts the facial nerv'c lies in a deep groove^ The auditory 
capsules fuse with the lateral processes of the occipital plalc, leavitsg a wide gap tlirough 
which the Entcmal jugular vein, and the glosso-phar>Tigcal, vagus and accessory nerves 

arc transmitted. t l 1 j ^ t 

i\l this stage die mesencbytnc which surrounds the hypophyseal duct and romia 
the rudiment of the pgst-sphenoid pan of the body of the sphenoid bone sends out a 
wing-like proce$s on each gide~the future grcaier wing, ^lore anteriorly process* 
extend laterally and indicate the sites of the lesser wings of the sphenoid bone, while 
condensations occur on each side of the nasal cavity and blend, above with the mesen- 

chymaJ septum. . , - l h 1 

The first indications of ihe vault of the skull are seen about the thirtieth day, and 
consist of plates of mesenchyme which appear at the aides of the head and gradually 
extend into the upper wall where they blend with one another ; diey also blend w'ltn 
the parts at the base of the cranium. + , ^ j 

The cliandracritnmm.^ln the shark and dogfish the meBenchynisd cramum under¬ 
goes complete chondrffication and forms the cartilaginous skull or chondocransum of 
these animals !■ 

Tn mammals the pn>ctss of chondrification ia limited to the ba^ of the skull, 
including a region dorsal to the fonimen magnum. Ohundrification ta-ke^^ place 
primarily in three regions' (a) posterior, in relation to the notochord ‘ (b} inter- 
tnediate, in relation to the hypophysis ; and [f} anierior, i>et^veen the orbits and the 
nasal cavity, porta may be niimed chordal, hypofdiyteaft and ittiercfbiwtiasai^ 

The chordal part is developed from the mcMin chyme related to the cranial end of the 
nntDchordp and in its caudal part it exhibits traces of four primitive 5cgment.s aeputated 
from one another by the roots of the hypngh^al nerve. It is uncertain what the h>^o- 
physeol part represents; when nssiliietl it forms the post-sphenoid. The inter- 
oibitonasaL part is, perhaps, identical with the tnibeculae cranlt of most lower verte¬ 
brates. 
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• In man chondrificarion of ihc $kii!l begins in the second month of intfautertne 
life, and the fint cartitajfLnoiiS nutiei appear in the occipilal plaiei one on each gidc of 
the noiochord. About the thirtj-sixth these two nuclei fuse anteriorly on ihc 
dorsal surface of the notochord, and later they fuse posteriorly On its ventral surface. 
Thus the notochord lies dotSE&l to the caudal part of the cartilaginotis occipital plate, 
then traverses the plate and lies venTral to it, and finally enters the plate again to end 
in the dorsal surface of the post-sphenoid cartilage (fig. 116 )^ 

The posterior part of the sphenoid cartslagc ehc^ndrifics from two centres, one on 
each side of the developing hypophysis ; these unite first behind the duct of the 
hypophyaia and then in front of and in this way the fToniopkamyjfMi rorad/, which 
tmnsmiis the hypophyseal divcniculum, is formed ■ this canal is usually oblicerated 
at the third month (p. jS 6 ). 

The auditory capsule, the presphenoid^ the roots of the greater wings, the lesser 
wings and^ hnally, the nasal capsule in turn become chondrihed. The lost-naTncd is 
well dc%'clop<=d hy the end of t he th ird month - 1 1 consists of a medi an part (or !>cpturn) 
and two lateral parts. The free lower border of the lateral part becomes incurved zo 
form the inferior nssa] concha, which ossifies at the fifth month and hecomea detached 
from the capsule. The posterior part of the latcra] part of the capsule becames ossified 
to form the ethmoidal labyrinth, and the middle and superior coneVut appear as 
ridges on its medial surface. Port of the rest of the capsule remains cartilaginous 
as the fitpzal and alar CRitiEagcs of the nose and part i$ rcpbced by membrane bones 
(vomer, naaal). 

The ventral surface of the chondrocranium is indirectly connected with the 
cartilages of die visccml arches, the fate of which m described below, 

already indicated the bone* of the base of the skull arc preformed in cartilage, 
in ivhich the occipital (basilar, lateral and s:^uamous parts), the petrous part 
of the tempDraJ, the body, lesser winp and roots of the greater wings of the 
sphenoid, and the ethmoid bone are laid dow-n. The bones of the vault of the skull, 
on the other hand, are ossified in membrane, and axe termed dmft&l or 
hAnes, They comprise the frontal bone (including its orbital pam)^ the parictals, 
the squamous part of the temporal and the upper part of the squama occipitalis 
(interparietal part). Il wifi be Jcen, therefore, that with the ejceefifwn vf the orbiteil 
ftarts of the frontal bone and the lateral pari of eaeh greater the whole of the boie 
of the iftiilf u preformed in cartilage, while ihe whole of the vauh^ includmg the supra^ 
f^cipJial pari of the ocdpihd bone, ossifies dsreeily in membrane. 

The stage of ossification commences before the chondrocranium has yet reached 
the height of its dcsclopmcnt. As the process of ossification extends, the ehondm- 
cranium, after reaching its maximum extent, becorncs rapidly reduced, but portiofis 
of it still peraist at birth, and some arc found in the adult ekulL At birth the 
cartilage of the choudtocrantum is present; (j) in the cartilages of the ake and 
septum of the nose; (z) tn tlie sphenoid bone [p, 319); (3) in the spheno¬ 
occipital (p. 452) and the petro-ocdpital joints (p. 452); and (4) m the foramen 
laoenim. 

The ossification of the bones of the skull is given with the description of the 
individual bones. 

The dcvelopmeni of the appendicular skeleton is dealt with on p. izo. 


THE BRL\KCH1AL ARPARATUS 

After the formation of the head-fold the siomodECum, or primitive mouth, b 
bounded on its hcadiViird side by the forward projection of the fofii-bniin and on 
its caudal side by the pericardium (fig. 169). The lower part of the face and the 
whole of the ucck, which subsequently intervene between the mouth and the 
pericardium, owe their formation to the development of a series of six visceral 
arches^ which appear on the lateral aspect of the head in the legion of the hind¬ 
brain (fig. 117). The fim of these ardiea corresponds to the low e r j aw of the ftsh, the 
second to the operculum or gill cover, and the remaining four to thclbranchial or gill 
arches. 'Rhc mesenchyme of the head region (p. 76) at first forms a thin sheet inicr- 
vening bciw'ccn the ectoderm and the entoderm hui+ as growth proceeds, it prolJ- 

* For m. dciliErd deiiCtiption the reader is refeiTed to ihc work of Prufes^r E. Fawceir 
publithed m the Jotirrud cf Atmtomy tmd Fhyst^o^\ Voluincs 3t|v, li, mnd lii, and in the 
Proctidinei 0/ tke Afsatamkal Society of Grtal Britain and heijiitui, 
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fcrdi€$ and gives rise to a seriijs of somewhat cylindrical processes which 
stitutc the aichcs. At first the arches fomi rounded ridge-like proj^ons m the 
ovcrfving ectoderm and coircsponding projections in the cntodermal floor o t e 
pharynx. *l'h<»e ridges arc separated from one another by a aeries of furrows, whe« 
the surface ectoderm and the pharyngeal entoderm come into direct contact with 
each other. The ectodermal furrows are termed the branebial or visceral clefts 
and the emodcrmal furrows the pharyngeal pouches. At this s^gc the pnaryiut. 
which is wide at its cephalic end but rapidly narrows as it is traced cauitoUy, is very 
shallow dorsiventrally. It possesses a wide roof and a wide floor, which meet on 
each side, so that there is no true lateral wall (fig. 119). ^ . . 

The early appearance of the arches and their intimate relauonship to the tnoum 
and to the heart ind poricsirdiuin, not only in man hut in the embryos of ^ the 
vertebrata, arc explained by their functional significance in the lower vertebrates. 


Flo. It?.—A day! Ituemuje em^o. ^winn sn 

the hrmnehisl Mch« and the limb buds. (C. H. Heu«r and G, L. Stnwier, 
Contr&i. i« Smlnyol„2/i, mt ) ( x 11 .) 
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They provide for water-brcatkiitg animals a convenient and efficient reeplrawrv 
apparatus. From the arterial, headivard end of the heart there emerge twu vent™ 
aorta, which pass headwards on the ventral aspect of the pharynx and send branches 
dorsaily, one entering the substance of each arch. In the aubsranoe of “c arches 
these vcd&el& break down into a thin-walled capillary plcius froiri wruch corre- 
eponding vessels emerge and run dorsaily to join the dor^ aort^two large vessels 
situated on the dorsal aspect of the pharynx. The branchial clefts in these animals 
break down and a series of gill fJits develop which communicate between the 
exterior and the inside of the pharynx. Periodically the gxygcn-^nng water is 
taken into the pharvTix through the mouth and expelled through the gill sbu. In 
its passage it bathia the emodcrmal surfaces of the branchi^ arches, which arc 
Specially adapted lo expose to it a l^rgc otea Elled with capillanes. The blood gives 
up its carbon dioxide and absorbs fresh ox>'gen in its place, and this oxygenated 
blood is carried into the dotsal aortse tobe distributed all over the body, l^e periodic 
inuke of water'for this purpose is the equivalent of inspiration in lui air-breathing 
vertebrate, and the process provides a respiratory mechanism in which water and 

not air is the oxt-geti carrier. , j. « * l q r .l 

The first or monJibulae area grows venirally and mcaially in ine Boor of the 
pharynx until it meets the corresponding arch of the opposite side in the median 
plane. It comes to lie, therefore, between the primitive mouth and the pericardium 
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ffig. 241). The secoatl or hyoid arch grows vcntraLly on its caudal side, and si;paratcd 
from it on the outside by the first cleft. It, too^ uliitnately reaches the median plane 
and fuses with its fellow. The ssuccceding third ^nd fourth hut especially the 

fourth p do not attain any great degree of prominence, and are for the mnit part sunk 

Fit?. t tS,—transvctvr section ihrou^ ihc phArynx of a hiunfln embryo. CM. 
length = a uim. (E. H. Noirifi^ Cantr Embryofut C^meg Instil.^ a 7 i ^ 50^) 



in a depression produced by the caudal m erlapping of the hyoid arch. The fifth 
and sixth archts cannot be recognised on the outside of the neck and their presence 
can only be demonstrated by the arrangement of the mesenchyme and the projec¬ 
tions in the pharyngeal wall. 

Fio, 119,—‘CoronaJ Mction tlimu§[h the heud of a mole cmbr^'o, 4-5 ttEin. long, 
llie section pwee through the hind-brain, the phAtynXp Tht hyoid and a part 
of the third v'uceml arch. 
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It should bo obscrtxd that each arch consists of an ectodermal coverings a m«o- 
derma] core, and an entodermal covering (fig. 118). The mesodermal core gives 
nse to fl skektal element, which subsequendy chondriBes in whole or in part and, if 
complete^ c3acDds dorsally until it comes into contact w ith the membranous capsule 
of the hind-brain. Most of the remainder of the mesodermal core later give# rise to 
striated mutcle, Avhich may migrate and lose all attachment to the primitive skeletal 
element of the arch. The history of these muscle masses can, however, easily be 
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traced bv referen«; to their nerve-supply. The clursal end of each arch, m 
resdy been pointed out. Ilea close to ihc vemrilaicral aapeci of the hind-brwn (hg. 

I m) and the motor nr«'er which arise from this part of the brain paM directly into tlic 
arches. Tfie innerv ation of the muscle masses once established wdl tKjV 

ter how' far the muscle may mignte from the site of its development, rhe mandi- 
bubr division of the trigeminal nerve supplies the mandibular arch ; me facial nerve, 
the hyoid arch ; the glossopharyngeal, the third arch ; the vagus and accesMiy, the 
remaining arches. The recurrent laryngeal is probably the nerve to the sixth 

arch and the superior laryngeal , , ^ u 

that to the fourth, hut the nerve Fic. i:io.-'n« b«dW of a hiu^ e™bj^ 

U about the fifth weeV. Lalcral aspect, (From 

of the fifth arch—whu^h IS always „ Pner.t 

difficult to identify aiid Leaves teiv 
traces of Its existence—is un¬ 
certain. 

The biunchlil apparatus plays an 
important part in the formation of 
the face stnd neefc^ mouth, pharynx 
and larynx, but before a detailed 
survey is made of the history of 
the arches it is convenient at this 
stage to describe the steps which 
lead to die formation of the face 
and the demarcation of the nasal 
cavity. 

Development of the face^ nose 
and palate,—While the mandibular 
arch is invading the floor of the 
pharynx, the mesenchyme between 
the floor of the forc-bniin and the 
epithelial roof of the mouth becomes 
thidter and deeper and, together 
with its covering ectoderm, consti¬ 
tutes the fri^ntonasal pfoctss. During 
the fifth vAwk a thickened patch of 

ectoderm appears on the ventn- t a cl 

lateral surface of the frontonasal process on each wde and dunJtt it a 
meditin and right and left lateral nasal proceiaet. The placodes which at firai 
are widely separated from each other, soon become depressed to form the 
olfacrar\’pils (fig. 120) and their lateral and medial margins become raised to consti¬ 
tute tl 3 itcml and medial nssal Jidds. The lateral fold ,s the more prominent 
(fin t3o) but the medial fold projects caudally beyond it and the m^nchjmc 
of this extemion into the siomodoal roof proliferates to form the gtobalar 

(prem^l^ ih^ changes are in progress a 

vcntrallv from the cephalic side of the doraal end of the mandibular arch It is 
termed the moxitlare %octa and, like the fmntona^l process, U consists of a ra« 
of m«ench)-me covered with ectoderm. The max diary 

fuse with lateral nasal proccM, from which u IS separated at hrei by a groove, 

termed the naso-opticfurtat/s* (fig* 121 C). 

The opposed margins of the lateral nasal and maxillary processes fuse with each 
other to cs^lish continuity between the side of the nose and the adioming part of 
thi- cheek rfip 121 D\. The «noderm along the hnc of fusion docs not dis- 

lincath the surface. Its caudal, free end sccondanly establishes a connexion 
with the caudal part of the lateral wall of the nasal ca«iy while its cranial end 
later acquires connexions with the conjunctivd SM. Later, this rod Incomes 
canalieulised to form the nnsulacrimal datt. I he blunt^ apex of the trianguhir 
maxillary process extends beyond the lateral nasal fold and crosses the caudal 

• ThiE MCQunl foltmvs the description fiWcn by J. E. F™« a/ 

Butlierc Tindall -nd Cox. Urdon, 103'! »id. althouEb eubsUuiiially ihc mhw, ddfer* in 
cerutin deiDil, fn™ the more recnw dcscnpiuirt given by Cj. L. btreeter (Coatr.LoATyxit., 
Carncj;, llWtn.^ 351, 
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(lower) end of the olfactory pit to meet and fuac with the globukr (premaxillary) 
process. In this iivay the lower part of the olfactory pit loses its direct 
opening on the surface, while the upper part of the opening of the pit can 
now be recognised as the pFtmiiwe ^tenar naru. The growth the sur^ 
rounding miracnchymc permits the olfactory pit to deepen to forrn the 
nasal cavity and its epithelial waJh iJi ita dorsi-caudal part, retains continuity 
with the cpithcLiuin of the stomodoeal roof. As growth proceeds, this con¬ 
tinuity becomes stretched and thinned out, forming the Imccoaasal membrane, 
which disappears at an early date. Thefcaftcr the primitive nasal cavity opens on 
lo the roof of the forqiart of the stomadmum through the primitive pastmor mtris. 


Fio. i2i.^Fi9iif stages in ihe dcvclo|ifvitnt of the hwrmn fice smd iuriclc, 
" (G* U Strteter, CanfK Embry ot., Cftmg ^ . Imtn., 14, ig^a.} 
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Ar C.R. Iciii^h, 6 mm, ( xd. 11). B. C.R, langlh^ 11 mnu ( x 7-5K 

C C,R. Tengtli, Ijf mm. { 7-5), i>, C.R. length, 1 3 mm. ( k g, 6), 

At the same time a new upper boundary is formed for the oral ^ure and it consists 
of the fused globular (premaxillary) and maxillary processes. It is really the upper lip^ 
although it has not yet been freed from the deeper tissues which form the maxillary 
alveolus (fig. 124). At the same time the primitive nasal cavity acquires a floor 
formed by Uie fus^ lateral nasal and maxillaiy prcMxsses. At this stagc the anterior 
narcs are completely defined, but they art still vHdely separated from each other by 
an area which soon bceomes relatively narrower, owing to the fusion of the mesen¬ 
chymal cores of the globular processes. According to some investigators • the 
mesenchyme of the maxillary processes invades the fused gbbubr (premaxilUty) 
processes, the mcaenchymc of which becomes buried and later gives origin to bone 
—the os mcba%Tim or premaxiiLi. The maxillary mesenchyme b believed to make a 
substantial contribution 10 the formation of the philtram of the upper lip and to 
account for its innervation by the maxillary nerve. Others^ however^ maintain that 
• J, D. Boyd, y, Land., 67, tmd J, E. Fraaer, for, 
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Lht philtmm U formed whoUy by the globular processes and that diftributioD of the 
sensory nerves does not provide a relhbic guide to the migraiion of the maxillaiy 
rneaeDchyme** 

After thi formation of the primitive iiasil cavities the anterior portion of the 
roof of the mouth constitutes Ae primifive palate (fig, 124). It is formed by 
fused globular (premaxillary) and maxillary processes and is continuous above with 
the broad median partition which separates the cavities and constitutes the primitiue 
nmai septum. 

As the head grows in size the meaench>'mc which intervenes between the floor of 
the fore-brain and the mouth increases greatly in amount and the nasal foss® 


Fio, I zjx^Diigramiustic pimuafdtul tectiem* Through the regioni of the devcl^ixie 
nual cmvity snd mouth : (A) irt an embryo 14'S mtUr lonR: and (&> in in 
embryo 30 nun. lonR. 
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deepen (i.e. extend towards the fore-brain). At the same time they extend hack- 
vizards fmm the primitive posterior nasal af>crtures as two narrow but deep grooves 
ID the roof of the mouth (fig. ii 3 )^ sepaiated by a broad partition which increawa 
in depth as the fossie deepen. This partition is the nasal septum, and it is con¬ 
tinuous in front with the primitive nasal septutn. Its broad caudal surface lies free 
in the roof of thejnouth and ia at lifst in contact with the dorsum of the developing 
tongue (fig. 125). The nasal tavity is thus subdivided into right and left parts, 
which coi^unicate freely with the cavi^ of the mouth except anteriorly, where 
the floor is formed by the primitive palate, 

* W, Ha, Anatonie menttMiefur Embryonen, Leipzig, 18B5. A, Keith, Ilumai! Embryoit^ 
and Mt^pMo£y, London, 193J, G. Pollitzcr. Z. gti. Anat.. I. Z. AnauEnm-Gueh., 116, 
195a. T. S, Kin*, J. j 4 BOf., LfMH/,, 99, 1954, 
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In the sixth week the timer surface of the maxillmy process givea rise to 
a palaiine which projects caudally from it and lies in contact with the 

side of the tongue (fig. 1^5)- At this time the roof of the mouth projects forwards 
beyond its esuchd boundary (fig. 112 and the developing tip of the tongue 
lies above and behind the primitive palate. More dorsally a coronal section through 


FlC. lij.—A dtagnEm lo rei^nescrtt 1 tnuuvertc section throuRb the dc\^etd|nng 
face it the IcwJ of ihc Botcjior oares m an embryo of the tevcntJri week. 


Aniitiifr nami ii:ppTfira 



±Vctr.^Tbc viowi, jfhliHtt the pi^BirchrTAf f ie x k ) iavpfdinji tb« Fiiiedl 

jind blirftfV Lbe prn¥isjulUr>' ifef- whkil fomtt ibc jmfllhLvvi piutE. Covnpiix wjlh 
p. ijj Mtd ifS" 


the body of the tongue shows the palatine processes in contact with its lateral 
aspects (fig. 125). As growth proceeds the mandibular region and the tongue are 
carried forwards and the lip of the tongue of necessity passes caudal to (below) the 
primitive palate^ Thencsifter the ventral ends of the palatine processes are able to 
grow medially^ along the lower border of the primitive postcrinr nasal apertures 


Fill. 124,—The primitive pdate of A bimuiii anbryo in the ii?v«nth Week. (From H 
mood by K- Frter.) 

The fiRure ahow& the anterior part of the roof cf the mmith^ and brge pam 
€d the left tnteral nasal ami maxillary proceuen hav^£ been rcniDvcd to expaie the 
left primitive nasal cavity,. 
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until they meet and fuse with each other in the median plane and with the free 
lower border of the nasal septum above (fig. 127). This process of fusion now 
extends dorsally Ln the Lnten-al between the septum and the dorsum of the tongue 
and, as It does so, the nasal cavities lengthen and the posterior nasal apertures 
are carried dorsally until they reach their definitive position at the junction of the 
ventral three-fourths ivith the dorsal fourth of the caudal edge of the septum. The 
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fourth persists as the free posterior edge of the septum in the adult. Ai a 
slightly Inter stage the extreme dorsal parts of the patadne processes meet and 
fuse with each other to form the soft palate (fig. Isa B). Ihcrt is later an upgrowth 
of third arcl^mesodcrm into the pataie and around the caudal margin of the auditory 
tube. The line of this migration is marked in the adult by the palatopharyngeal 
arch." 

On each side of the nasal septum^ at its caudal and vent ml part, the ectoderm is 
invaginated to form a diverticulum which extends doraally and headwards into the 
nasal septum. These diverticula form the vtmtmnaiai organs, which ofMn close 
10 the junctions of the premaxill^ and maxill® ; they arc always rudimentary^ 
in man. 

Cang^kal mafformalwm irivdiving arrest of devdopmenl durinifr rhe formation of 
the face and palate arc not uncommon. Jn the Bimplcst form, the maxitlaTy proce^ on 
one side falls to fuse completely with the globular {premaxillnry) process and a fissure 
is pmeni berween the philttum and the lateral part of the upper lip. The condilmn M 
known as ftare-Hp. A similar type of malformation, but of comparatively rare occur- 
renccj results from the failure of tile mrueiKary process to ftise with the kteral nasal 
process. In this case the nasolacrimal duct forms on open furrow along the aide of 


Fig. 115.—Oblique curooHl Kcciion through the head of a huaian embrj'o 33 nun. 
lonif. 'rhe nnaa! roBSffi comniunicaic freely with the of the mouthr 
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the nose, and the condition is usuaUy ossodaitd with the presence of hare-lip on 

The palatine processes may fail to fuse with each other and with the nasal septum, 
giving rise to the condition of c/i/f palatt. In tls greasest form no fusion oc^t% m the 
roof of tlic mouth. The edges of the palati ne processes are separated by a wide medi^ 
fissure in wrhich the free Imvtr border of the nasal septum ™ be seen. Anteriorly the 
prema^cJllHiy portion of the palate is separated from the palatine processes by a fe^ure 
on each side^ and these fissures are continuoua in front with the clelts ni a double 
hare-lip. In sudi cuks the fused globular prEicesses exist as a Mparatc entitj', 
continuoua above and behind with the nasal septum. I’hc floor of the m^al fossa is 
deficient throughout its whole extent and the posterior nasal apertures have never 
been dcEned, M varieties of milder degrees of cleft palate have been recorded. In 
the commonest t^T>e the condition is unilateral 1 i.e. one palatine pr^esa has fused with 
the primitive palale and with the nasal septum, but the other has failed to do So and the 
extent of the deft is variable. The milds?st degree results in a bifid uv^b only, or in a 
cleft which is limited to the soft palate. 1 .. . - . 

Such arrests of development are indicative of nutriHonal disturbances in the embryo 
during the second and third months of development, and the grosser varieties are 
usually associated with malformations afTccting other parts of the body. 

* J, E. Fruiter. A Manual of EmbryoSagy* I_>ondofT., 1940+ 
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The subsequent histofy of the visccnU arches*—The visceral arches con¬ 
tribute extensively to the fomnatton of the face, the nech , the mouthp^ the pharyM 
and the larynx ; the visceral clefts, with the exception of the firatp which forms the 

Fic» is6u—A liiagram to show the pam of the adult face whlth are derived from 
lawral and medEtn mwl procnMe*, the masiUiry proc™ tod the mandibular 
arch. 
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cxtcmal auditoiy^ mcatm, disappear entirely : the pharyngeal ponches^give origin 
to the tympanic cavity and the auditory tubep the tonsillar pita-, the thymus^ 
the parathyreoida and to parts of the thyteotd gland. 

Fig. la ?.—a coronal section ihrmigK the nasal cavity of m human embryo iS mm. 

long. (KaUmann.) 
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Ectodermal derivatives*—The ectoderm over the mandibulhr arch is respon¬ 
sible for the formation of that part of the skin of the face which covers the mandible 
(fig* iz(i) and, in addition, it takes part in the fomiation of the tragus of the auricle 
(p, 15a), The ectoderm on the cephalic aspect of the arch thickens along a curved 
line w'hich is later converted into the aheolo-lubiai sutcus. The epithelial pro¬ 
liferation in^^des the underlying mesenchyme and suhsequently breaks down, so as 
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to separate the lower lip from the developing fpim. Before it does so, however, it 
giv^ riseoD its inner surface to an epithelial Loininu (fig, 1136] from which the 
enamel of the teeth ie derived at a later stage (p- 13^)< 

The first cleft becomes obliterated in its ventral portion, hut its dorsal end 
deepens and forms the epithelial lining of the cattmal auditory meatus. 

At the dorsal cods of the first, second and third clefts thickened patches of ecto¬ 
derm, termed epibrant^iisl placodes, appear, iTuisc are intimately related to the 
undorlving ganglia of the seventh, ninth and tenth cranial nerves. 

At the end of the fifth week the third and fourth arches lie at the bottom of a 
small depression, which is termed the preeervUa! Mnitf, Qn the cephalic side the 
ainus is bounded bv the hyoid arch ; dorsally, it is limited by a ridge produced by 
dowogfowtha fmm" the occipital myotorncs and by premuscle tiHue which sub¬ 
sequently forms the sternomasioid ; and caudally, by a smaller ridge, lertned the 
epiperiairdiai ndgp, which separates the sinus frotu the pericardium and curves 
headwards, medial to the ventral ends of the arches, to reach the nvandibular 
arch,* The muscle cells which migrate from the occipital myuiomes tn reach the 
tongue follow the cpipcricardtal ridge and carry the hypoglossal nerve with thern. 
Recent investigations Itavc not substantiated the classical description that the hyoid 
arch gradually grows ciudally to fuse with the pericardium and enclose the caudal 
arches into a cerv ical vesicle, thus excluding them from any share in the formation of 
the surface of the ncek. 'I'he preoervical sinus is reduced by approximation of its 
walls from within outwards* At the same time the cpibranchial placodes at the 
doraal ends of the second and fourth clefts sink inwards to form vesicles which 
ultimately lose their connexion with the surface ectodenn ant! become intimately 
associated with the ninth and tenth cranial nerve ganglia. The vesicle derived 
from the placode on the fourth cleft is also closely associated for a time trith the 
thymus and paraihyreoid rudiments arising from the third cntodennal pharyngcaJ 
pouch {p. 185)4 Tliere is, however, no evidence that the thymus in man retreivea any 

contribution from this vesicle. _ -ill 

Experimental studies in lower vertebrates provide strong evidence that the 
ganglia of the seventh, ninth and tenth cranial nerves receive contributions 
overlying placodes or arc dependent upon the associated placode for their full 
development. In man the placodal vesicles formed in asHSociatlon with the ganglia 
of the ninth and tenth cranial nerves are believed normally to undergo complete 
regression and disappear. Persistence of th™ placodal vesicles may give rise to 
branchial cysts lined by stratified squamous epithelium and lying along the surface of 
the carotid sheath deep to the atcmocleidomastoid musclc4 

It is claimed that branchial cysts lined by columnar epithelium may arise from 
persisting remnants of the eiitodemia] pharyngeal pouches, whilst branchial fisiulic 
result from a persistence of the lower end of the second branchial cleft or possibly 

of the preccrv'ical sinus, . , . 

MModermal derivatives* ^The me^erm of the visceral arches is still plun- 
potent and this character expresses itself in a number of ways. (>) An endothelial 
tube, termed an aortic arch, is oonsiituted in each arch and connects the aortic sac 
no the ventral aspect of the pharynx (p, 16S) with the dorsal aom on ite donal 
aspect, (i) Some of the mesodermal ceils condense to form a sktletal eiement in 
each arch : typicslty this forms a bar of cartilage connected to the caudal aspect of 
iht chondrocranitim its df>ratil end Mul meeting its fellow nf the opposite side at 
its ventral end, {3} Others of the mesodermal cells difFcrentiate to form a unit of 
wfentiiO' muscle. In addition the mesoderm of each arch is invaded, typically, by 
two nerves derivcti from the hind-brain. Of these one runs along the cephalic 
border of the arch and is tlierefone ‘ post-trcmsttc ' (i.e, immediately cau^ tn a 
cleft) in position, and the other along the caudal border of the arch and is pre- 
trtmatic' in position. In the human embryo this double innervation can be 
determined only in the first arch. Further the mesoderm of the arches contributeg 
to the formation of the fibro-areolar and other connective tissues of the lower part 
of the face, the tongue and the neck, white that of the third arch gives origin to the 
carotid body*^ 

* J. Emeit Fmztrp Lvnd. 19516. 

t F. D. Gamtt, AmirHtc., loe, 1948, 

; C. P. WiUoriK Amtak.Jlay.Cff:i^Suws.Eris^. 17. i 955 - 
§ J, D. Bftvd, C&nir. Embryoi.. Cvncg. Insin., x6 11137. 
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Aortic arches.— The first and second aortic arches of each side disap|»ar, but 
the third aortic arch persists as the lower, or prowmal, portion of the internal carotid 
artery and the whole of the comman carotid (fig, raS)* The fourth aortic 
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arch of the right side forms the praxiirml part of the right finjbclavkii artcr>', but 
on the left eide it bccojnt.*s the part of the arth of the aorta which lic^ between 
the origiiia left common carotid artery and the left aubclaviuji. The fifth 

jiortic arch disappcaiB entirely, but the sixth on each side gives off a branch to 
the developing lung-bud, ^^^l.en the tmneus arteriosus becotnes disidi^d into the 
pulmonary trunk and the ascending aorta the sixth arches remain in connenVion 
with the former. On the right side the dor^ portion of the sixth aortic arch 
dt^ppearSp but on the left side it forms the ductus UTteriasus^ w hich functions 
during intrauterine life and becomes converted into the fibrous 
artfritisum after birth. 

Skeletal elemeiatSfc—The skeletal element of the first arch is termed Alccker^ 
curtilage. It extends from the basal aspect of the developing auditory capsule 
into die mandibular arch^ and, ventrallyp it turns upwards in conUict widi its 
fellow of the opposite side. The dorsal end of the cartilage becomes separated 
and forms the incus and the malleus^ including its anterior proce®;. The inter¬ 
mediate portion is represemed in the adult by the nntenar ligament of the malleus 
and spheitQmandsbstiar ligament. Tht succeeding portion of the cartilage partly dis¬ 
appears and partly is incorporated in the mandiblep which develops as a membrane 
bone on its lateral aspect. The vcntml ends of the two cartilages persist in the 
symphysis menti for a time, and are probably responsible for the formation 
of the mental oinciet (p, 308). 

'fhe cartilage of the second arch also cxteiids from the auditoty capsule to the 
raid-ventral line. Its do?^ end becomes separated and cncloseEl in the tympanic 
cavity, forming the jiafxi, 'ITicreaftcr the cartilage is represented in the adult by the 
sty hid process ^ iht styloliyoid ligament, the ksser cornu and possibly the upper part of 
the body of ifir hyoid tune {fig^ 119^)- 

Chondrification docs not occur in the dorsal portions of the third, fourth, fifth 
and sixth arches. The cartilage in the ventral portion of the third arch persists as 








THE DERlVAmTS OF THE V[SCER/\L ARCHES 119 

the Renter off'nu of fh^ kyotd bitne and die iofcrr part or ail of its kody. According to 
Frazer, the body of ihc hyoid bone chondnfica in the base of the hypobninchial 
eminence and belongs to the third arch onlv; its tonncxtori with the skeletal element 
of the seconi arch being acquired secondarily. 

'Fherc is considcrabk difference of opinion concerning the fate of the skeletal 
dements of the fourth ^ fifth and slxtli arehes. Fnszer believes the thyreoid cartilage 
represents the fourth arch cartilage only, others consider it to be compet'd of the 
fourth and fifth arch cartilages. The epiglottis is developed in the substance of the 
hypobranchial eminence hot probably does not represent a bntnchiai arcli cartilage. 
The cricoid and arylcnoids are formed in the substance of the sixth arch. Some 
authorities regard the cricoid as a modified tracheal ring ivhieh has become included 
in the brynx, Frazer refers it to the sixth arch but others maintain that it is derived 
from the skeletal element of the fifth arch. 

Muscular dements.—The muirlr mast of the mandibular arch forms the 
iemarveli tympanf the Umorpakti and the muscUtoJ mastkation, including the mylo¬ 
hyoid and the anterior belly of the digastric (all supplied by the mandibular nerve)* 


Fio. Iig.—The head atid neck of a. ImitiJU embryo, ^labtcefi weeks old^ ‘with 
MeckeVs (mrtibipfe and the hyoifil bar expused. tAfter KOUiker.) 
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The tensor mnpani retains its attachment to the skeletal element of the arch^ but 
the muscles of mastication transfer their attachment to the mandible. The mimics 
of the hyoid arch for the most part migrate widely from their original paskion, 
but they'retain their ncnie-aupply from the facial nerve. The yt&ptdiiu, the ttyh- 
hyoid and the postmor bt^Hy of the digoitrir miuclr retai n their attachment to the skeletal 
clement of the arch p but the museks of facuil expr^Sfion^ the piatys^a , aurimiur 
and the tpkrontus Ptusck lose all connexion with it. T heir mtgration is facili¬ 
tated by the oblitcTalion of the first cleft and pouch in their ventral parts (p. 117). 

The muscle masses of the remaining arches form the museks of tht pharynx, soft 
palate and larynx. The styio-phanngrus can be attributed defiiiitcly to the third, 
the cricothyTfoid to the fourth and the remaining laryngeal muscles to the sixth archp 
but the precise origin of the constrictor muscles and the muscles of the soft palate La 
uncertain. 

Neural elements.—The nerves of the arches are derived from the hind-brain 
and at once enter the dorsal ends of their arches (fig. 119)* rypically* they are 
mixed nerves t their motor branches supply the muscle of the corresponding 
arch and their scij^sory branches are distributed to the skin and mucous membrane 
derived from it. In fishes the nerves and their ganglia lie at the dorsal ends of 
the clefts, and each sends 3 prc-treniatic branch into the arch on the cephalic side 
of its cleft and a po5t-tr«natic branch into the arch on its caudal side. In 
mammals, although both may be distinguished in the first arch, only one nerve 
can be identified with certainty in the second, third, fourth and sixth arches, while 
the nerve of the fifth arch is unknown and may have disappeared. 
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The piandibuUr division of the trigeminal nerve is the post-treaiatic Mrvc of 
iht first arch, and the chorda ti-mpani is the pretrematic nerve to this ^h. 1 be 

facial supplies the second arch, the glossopharyngeal third, the supenor 
nerve the fourth, and the rtcurrcni laryngeal nerve the sixth. In lovrcF animals the 
nerve la the fifth arch is a branch of the vagus. 

The dllferenoc In the behaviour of the recurrent laryngeal nerves on the two 
sides of the body in the adult can be undersiood on reference to the history of the 
aortic arches. The nerve enters the sixth visceral arch caudal to the sixth aortic arch. 
It retains this position on the left aide of the body, and in the adult is found on the 
left side of fi.e. caudal to) the ligamcnturn artcriosum. On the nght aide however, 
owing to the disappearance of the doiaal part of the sixth aortic arch md ol the whole 
of th& fifth aortic an:h, the ncnt'c is found on the caudal aspect of the subclavian 

artery, Lc. the fourth aortic arch. i hty 

Pharyngeal potichea-—The first f«ur phaoTigtal pouches (pouches l-lj) 
in sequence from bcfor<^ bacb^urds and their entoderm approaches! the cctodc™ of 
the overiymg branchial clefts to form thin mcmbnines termed the donng 
(fiff no) At their lateral ends the second, third and fourth pouches arc prolonged 
dor^llv and vcntrally to fonn angular rec^^ or wings. From the fourth pouch 
a diverticulum iti a caudal and ventral direction and is at fir^t demarcated on 

its lateral aspect from the fourth pouch by a groove in which there may occur a 
transient fifth aortic arch artery. From this diverticulum a fifth pouch may or may 
not develop and establish a connexion with the ectoderm. Fhc reminder of the 
diverticulum is termed the uliimo-brartchiiil body* This with the fourth pnaryngi^^ 
pouch and the tranaiiory fifth pouch, when present, together ccuislitute the raadai 
pkaryngeai complex. Its gommuniesrion with the pharynx is termed the nMnnw-i 

^Thffo^cr devXpment of the emodcimal derlvaiivts of the pharynx and of the 
pharyngeal pouchea is ciiuivalcm to the description of the development of the mouth, 
phary'nx and larynx and wUl, therefore, be considered later fp. 181). 

The dcvelupment of a diveTtlculum which is usually termed the ulOmobrMchim! 
body, in association with the last pharynB«il or immediately caudal fo it is im 

almost coiwuni feature in the vertehratci. This diverticulum never extends ^terally 
towards the ectodeim and cannot be regaided ns a mcidified pharynfteal pouch. 
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The limbs.— Towards the end of the fourth week the limbs appear M small 
elevations or buds from a slight lateral ridge at either side of the trank (figs. 117 
and 242)- Prolongations from several primitive segments extend into each bud, and 
carry with them the ventral rami of the corresponding spinal nervm; the 
nerves supplying the limbs indicate the number of pr^tive segments which con¬ 
tribute to* their formation—the upper limb being derived from seven, viz. fourth 
cervical to second thoracic inclusive, and the lower limb from ten, viz. twelfth 
thoracic to fourth sacral inclusive. The axial part of the mesenchyme of the limb- 
bud condenses and is coii%'ertcd into is cartilagirous skeleton, and by the ossification 
of this the bones of the limbs are formed. The musculature of the limbs is developed 
in litu from the mcsodcmi which surrounds the dci.'etoping skeletal elements, and 
such muscles as the latiasimus dorsi, which possess an extensive attachment to the 
axial skeleton in the adult, gain that attachment secondarily during intrauterine life, 
as the result of active migration. , . , , ^ ^ ^ 

In the early stages the growth of both the upper and the lower hrnh-buds 
follows the same pattern until the end of the sixth week, but the upper limb-bud 
appeats before the lower and is always a few days in advance of it in its development 
ffie no). Flexion creases indicate the sites of the elbow, wrist, knee and ankle and 
the hittid and foot arc reptesented by flattened plate-like cxpansiTitis (fig, ijt). By 
the latter part of the sixth week there is still little difference in piisture between the 
two limbs, the long axis of each is approximately at right angles to the trank and the 
points of the elbow and knee arc directed latefalfy (fig, iji). At this stage the 

• J. £m«t FrtStr did tiOl reRard Ihe chorda lyrnpani » a pretronatic nerre, foTTfUOn* 
(explained m hia Mimual of EmhryoEogy. 
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cranial {or prfaxiat) bordcre of both limbs art directed headwards, while their caudal 
for pwt-axiai) borders are directed tail wards, . l c , 

In the two succeeding weeks growih changes arc imposed on the limbs so that 
they bccQiii? adducted tow^ the trunk and flexion is increased both at the 
elbow and at the knee. Bv the end of the eighth week the limbs have adop'cd tht 
foetal position, the elbow being directed imdally, and the knee i^ardi tht htad 
246I This conspicuous and iniportanl diffcrrcncc is due to the occurrence 01 
ruction of the limbs in opposite directions around their long axes, for simul- 
laneouslv with the proces of adduction the upper limb ^comes rotated latcraliy, 
while the thigh w rotated in a medial direction. As a result the ongmahy ventral or 
flexor surface of the arm becoirus anterior, but the corresponding ^rface ol the 
thigh becomes posterior. This change necessarily imposes similar changes m the 
for^mt and leg, so that the flexor surface of the forearm ultimately becomcs_the 
anterior surface, while the flexor surface of the kg becomes its posterior surface. 


Fig. 130,—a human embryo about o mm- long. Ai end of fifth wrek. fDrnwn frem 
a filexTMCOpic pholofirtph Qf embry'o after fiMitian.) 



iimii 


Yiilk mf 


MondibuleirF arch 
pi 


/ V vtnitide 


arcA 


PUfflFJlc rj^ 

Ctf/ffckFTp pal 

dud 

UminiUd wrrf- 


Ujypef lifnEi 




TaiJ 


In addition, the radius, which is the pnaxial bone of jl* 

on the lateral side of the ulna, whereas the tibia^ Vihtch is the preasial bone of the 
leg, comes to lie on the medial side of the fibula. The hand and fwl are ^ 
affected and the preaxial digit (the thumb) coi^ to he laterally m the hand, while 
the homologous digit in the foot (the hallux) lies on the medial side when the 

foot becomes fully plantigrade in early childhood. i-. „i 

For these rtawL the prcaxial border ultimately runs down the lateral aspect 
of the upper limb and its cutaneous inrier>-ation is therefore derived from the upper 
nenes ofthe brachial ple-xus (C. 4 '?) (% 983 ), whereas the postaxiaJ border rvns 
down the medial aspect and derives i« cut^coua innervation from the lower 
nerves of the plexus (C, S-T. a). In the lower limb the plan is similar but is not» 
apparent, although them is a dUtinct t^dency for the upper ncn-« (L' o ^ 
tobutid along the medial aspect, while the lower nerves (L. s-S. 3) supply the 

lateral aspect (fig?. 990, 99 ')- (■S" F- . , 

It mi^ be remembered that, as the joint cavities do not appear before the third 
month, the changes in posture which the developing limbs «htbit, particularly in the 
latter dart of the second month, are not effected by musmar action at the joints but 
are im^don them by differential gipwlh changes especially in the skeletal element. 

The foot and hand resemble each other closely at first, each being represented by 
a platc-likc enlargement at the extremity of the hud. The mesenchymal cone of the 
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peripheral part of the plate becornes contien&ed to outline the digits^ and the thinneri 
intcn^enuig arcaa break down from the circumference towards the centre. This 
process may be carried out incompletely or it may be prematurely arrest^p and in 
such cases ^Tirving defirees of of fhijingtrs or are present at birth. 

The nsaificilion of the limb-hones is described along with the description of the 
individual bones. 

The jobits.—The mesenchyme from which the diffcrem parts of the skeleton 
are formed shovi^ no diiTcremSation at first into masses oornspondmg with the 
individual bones ; thus, continuous cotes of mesenchyme form the axes of the lim^ 
buds and a continuous column of mesenchyme the future vertebral column. 1 he 
first indications of the difFcrenliation of the hones and joints are circumscribed 
condensations of the mesenchyme ; these condensed parts become chondrified and 
finally ossified to form the bones of the skclclon. The intervening non-condensed 


Fm. 131.—A human embryo, 15,5 mm. long- tG- 1 - Streeter, Contr, Embryol., 

Camel?-, Irain., 33 + 1^8.) , ^ ^ a 

Compare the upper and lower limb buda. aa regard* their diffcrentiaiidn and 

dcj^rcc of rotation. 



Hyoid ortA- 


Im^vM 


CiTVical fitxun jR«/ oj IV ntTtiriili 


Cephalic fitxuft 


DtPtl^piny €xtmial. 
mtaiioty mofuj 


htii^iaphfrr^ 

Maxillary 

JWCW 

LoJcni! lum/ 
procMi 

»fri, 

ctj 4 


portions consist at finjt of undifTcrentiaied mesenchyme, which may be converted 
into fibrous tissue as in the cast of the skull bones, a fibrous joint being die result; 
or it may become partly fibroeartil^ioous, in which case a cartilaginous joint is 
formed ; or it may become looser in texture, a cavity uldmatcly appearing in its 
midst, while the ceils lining the sides of this cavity form a synovial stratum, and thus 
a synovial joint is develop^ t in some synovial jointa portions of the mesenchyme 
perust and form menUci. The process of cavity formadon is brought 
about partly by widening of the spaces in the mesenchymal reticulum and by 
disappcaiunce of its Bne protoplasmic bridges, and partly by liquefaction of the cell 
elements.* 

'i'he tissue surrounding the original mesenchymal core forms nbrous sheaths for 
the developing bones {perichondrium and periosteum), which are cpntinued over the 
synovial strata as tile fibrous membiancs of the capsules of the joints between the 
ends of the bones. These capsules arc not of uniform thickness, and specially 
strengthened bands—the precursors of ligaments—can be recognised in them, 'rhia, 
however, is not the only method of formation of ligaments. In some cases, by 

• For I derailed descripticn of the dcvtlopmeiM «nd atnicture of ihc lynovial membrane, 

■« D. V.^ Divir*, U 
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modification of, or derivation from, the tendons surrounding the joint, additional 
ligamentous bands are provided to strengthen the ariicul|mons. 

The muscles.— With the exception of certain muacica of the head and necK. 
which are dA'eloped frem the mesenchymid cores of the visceral arches (p-119). ano 
the musclesof the limbs, which develop ms>tu from the mesenchyme of the 
fp 120) all the vt^iinton- timates of the body are derived from the myotomy (p. ,9)- 
Typically, each myotome divides into a dorsal and a ventral pnition J 
tskL up'lts position on the dorsilatera! aspect of the vertebral 
vated hv the dorsal ramus of the corresponding spina nert-e = 

laitcr migrate vcntfally into tne booy-v\ail or 
somatoplcure and are* innervated hy the cor- 
responding i^cntral ramiiSr Ifi fisnsiS these 
twci primary' subdivisions of (he myotomes 
are separated from each other by the transverse 
pnieessea of the veitebnc and a fibrous septum 
which extends from them to the lateral line. 
The pre-muscle masses* denved from the 
myotomeSi may split longitudinally or tangen¬ 
tially. and the portions so derived ntay nmuun 
separate, e.g. ihe intereostal muscles, or they 
rmy fuse with the corresponding portions of 
adjoining myolomEs, e.g. the external and 
internal oblique muscles and the trarisversus* 

In mammals ihe deriv'atives of the ventf^ 
portions of the myoiOfTies n^y subsequently 
migrate so as lo cover iierivativea of the dorsal 
portions, butp sw their nerve-supply i& deter¬ 
mined at a ver>^ early stagCp they carry' their 
nen cs with them as they migrate. As a result 
such muscles as the serratus poslcriorp supenor 
and inferior, w hkh are attached to the vertebral 
spines and cover the erector spmar muscat are 
stippUed by anterior primary rami becau^ they 
have been derived from the ventral portions of 
certain myotonies and have secondarily acquired 
their adult pi>sition and vertebral attachment. 
Numerous examples could be cited, but those 
already given w ill sufEcc to suggest others. 

The muscles of the orbit and the muscles 
of the tongue require special mention. The 
hvpoglnss^ nen e, as will be poiflttd out later, 
is* a compound nerve and is serially homologous 
with tbe anterior nerve roots of the spinai 
nerves. Its Lncluaton within the skull is secon- 
darv. The mvotomes of the correspond itij? 
somites, probably four in number, mSgrate 
front their origiiiiti site into the tongue, carry'itig 
their nerve-supply tviih them {p, 117). 

No mcsodcnttic somites havB yet bccti 
ohscreed in the head region of the human 
embryo, but, on the evidence of comparative 
anatomy, it seems probable that a large nuruber 
of somites, seven of more, originally 
developed Lo ibis situation. Of the corrtS’ 
ponding mvotomw. however, portions of only three per^st, an^l they form the 
muscles supplied by the oculomotor, trochlear and abducent ncrvis. 

In tnao^and the higher wrtebrates many of the denvattvM of the myotom« 
degenerate and some i^ppe^T entirely. Others are converted 
wfich may take the fonn of aponeuroses fc.g, the aponeuroses of the abdominal 
muscles) or liguments (e.g, the sacroluberous ligament). 

The involuntary mmita arc derived from the mesoderm of the apianch- 

noptcunc and develop in ritu fp. 8i)i 
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THE SKIN AND ITS APPEN'DAGES 

Tht cpidijrmia, huirs, nails^ seboocrou^ mnd sudonifc^rous glamis developed 
from the ectoderm^ the c^Drium or tme skin from the SDinntie layer of the me^dunn 
with contributions from the dorailateral walls of th^^ mesodermal somircf? fp. 

The ectoderm at first consists of a si ngle stratum of cell&> but in the sixth w eek Xvco 
strata can be recof^nisedi a superficial, named the fpitrtfhiam, eonsistinfif of flat ccHs, 
the nuclei of which stain readily, and a deep, named the straium gtriiiitMiih-iim, 
consistimy: at first of cubical cclk, but later of columnar. By tnultipliration and 
differentiation of the cells of the stratum germinativum the dilTcrent layers of the 
epidermis art devetoped. Towards the erid of the third month the mesoderm 
condenses to form the corium, and at about the some time the subcutaneous 
amoiar tissue is differentiated ; in the fourth month the dermal papilla begin to make 
their appcanmcc. A cortfidcmblc desquantadon of the epidermis takes place^ 
mod this desquamated epidermis, mixed with Behacetjus secretion^ constitutes the 
T'PTjfir fdjeora, with which the skin is smeared during the last three months of fcEial 
life. . , 

ITie flairs (fig, 13a) originate a& epidermal thickenings^ which grow obliquely 
clownwanJa as solid buda into the mrium, each bud coriBdtting of an outer stratum 
of columnar cells and a core of polygonal cells. The deep end of each bud expands 
to form the hair^buib, which h moulded over a papilla of condertBed mcBodcrm+ 
The cells of the hair-bulb ptoltferate and form a CPitc ofedls^ from which the ^pus 
or shaft of the hair and its inner sheath itre devetoped; the halra graduaJly lengthen 
by growth at the hair-bulb, and ultimately project on the surfaoc- 

The itbaceoia g/andr originate as lateral Putgnowths from the side* of the hair- 
buds, artdp pushing dieir way into the mesenchyme, divide bito three or four oval 
or flask-ahaped alveolip the lining cells of ivhich are derived frcrm the stratum 
germinativum r 

The rudiments of the mdmiftfrous or siivat giartds make their uppeamnte on the 
palms of the hands and soles of the feet in the fourth mondi, and closely resemble 
the rudimenfa of the hairs^ each beginning as □ solid dow'ngrmvih of the ectoderm. 
TIve ectodermal downgrtiwih lengthens* and its deeper pan coils on itself and forms 
the body of the gland, A lumen is developed in the downgrowth ftbout the seventh 
month of intrauterine life, and opens on the surface by a duel which is hned with 
two layers of celts. In the sccrciing part of the gland the outer layer of cctls is 
modified to form a iftmiuiti of smooth muscle-fibrcs, which lies betw^ecn the epi¬ 
thelium of the gland and the iMwemcnf-membrane. Many sudonferous glands arise 
ectodermal downgrowths fmm die superficial portionfi of the hair-follkles and later 
acquire independcni openings on the surface of die skin. 

The rudiments of the naih can be seen in embryoa of about 4 5 cm. in length 
(third mnnth), and appear as primary nail^fieleh of i^ctoderm on the dorsal surfaces of 
the ditttal phaisfigcfi of the digits. At the proximoJ end and sides of each nail-field 
the epidermis is ins-aginalcd to form the naiUfQlda^ while the distal end, which 
will ultimately form the free end of the nail, is bounded by a shallow groove. The 
naii is developed from the posterior nail-fold and consists of modified stratum 
iucidum. The stratum comeum covers the nail and forms the i this 

disappears from the surface of the noih with the exception of a narrow fold %vhich 
overlaps the proxunal part of the lunulc. 

The mammary gland may be looked ti]wn M a oollection of greatly modified 
sudorifcroiis glands; the epithelial llniagof its ducts and alveoli is derived from the 
ectoderm, its supporting connective tissue from the mesenchyme. On each side of 
the ventral surface of young embryos a thickened band of ectoderm, Termed the 
mth-Tidge, extends obliquely from ihc axilla to the Inguinal region, and in some of 
the lower mammals rnamrtm' are developed at intervals along this ridge; in man, no 
definite ridge is found, and only one man^ma, as a rule, is developed on each side of 
the mcdjstn plane, but supemumemry mammae or nipples am sometimes found 
above or below the fully developed gland. 

The rudiment of the mammary gland appears as a thickening and subsequent 
ingrow^th of the ectoderm ; from this in^owth fifteen or twenty ^lid cords branch 
ofFj each cord representing a futum lactiferous tubule and lobe of the gland. The 
deep ends of the cords subdivide in the mesenchyme and form the alveoli of the 
gland. In the latter weeks of fretai life the tubules and aU™U become canalised, 
and the lactiferous tubules then open into the floor of an cpidcnnal pit. Just before 
or stx>n after birth, the n^csenchyme underlying this depression proliferates and the 
pit becomes everted to form the nipple. Ai the age of puberty, and in a greater 
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degree tott’ards the end of pregnancy, a marked enlargemcnl of the gland and a 
deeelopmcni of additional lobules and alveoli takes place. 


THE DEVELOPMENT OE THE NERVOUS SYSTEM AND 
SENSE-ORGANS 

The appearance of the medullary plate and its further differentiation into a 
median neural groove limited on each side by neural folds which fuse with each 
other during the fourth week to form a neural tube, have already been described 
(p. yh). The cephalic end of the neural tube dcvelopa into the bram and itft 

Fic itt —A traniO'crte ocetiiai throUBh the ipinal medulln of a humnr entbrj'O 
four week* old, (H«.) 
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ventricles, and the remainder of the tube forms the spinal medulla and its central 

The spinal medulla. At the time when the neural tube is closing the cells form¬ 
ing its walls, initially eonsistingofa single byer of columnar epithelium, areprolifera¬ 
ting rapidly, 'Phe lateral walls of the tube consequently thicken and are soon 
differentiated into three byers, an inner or r/wwJmn/ luyer, an intermedbte or 
muttUr /aver and an outer or marginal layer (fig. 133), 'I'hc inner and outer aspects of 
the walls of the neural tube are hounded by t««rr and wr/rr lamttng membranes. 
The ependymal layer gives rise to cells which migrate into the mantle layer and also 
to the ependymal «lts which subsctiuently line the cxmtral canal The cella of the 
mantle layer are of two varieties lentied spongitAlasIs and nevrirblastf, I he former 
give rise to the astrocytes and oligodendrocytes of the neurogha (p, 3^)* ®tid the 
latter to nerve cells. Increase in the number of celb in the mantle layer is brought 
abtmt partly by subdivision of its constituent cells and partly by etmtimied migration 
of cells into h from the ependymal layer. The manjinal layer consists of the non- 
nuclcatcd cytoplasm of the spongtobbats and forma a friiniework for the various 
tracts by which it is subsequently invaded. The roo/~ptate and jlottr-plate of the 
neural tube do not participate in the cellular proliferation affecting the lateral walls 
and remain thin.* Their celb contribute only to the formation of ependyma. 

The ncotoblaats are large and at first round or oval in shape. Soon they develop 
axonal processes at opptHite poles and become bipatar nruroblasts. One of these 
processes is, however, withdrawm and the neuroblast becomes unipolar. Further 
differentiation leads to the development of dendritic processes and they become 
ivpical multipobr nerve cells. In the developing spinal medulla the nerve cells occur 
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in snuil! clust^r^ and two or fnorc of them may be connected to one another by their 
apical processes. Such groups represent ncr\'c cells undergoing rapid division. 

At fixst die neural tube is ovd in outline and its lumen is narrow and sJit-like 
(fig, 1^3), As the lateral walls thicken the lumen widens in its dortal part and 
presents a somewhai lu^nge-sKaped appearance on cross-stetion (fig. ^ 

widening of the canal is associated with the development of a longitudinal sufois 
limitans on the inner wall on each side* *f'his suboivtdes each lateral wall into a 
ventral nr bsstil hminn and a dorsal or alor larnina. This scparatiQii is fiindamental 
and indicates a functional difference, for the nerve cells in the basal lamina become 
the rnDtor cells of the anterior and lateral grey columns, white those of the amr 
lamina form neurones on the afferent, sensory' pathw-ays. At its raudal end the 
central canal of the spinal medulla cithihitsa fusiform dilatation which is known as the 
iermina! vpniritl^* 

l*he cells of the ependymal layer are closely packed at this stage and tend to 


Fig. 134,—a tjwnwvmc section of the spirtdl medulla in ihe c^niciil rtgioo of ■ human 
embrjo early in the sixth week. <C. K- IcnErh -o mm.| 
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amniGc therraeUea in radial ooimnns (fig. 134). The cells of the mantle layer arc 
more Irniscly arranged, and they increase in number at first in the region of the basal 
lamina. This enljii|fcm<iit outlines the anterior coIuihh of the grey matter and it 
causes a fonsard projection on each aide of (he median plane, the door-plattf renwiii- 
ing at the bottom of the shallow groove so produced. As growth proceeds, titese 
cnlafEcmcnts, further increased by the dcvelcjpment of the anterior funiculi, 
cncpwh on the groove until it becomca converted into the slit-bkc anterior median 
fissure of the adult spinal medulla (fig. 135, jd and S). Theaxonsof the nerve-cells in 
the anterior grey column traverae the marginal Kone and emerge on the anierolaieral 
aspect of the spinal medulla as the venlrai nerve roatt, 

[n the thoracic and upper lumbar regions the cells of tlic mantle layer in the 
dorsal part of the basal lamina outline a talerat column. The axons of its cclb join 
the emerging ventral nerve toots and pass through white rami eommunicantcs to 
the ganglia of the sympathetic trunk to be distributed to the t'seera and blood' 
vessels, .At the same time a lateral column is laid down in the mid-sacraJ region also, 
and gives origin to the parasympathetic fibres which form the pelvic splanchnic 
nerves (p. l aoo). 

As the anterior and lateral grey columns assume their final form the cells in the 
ventral part of the ependymal layer gradually cease to proliferate, and the layer 
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bccDRics reduced tfi thickness until it ultLmatcly farms tht singk-Uyered ependyma 
which Unes the ventral part of the central eanaL of the spinal n^ulla^ The posteriar 
column is somewhat later in its developmcnt.aiid.asa resultp the ependymal layer h for 
a time much thicker in the alar lamina than it is Ln the basal lamina 134)+ 

While the columns of grey matter arc being defined, the dorsal portion of the 
central canal becomes narrow and slit-like, and its walls come into apposition and 
fuse With each other (fig, I 35 h ccninil canal becomes considerably 

reduced in size and somew'bat triangular in outline. 

About the end of the fourth week nerve-fibrcs appear in the marginal layer. 
The first to develop are the short inteisegmcntal fibres from the neuroblasts in the 
mantle zone, and the fibres of the ciorsat roots of the spinal nen-'ea which pass 
into I he spi nal inedull a from the cells of the spinal gang! ia. By the si?cth week the latter 
form a well-defined huudfe In the periphcml part of the alar lamina (fig- t jj4); 
this bundle increases in size, and spreading towards the median plane forms the 
rudiment of the posterior fLiniculiis. As the posterior funiculi increase in thick¬ 
ness, their oppKised medial surfaces come into contact wtili c^ch olhtr^ but arc 


Kig. 1/^5.—"I'^ranfivcrse frcetiani ihrouj^h tht EpinBli mcdulliL of a htiinin embryo. 
A, iibolU SiK weeks old. B, uhout ihr^e manthsi old. (llis.) 
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separated by the f^osterior median i^futn, w hich is cpiendymill in origin, ncuroglkl in 
nature. I'he long intcrscgmental fibres begin to appenir ahiUl the third month, and 
the corticospinal fibres alroiit the fifth montiL All nerve-fibres arc at first dralitulc 
of medullary' sheaths^ and different groups of fibres receive their sheaths at dilfcrcnT 
times^ e.g. the ventral and dors>al nen'e-roots are medu Hated about the fifth months 
the tNirticospinal fibres a/tcr the ninth month, 'fhe source of the myelin is uncer¬ 
tain, In the case of the peripheral nerves its formation has been attributed to the 
cells of the nucleated neurDlcmmal sheathSi whilst in the central nervous sy-stem the 
oligodendrocytes are believed to be concerned. 

The cervical and lumbar enlargements appear simultaneously with the develop¬ 
ment of the limb-buds* 

In early embryonic life the spinal medulla occupies the entire length of the verte¬ 
bral ennah and the spinal nen es pass outwards at right angle?^ After the embryn has 
attained si lengtJi of 30 mm. the vertebral column begins to grow more rapicUy than 
the spinal medulla,jhe caudal end of which gradually assumw a higher position 
wi th in the veiicbral^nal. The princi pal part of this up wvird migniiion occurs during 
the first half of intrauterine life. By the twenty-fifth week the icnnina .1 ventride 
of the spinal medulla (p. 933) has ascended from the level of the second coccygeal 
vertebra to that of the third lumbar vertebra, or a distance of nine segments, and 
there remain but two segments before the adult position b reached (Streeter •). 

• G* L. Streeter, Arter* J, Amt., * 5 , 1915+ 
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As the migration upwTiriia conunencesp the caudal end of the terminal ventncle, 
which has become adherent to the overlying ectoderm, remains in ritu, and the 
walls of the intermediate part of the ventricle and its covering pia mater become 
drawn out to form a delicate filament, termed the Jilum trrmimk. ^Fhe separated 
p<mion of the terminal vcnirick persists for a time but it disappears before birth as 
a rule. It does^ however, occasionally give me to congenital cysts in the neighbour- 
hiXKl of the coccyx. 

The spinal nerves,—Each spinal nen't h attached to the spinal medulla by a 
ventral root and a dorsal root. 

The fibres of the ventral roots are formed by the axons of the neuroblasts which 
lie in the anterior and lateral parts of the tnantlc layer ; these axons pass out thtough 

Fic. Two atnges m th?^ deveTopoivot of the ncurul creat in ihe chLck 
«mhr>'0. The cells of the cresr afx. sho^-n in blue< 



the overlying marginal layer into the myotomea of the primitive segments, and 
ultimately form the ventral ner^'o-foots. 

The fibres of the dorsal nxiis are developed from the cells of the spinal ganglia. 
Before the neural groove is closed to form the neural tiihe {p. 77) a ridge of 
neurectodcrmal cells, termed the mumi rwY Gt ganghon-ridg^ (fig. 136), appears 
along the prominent marj^n of each neural fold. When the folds meet in the median 
plane the two ganglion-ridges fuse and form a wedge-shaped area dong the line of 
closure of the tube. Opposite the primitive segments the cells of this area proliferate 
rapidly to form a aeries of oval-shaped masseSt te rmed the prmijfitT spwat gangh^j 
and these migrate for a short distance in a lateral and ventral direction. From the 
vcnirai part of each mass a small portion ig detached 10 form sympatho-chromaflin 
cells (Ph 145), while the remainder is converted into a spinal ganglion. The spinal 
ganglia arc arranged syTnmetrically at the sides of the neural tube and, except in the 
region of the tail, arc equal in number to the prifnitive segments. The ceils of the 
ganglia, like the cells of the mantle layer, are of two kinds, via, spongioblasts and 
neurobiafits. The spongioblasts dev elop into the neuroglial cells of the ganglia, the 
nucleated capsules of the ganglion cells and the neurolernma sheaths of the spinal 
ncn'cs. The ncuroblaats, at first round or oval in shape, soon assume the form of 
spindles, the extremities of which gradually elongate into central and peripheral 
processes. The central processes grow into the w-all of tlie neural tube^ and con¬ 
stitute the fibres of the dorsal nerve-roots, while the peripheral processes grow 
forw^ards to mingle with the fibres of the ventral root in the spinal nerve. As 
development proceeds the original bipolar form of the cells in the spinal ganglia 
changes \ the two processes become approximated until they ultimately arise from 
a single stem In a T-ehaped manner. The bipolar form is retained in the retina and 
in the ganglia of the auditory nert'C. Some obser^xrs hold that the T-form is 
derived from the branching of a single process which grows out from the cell. 


THE DEVELOPMENT OF THE BRAIN 1x9 

Tht iTiiinficr in i^ hich n motor establishes contncc wiih its efTctiaj^ 

IS siill uncertain. On the whole, the bnlAnC^ of the evidence, both cmbrynlo^cal 
and experimental^ supports the view that the axon j^mws €Hit frum the body of 
the cell and f^ids its way 10 die effeetnr, and that the processes of the sensory nerv^e* 
cells devHop in the same i%oy. On the other hand^ tnany embty'^lngiat!; maintain 
that, from the earliest sTajfea of development, the motor ceils are in direct connexion 
with the mesodermal muscle cells by means of protoplaSTnic hndKcs and that tbU 
connexion, thotiith it may underiga considerable leni^heniri^t^ is never lost. Harrison * 
carried out a longr series of experiments^ chiefly on amphibian Jortw, w^hich rII tend to 
support the view that the axons lyrroiv out actively from the nerve-cells. The same 
observer and others have succeeded in colturinnj pcrvc'Cclb ta cifro, and they have 
found that in the complete ab^nce of other tissues the cells give rise to long p tocesses 
which ^ so far as can bn ascertained^ art identical with axis cylinder processes. The 
opponents of this view depend mainly on htstologicaL observations. 


t'ic+ 137,—The bmin and cmniol nerves of e. hurrmn embryo, mm. long. 
( After a reenmtruction by Hb.) 
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The cells which form the ncurolcmmal sheaths of the pcripbcnil nerves have been 
ascribed to a variety of soutecs- Harman + exebed the neural crest in young amphi^ 
bian lairvse and discovered that the motor dbrea derived from the corresponding 
portion of the neural tube developed as n8^^ed axons. I_dtcr^ howevetp these fibred 
acquired a neurolemmul shenthi the constituent cells mig-rating from the wall of the 
neural tube, f k came to the conclusion that the sheaths nre neurectodermal in origin, 
farmed partly from the cells of the neural crest and portly from the cells of the neural 
tube. 

The braicL^ — Prior to the closure of the neural tube the neunil folds becom-e 
expanded considerably in the head region to outline the brain (Eg. So). Subsequertt 
to the closure of the anterior neuropore (p. 77) these expansions form the three 
primaty cerebral vesidea (Eg. 14^)^ 'fliese arc marked off from each other by 
conslrictiona, and an? named the Thamhencephal{m or hind-brafn, the m^iencefditilon 
or mid-brain, and the prosg:n€£phiilon or fare-hram —the first being condnuous with 
the spinal medulla. Ab the result of the unequal growth of its different parts three 
flexures appear in the brain ; tivo of these flexures arc concave ventraily and an: 
associated with corresponding flexures of the head. The first is associated with the 
farmation of the head fold. It appears in the region of the mid-braini and is named 
the irphalic /?exure (Eg. 137) i the fore-brain bends in a ventral dlrecfion 

* R. KsmBOfi, Arar^J,. .^Puzf.^ g. 1906, and Sg, igj?, 

f R. Cl. Harrison Comp. 1944, 
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sTDiind iht cephalic end of the Dutocherd and fore-gut until its floor lies aJinosi 
paralk-l with that of the hind-brain (fig. 137)- mid^hrain is for a time the m^t 
prominent part of the brain^ since its dor^ surface corfcsponds with the convrapty 


Fio, ijS — A t™*i-erw section through the medulls obl^gnta etf t 
hurruin embryo, to-a inm. long. >^33. (Fmm Kollmanfi s 
EnmickelimgieHcliichxc.) 





of the flexure. The second bend appears at the junction of the hind-brain and spinal 
medulla, and is termed the cerciealfl^xm (fig. t 37 )p It increases from the fifth week 
to the end of the seventh, when the hind-brain forms nearly a right angle mth the 
spinal medulla ; after the seventh week extension of the head takes place and the 
cen icftl flexure diminishes and disappears, 'Fhese bends arc important faciors in 
determining the shape of the cranial end of the embryo. The third bend is named 


Fia. 13g.^A tnvia^TTK lection throuisb ihc itiEdullfl Dblcin^ta of a human 
embryOr (After 
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the portiine fiexurr (fig. 141), bceau^ it h found in the region of the future pons. It 
differs from the other two in that (<?) its convexity k directed ventrally, and (b) it 
docs not affect the head. ■ 

The lateral walls of the hind-brain and mtd-brain> tike those of the spinal medulla^ 
arc divided into dorsal or ahix and ventral or basal lamms (fig. 13&) by the upward 
continuation of the limiting sulci of the spinal medulla. 

Tlie rhombencephalon or hind-brain.—Uy the time the cephalic flexure 
appears, the hind-brain exceeds in length the combined lengths of the other two 
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brain vesidca. At its cephalic end it exhibits a canstrictbii termed the uikmus 
rkombencephali (fig. t42. Isthmus), which is best seen when the brain is viewed 
from the dursal aspect. Ventrally it is separated from the dorsal wall of the 
primids'c phatjnx only by the notochord, the two dorsal aontue^ and a small amount 
of mesenchyme, and on each side it is ctosdy related lo the dorsal ends of the 
visceral arches (hg. i iQ)i 

The formation of the pontine flexure throw's a strain, on the thin, epithelial roof- 
plate, which becomes stretched and widened, the maximum increase m width 
corresponding to the region of maximum convexity, so that the outline of the roof- 


Flo. 140.—Di^Anun of k tranavenie seeibn through the dfiv^Juping hind-hniMi of a. 
human cfnbr>'Ot i EO^s oun. lung, to shew the relative pesidniu of ihe nuclei ef the 
dhTereni variedea of HEn^e components. 
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plate becomes rhomboitlal in form. At the same time, the lateral w'alls fa.!! away 
from each other (fig. 139) and the cavity of the hind-brain, which subsequently 
forms the fourth ventficle, becomes flattened and somewhat triangular on cross- 
section. The pontine flexure becomes more and more acute until, at the end of the 
second month, the alar and basal Laminx of its ccphalte (metencephaJon) and 
caudal (myelcncephalcui) slopes are opposed to each other (fig. 144) and, at the 
same timei the lateral angles of the cavity become drawn out to form the lateral 
recesses of the fourth ventricle. 

Ab^ut the end of the fourth w'eek, when the pontine flexure is beginning to 
be discernible, a series of six transverse grooves appears in the basal lamina of the 
hind-brain, 'rhese arc termed the grimes and th^ bear a very definite 

relationship to the motor nuclei of Certain of the cranial nerves. The first two 
overlie the nucleus of the trigeminal ntrv c; the third overlies the nucleus of the 
facial nerve, the fourth that of the abducent nerve^ the fifth that of the glosso¬ 
pharyngeal and the sixth that of the vagus ner\e. ^fhese grooves, though tran¬ 
sient, are constant in character but their significance is uncertain. Some authorities * 
regard them as evidcnee in support of the neuromeric origin of the brain and spinal 
medulla. * 

*Vhe differentiadon of the lateral walls of the hind-brain into basal and alar 
laminx has a similar significance to the corresponding difircrciuialion in the lateral 
wall of the spinal medulla (p. iab)+ and ependymal, mantle and marginal layers arc 
formed In the same way. The oelli of the basal lamina arc motor in function and they 
* H. Eerquut. . 4 cm 33, 1353. 
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fbnnthr«dQngaied,but Interrupted, colunms. The moat ventral OTlumn is in line 
with the anterior grey cotunifi of the spinal medulla and 13 destined for the supply ot 
mosclca which are myotomic in origin. It ia represented in the cau^ part of the 
hind-brain, where it forms the nucleus of the hypoglossal none, and itYcap^ars at a 
higher level 33 the nucleus of the abducent nerv^ep both of which are termed somam: 
(ffmnt nuclei The intermcdi ate column p which Lb only represented In the upper part 
o 7 the spinal medulla, is destined for the supply of the tnusculatufc denved from the 
branchial arches. 11 is intciTUpted also, but the lower partp which gives fibred to the 
eleventh p tenth and ninth cranial nerves, forms the cbn^ted nucleus ambiguus. At 
higher levctfi this column gives origin to the motor nuclei of the facial and trigeminal 
ncjTrcs. These three nuclei are termed branchial (or ^pccicsl visceral) efferent nudri. 
The most dorsal column is reprEscnicd in the spinal medulla by the lateral grey 
column andj Ukc it, is destined for the innenration of visetna. It is intempted 
alsop its large lower part forming the dorsal nucleus of the vagus and its higher part 
the upper and lower salivary nuclei- These are termed splanchnic, or general 
visceral, efferent nuclei. 


-The right side of the btmn of a hiimao etnbrjo, 9 fmn. tong. 
(DrouTi From 0 model by His.) 
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Similar interrupted columns are formed in connexion with the alar lamina and 
give rise to generai vtsceral afferent^ special vUceral afferent, general i^matk afferent 
and special iomatic afferent columns (bg. 14^)' These columnSp like those of the 
basal lamina, aie itucrrupicd and broken up into nuclei. The general vLactral 
alTercnt column is represented by a portion of the dorsal nucleus of the v-agua (see 
also p* 9 S 3 )i special viscer^ atfcicnt column by the nucku 3 of the tiactus 
solitaritLE, the general somatic afferent column by the nucleus of termination of the 
trigeminal nerv^e and the special somatic afferent column by the nucleus of the 
auditor)^ nerve. Although they tend to retain their primitive positions some of these 
nuclei are later displaced by the grow th of the £bre tracts through the region dr by 
acitvc migration, Ariens Kappet^ * has pointed out that a nerve-cell tends to 
remain as near as posaible to its source of aiimiilation and that when the danger of 
sepamtion arises^ owing to the development of neighbouring structures, it will 
migrate in the direction from which the stimuli come, 'llnis phenomenon is termed 
Ncurobiotaxis, Cclb can migrate in this way only by lengthening of their axonSp 
which therefore map nut the ri>ute taken by the cell or groups eff r^clls on its transit. 
The curious course of the fibres arising from the facial nucleus (p, 965) and 
nucleus ambiguous {p. 957) illustrate the point clearly. 

The caudal slope of the hind-brain constitutes the myelencepliahn,^\\ieL\i develops 
into the medulla oblongata- The nuclei of the ninths tenths eleventh aod twelfth 

• €h V. A. Kippers. Btmn, 44p t9ar. ond /itdi Jtowrwai? Mtdicat i934^ 
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cranial nerves develop In the situations already indicated, ^d afferent fibres^ frorn 
the canelia of the ninth and tenth nerves form an oval bundle in the mar^nal zone 
in i^region of the alar lamina (fig, 139). The dor^ edge of the a!« 
throughout tfie rhombencephalon gives attachment to the thin csipanded n» -plate 
and b termed the rhombic lip. As the walls of the rhombencephalon M orit- 
warda, the rhombic lip forma a lateral edge (fie. 139) which bect™« fol^d 
the adjoining area. According to the generally accepted view it later 
adherent to this area, and the cells of the rhombic lip migrote ac&vely into the mar¬ 
ginal aone of the basal lamina. In this w’ay the oval bundle of the fraemr fo/ifsi'im 
becomes buried beneath the surface. The cells w hich mi^te from the rhombic lip 
arc believed to give origin to the olivary' and arcuate nuclei and the ^ttcred grey 
matter of the nuclei ponds. While this migration U m progress the thm floor- 


, 43 ,—The brain of a humnn embry o a^uc lo f mm. lens. 
Rt^ht Lacemt surface. tFroin a m&drl by HiSrj 
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platu ts invaded by fibres u hich croi^ the median plane, and it bccomci thickened to 

form the median raphe. _ * .i, *kis 

The lower part of the myelcncephalon takes no part m the formation of ^he 

fourth ventricle, and, in its development, it cicely rcsemhlra the spmal 

The large nuclei, pracilis and euneaius. are derived from the alar toina, and their 

efferent arcuate fibres play a large part in the formation of the . 

.About the fourth month the descending corticospmal fibres invade the ventml 
part of the medulla oblongata to fonn the pyramids and pending fibres fr^ the 
spinal medulla, together with olivocerebellar and external arcuate fibres, form the 

"‘‘^m uiI^^or'hMSd slope of the hind-brain is termed the mtmeephahn^d 
from it both the cerebellum and the pons arc developed, t^or to the 
of the pontine flc!ture the alar bmime of the mqtcit«phaloii a« pamllel wi^ 
one another. Subsequent to its formation the roof-plate of the hind-bram 
becomes rhomboidal and the akr lamiti* of the motenccphalon he obliquely 
being close to one another at the headward end of the fourth ventricle, but 
widely separated in the region of Its kteml angl«. The accentuation of the 
pontine flexure approximutes the upper angle of the ventncLe to the lower 
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and the alar bmin® of the mdencephalan now He almo^ horiiwmtally and in 
line wiih cflch other- 

While these changes arc occurring the cells in the rhombic liji and dorsal 
part of the alar bmlna of the metcncephalon proliferate to form the mdimeni 
of the cerebellum. IVo rounded swellings arc formed which, at firati project 
partly into the ventricle (fig, 144). and they form the rudimentary ccreWllar 
hemispheres. The uppermost part of the roof of the melencephalon originally 
separates the two swell ings^ but It becomes invaded by cells, which form 
the rudiment of the vermis. Fraiser" regards these cells as dedvauves both 
of the basal and of the alar laminae. At a laicr stage the cerebellum forms a 
dumb-bell shaped swelling stretched across the upper part of the fourth ventricle 
(fig. 143), continuous above with the anterior inedullar^^ velum, which has formed 


PlO. i4j,“Thc ccrebcllurn of a foetus in the fifth tnolilh. (Fnam Kollnmin't 
Eniw-kkeIunRS0Mdiicihtc.> 
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from the isthmus, and below with the epithelial roof of the myelcnccphalon. The 
sub^uent development of the ccrebcNum is d^^ribed on p. ^73. 

The rematnder of the metcncephalon gives origin to ihe pons, but very little is 
known of the individual stages in the transformation. Ependymal, mandc and 
marginal zones are formed in the usual way, and the nuclei of the fifth, sixth and 
seventh nerves develop in the mantle layer. It is probable ihat the grey matter of 
the formatio reticularis is derived from the basal lamina and that of the nuclei piontis 
frorn the alar lamina by the stcilvc migration of celb from the rhombic Up, About 
the fourth month the pons is invaded by pontine and cimicospinal fibres, becomes 
proportionately thicker, and takes on ils adult appearance. 

The region of the istfmm rhombefi^cphiih' undergoes a series of changes which are 
vciy^ difficult to interpret. As a result, the greater part of the region apparently 
becomes taken up into the caudal end of the mid-brain, only the roGf-plate, in which 
the anterior medullary velum is forEncd, and the dorsal parts of the alar lamina, 
which become invaded by the fibres of the superior cerebellar peduncles, remaining 
as recognisable derivatives in the adult. It should be noted that originally the 
decussation of the two fourth nerves is placed on the hind-brain side of the isthmus^ 
but as the growth changes occur it is displaced in a hcadvk'ard direction until it 
reaches its adult position, Fraze r ^ considcra that these changes arc also lespo nsible 
(1) for the movement in the same direction of the nucleus of the fourth nenp^e, 
whereby it comes to lie in the mid-bmin, and (2) for the position of the nucleus of 
the nii-'senccphalic tract of the fifth nerve, which is also a derivative of the isthmus 
rhombcnccphal i. 

The mcfencepEiatati or mid-brain (figs. 143, and 145 to 148) exists 
for a time as a thin-walled tube enclosing a cavky of some size, and is 

• J. Emcflt Frazer, Manual nf Einbry^ilogy, ipji. 
t J. EittMT Fmcr, J* Anat„ 63, l^aS, ind ItK. ciL 
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separated from the fore-brain by a slight constriction and from the htnd-brain by 
the isthmus rhombenccphaltH its cavity bccomca rclurivdy reduced in diameter^ 
and in the adult brain it forms the cerebral aqueduct. The basal bunime of the 
mid-brain increase in thickness to form the cerebral peduncles, which are at first of 
small but enlarge rapidly after the founb months when ihctr fibre-tnicta begin 
to appear in the marginal 7^ne. 'Ilie cells of the basal lamina give origin to the 
nucleus of the oculomotor nerv'e and to the grey matter of the tegmentum, while the 
nucleus of the trochlear nen'c and the nucleus of the mesencephalic tract of the 
trigenhnal nerve migrate headwards Inio the mid-brain owing to the developmental 
changes which occur in the isthmus rhombencephali. The cells of the dorsal part 
of the alar lamiiue proliferate and invade chc rrKjf-plate, which therefon: becom-M 
thickened and is laicr divided into corpora bigemina by a median groove. At its 
caudal end this groove becomes a median ridge, which persists In the adult as the 
frenulum veli. The corp(»i^ bigemina are kter subdivided into the superior and 


FlC. 144*—The dorsal Dspeet of the hind-^brAin of a Human embryo about 
tHlM months old- Viewed from behind and partly from die righl ikle. 
{From A model by Hbr) 





inferior colliculi by a transverse furfvjWp The red nucleus is dearly dflined at the 
end of the third month whether from the neuroblasts of the alar or basal lamina. 
Its origin is uncertain^ 

Tbc prosencephalon or fore-braim—A tmnsvcise section thmugh the early 
fore-brain slmv^^s thessimc parts asare displayed in similarsectionsofthc spinal medulla 
and medulla oblongalOf vik. a pair of thick lateral vvallis connected by thin floor- and 
roof-plates. Moreover^ each lateral wall is divided into a dorsal area and a ventral 
area separated internally by a furrow termed the hypot^alamtc rukus. This sulcus 
ends anteriorly at the medial end of the optic stalkp and in the adult brain persists as 
a slight gixifjve extending backwards from the interventricular foramen to the 
cerebral aqueduct. 

At a Very early penod—before the closure of the anterior neuropore {p. 77)— 
tw o latcml diverticula, termed the npHc ifmcles, appeOTp one on each side of the fore- 
brain * fora lime tliey communicate with the cavity of the fore-brain by relatively 
wide openings. 'Fhc distal parts of the optic vesicles expand, while the proximal 
parts arc reduced fo tubular stalks, termed the opik r/o/Aj; their further develop¬ 
ment is given on pp. 146 to i4(>. The forie-hmin then grow^ vcnlrally, and gives 
origin to two diverticula w^hich rapidly expand to form two large pouches^ one on 
each side. These diverticula subsequently form the cerebral hemispheres, and 
their contained ciivitie$ are the rudiments of the lateral ventricles; they com¬ 
municate with the median part of the fore-brain cavity by relatively w ide openings 
which ultimately form the intcrvxntricular foramina. The anterior part of the 
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roof-plate of tKe fore-brain consists of a thin sheet, termed the fermintilis 

(figs. 145 and 148) which stretches from the interventricular foramen to the recess at 
the base of the optic stalk. The anterior part of the fore-brain, including 
rudiments of the cerebral hemispheres, is named the wfewe^Aa/on, anJ the posterior 
portion the dtemepftalon ; both contribute to the formation of the third ventricle, 
although the latter plava the predominant part. 

The d/wcepAuftw*.-The thalamus and the metathalamus are developed from 
the dorsal area of the lateral wall of the dicncephalon. The thalamus (figs. 145 to 
150) arises as a thidrening which involves the anterior pan of the dorsal area. 
Caudal to the thabtnus the lateral and medial geniculate bodies, which con¬ 
stitute the metulhatamiu, arc recognisable at first as surface depressions on the 
inner aspect and as elevations on the outer aspect of the lateral wall. the 


Fio. 14$. —-'rhe brain of a himinH tmbfyo, about lo-* mm, long. 

(From H mddet hy Hia-) 



thRlaml enlarge, they gradually UttiTOTV the wide Lutcn^al bem^ccji them tnto a slit- 
like cavity which forms the greater part of the third vcniricle. After a tunc these 
medial surfaces oume into contact and become adhcrGnt to each other over a variable 
*rca, the connexion constituling tlic udhesion. The backward growth 

of the thalamus excludes the geniculate bodies from the lateral wall of the third 
ventricle- 

At first the lateral aspect of the developing tfudamus is separated from the medial 
aspect of the cerebral hemisphere by an cxtmneural cleft, but as growth proceeds 
the deft becomes obliterated (lig. 141^) and the thaiamus comes into intimate re¬ 
lationship with the corpus striatum. Latcr^ with the development of the projection 
fibres of the neopallium (p. 1062), the thalamus becomes rElajed to the internal 
capsule, which intervenes between it and the lateral part of the corpus striatum 
[lentiform nucleus]. 

Below (%'entral to) the hypothalamic sulcus the lateral wall of the diencephalon 
forms a larjijc part of the h^'pothalamus. 

The epith^iamui^ which includes the pineal body, the posterior commissure and 
the irigotium habenuhe, develops in associadon with the caudal part of the roof-plate 
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and the adjoining portions of tfte laterol walls of the dieiiMphalon. The pMwa/ body 
arises as a hollow outgrowth from the roof-plate, immediately adjoining the 
cephalon. Its distal portion becomes solid, but its proximal po^on, or stalk, 
remains hollinv, containing the reecssus pincalis of the third vcninclc. In many 
reptiles the pineal ootgrovtth is double. The anterior outgrowth (parapineal organ) 
develops into the pineal or parietal eye (p. looS) while the posterior outgrowth »» 
glandular in character, li ii the posterior outgrowth which w kontologous with the 
pneat body in mm. The anterior outgrowth also develops m the human embryo, 

but it very soon disappears entirely. ... . , , n r .u 

The posterior amrnissutf is formed by hbres which invade the lower wall of the 

pineal recess from both sides. - 

The nudeus hnbennUe. which is the most important oanatiiuent of the trtgofutm 
habenula', is developed in the lateral wall of the dicncephalon and is at finit m dose 


Fic. 14*1,—The riaht side of the hrsin of i huiiHn embni o, 13-6 tong, 

oi the hind-brain haa been removed. tDrmwo from a model by Hii.) 
with Flit, M7- 
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relationship with the geniculate bodies, from which it beijoities separated y 

backward growth of the thalamus, - ,u- j 

The roof-plate of the diencephalon, in front of the pineal body, ““ 

cpithclUl in characier, and is subsequently invaginated by thechonoid plcxu^s ol 
the third ventricle. Prior to the development of the eo^us callosum and the fornix 
it lies at the bottom of the longitudinal fissure, which separates the two cerebral 

^*'Thl!'flwr^SThrd!'cJ«Jhalon takes part in the formation of the 

including the corpora mamillaria, the tuber cinereum and the infundibulum of the 

bypophy ^ inamillaria arise as a single thickening, which becomes dwided by 
a median hmow during the third month. Antenor to the oorpom mamdlana the 
tuber cinereum ddVebps as a cellular proliferation which extends forwards as far as 

In front of the tuber cinereum the floor of the diencephalon gives ongm to a 
wide-mouthed diverticulum, which grow-s towards the roof of the stora^aum and 
comes into mlatiunship with the posterior aspect of Rathke s pouch (p. 185) Th^ 
two diverticula, the one derived from the floor of the neural tube and the other 
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from the roof of the ^tomodtEump together form the hyp^pkytis ffig_ 199). 
The upper cud of the neural outgrowth persists as the infundibular recess of the 
third ventricle. 

The optic vesicles, which are described with the dei’elopmcnt of thfc eye (p. 146), 
are derived from the lateral wall of the prosencephalon before the teJcnccphabn can 
be idenrihed. They are usually regarded as derivatives of the dienccphalon, and the 
optic chiasma indicates the boundary- between the dienccphaloti and the telen¬ 
cephalon. 

The tfiejicepfialon consists of a median portion and tw'O lateral diverticula. The 
median portion forms the anterior part of the cavity of the third ventricle^ and is 
closed below and in front by the iamma terminalis, T)ie lateral diverticula consist of 
outward pouchings of the lateral walla of the prosencephalon, which may correspond 
to the alar laminar^ although this is uncertain ; the cavities represent the future 
Lateral ventricles, and their walls the nervous matter of the cerebral hemisphetes. 


Fio. 147* — The brain af a humun embrya, 1 j '6 mm. biit- Medial surface ef right 
hflJfr The mof of the hindj-braiti hw been removrd. (From a mcKlel b>' His.) 
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The roof^-ptntc of the median part of the teltnccphaion ramsiins thin, iind is cott- 
nnuoua behind with the roof-ptate of the dienccphalon. In the floor-plate and the 
lateral walls of the prosencephalon ventral to the primitive interventricular foramen 
the anterior part of ib^ /ivpot/ialamut ia developed ; this includes the optic chiasnia 
and the opuc recess. The optic chiasma is formed by the meetini and partial de¬ 
cussation of the optic nerves, and froin it the optic tracts subscquentivEtovi' bAch- 
wards to end in the dtencephalon and mid-brain. 

The cerebral hemispheres arise as diverticula of the lateral walls of the telen¬ 
cephalon, with which they remain in continuity around the upper, anterior and 
lower margins of the large, intencntricular foramen. At the posterior margin 
of the foramen the wall of the hemisphere is continuoua with die anterior part of 
the lateral wall of the diencephalon (hg. 145); as growth ptooceds the hemisphere 
enlarges forwards, upwards and backwards and acquires an oval outline with 
medial and superolateral walls and a floor. As a result the medial surfaM are 
^parated from each other by a cleft which stibsequendy becomfe the longitudinal 
fissure. At this stage the floor of the deft is formed by the epithelial rLf-pJatc 
of the CclcnupluUon, which is directly continuous poslcriorly with the euithclial 
roof-platc of the dicnccphalnn (fig. 14S), " ^ 

The antenor pole of the oval hemisphere becomes the frontal pole, but. as the 
hemisphere enlarges, its original posterior pole is carried downwar^and fo^vards. 
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apparently in association with the growth of the caudate nucleus^ to form the tern- 
pond pole and a new posterior pole becomes dehnedi which wilt persist as the 
occipital pole of the adult brainf The enormous expansion of the cerebnil hemi¬ 
spheres is cHaracterisdc of the mammalia and especially of manj and in their 
sulwquent gro\nh they hide, successively^ the diencephsilonp the mcscnocphalon 
and the cerebellum. 

About the fifth week a longitudLnal groove appears in the anteromedial part of 
the Boor of the ventricle. This groove deepens and forms a hollow diverticulum 
connected to the hemisphere by a short stalk. The diwrticulum becomes connected 
on its ventral or inferior surface to a ganglionic mass, the cells of w hich receive 
afferent axons of the sensory cells of the olfactory plate. As the head^ increases in 
size the diverticulum grows forwards and, subsequcnily losing its cavityt becomes 

Fic. —Mfldial suriicc of the nsht half of thv brain of a hoimn embr^^Op about 
(bree months old. (DrmTm from a modol by Hia.) 
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converted into the solid olfactory bulb. The forward growth of the bulb is accom¬ 
panied by the elongation of its stalk, which forms the olfactory tract, and the 
portion of the Boor of the hemisphere to which the tract is attached constitutes the 
ptrj/orm 

The pla mater which covers the epithelial roof of the third ventricle at this stage 
consists of lotjsely arranged mesenchyme* In the meshes of tins tissue numerous 
blood-ve^els develops and on each side of the median plane these ves^ls subse^ 
quentiv invaginate the roof of the ventricle to form its chorhid ph 3 ^fs^. t^e lower 
part of^ the medial wall of the hemisphere, wliich immediately adjoins the epithelial 
roof of the interventricular foramen and the antcriorextremity of the dienoephalofi, 
remains epithelial in character w^hilc elsewhere the walls of the hemisphere arc 
thickening to form the pallium. This thin part of the medial wall of the hemisphere 
is invaginated by vascular tissue, continuous in front with the choriotd plexus of the 
third ventricle and constitudng the chorioid plexus of the lateral ventricle. This 
invagination occurs along a line which arches upwards and backwards,, parallel 
iviih the anterior and upper boundaries of the interventricul^ foramen, and the 
curv'cd indentation of the ventricular wall is termed the (harioid (fig+ 14^)- 

* 4 t Brat growth proceeds marc actively in the floor and the adjoining part of the 
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IflttjrdJ wall of the devdoping hemisphere, and an elevation is formed w'hich en¬ 
croaches on the cavity of the lateral ventricle. 'FhEs elevation is the rudlmcRtary 
corpus striatum (fig. 145), and it extends forwards to the floor of the intervTniriculiar 
Ibrarnen where it is separated from the developing anterior end of the tVial^us only 
by a groove (fig, 147). Posteriorly ihe corpus striatum is^ from the beginnbigp in 
close relationship to the temporal pole of the hemisphere and, when the occipital 
pole grow-a backwards and the general enlargement of the hemisphere carries the 
temporal pole downwards and fonvardsp it is continued from the door of the central 
part of the ventricle into the roof of the infcricir hom. 

As the hemisphere enlarges the posterior part of its medial surface overlaps and 
hides ihe lateral surface of the diencephuEon ftltalamic part]| being separated from it 
fay a narrow cleft occupied by vascular oonneedve tissue. At this stage (end of 
second month) a transverse section made behind the in terv^entricuhr foramen passes 
successively through : (i) the dev'cloping thalamus (z) the narrow cleft just men¬ 
tioned, (3) the thin medial wall of tiie hemisphere, and (4) the cavity of the lateral 
ventricle with the corpus striatum in its Hoot and bteral wail (fig, 149, A). As the 
thalamus increases in extent it acquires a superior, in addition to its medial and 
lateral su^facc3^ and the lateral part of its superior surface fuses with the thin medial 
wall of the hemisphere, so that, in the adult, this pari of the thalamus is covered 
with the ependyma of the lateral ventricle immeJiaicIy below the chorioid fissure 
(fig, 149, 5 ). As a result the corpus striatum is appojJtitnated to the thalamus and 
separated from it only bv a deep groove, which becomes obliterated fay increased 
growth along the line o^^ contact. The lateral aspect of the Chabrnus is now in 
continuitj' with the medial aspect of the corpus striatum, so that a secondary union 
between the dicncephaJon and the telencephalon is effected over a wide area, pro\Hd- 
tng a Balisfactory and convenient route for the subsequent passage of prt>jection 
fifaroa to and from the pallium. 

The palhal area which borders the Jnten^entricukr foramen and lies outside the 
cborioid figure constitutes the aKhipaHium. k is the first part of the pallium to 
undergo differentiamut, and at first jt forms a continuous, almost circular strip on 
the medial and inferior aspects of the hemisphere, i.e. along the medial fringe nf 
the pallium. Below and in front, where the stalk of the olfactory tract Is attached, 
it exinstitutes a part of the piriform arra. I'he portion outside tlie curt'c of the 
L’horioid fissure (tig. 150) constitutes thtj hippocompai farmaiiati. 

In this region the cells of the ^yjllium prolifciatc, and the wall of the hemisphere 
thickens and produces an elevation wdiich projects into tho medial side of the 
vcfilricle. This elevation is the iiippocumpus^ It appears first on the medial wall of 
the hemisphere above the area in front of the Eamins tcrminalis [preterminal area] 
and gradually extends backwanls into the n^gion of the temporal pole, where it 
adjoins the piriform area. The marginal zone in the region of the hippocampus 
becomes invaded by ncnx cells which form the J^atale gyriu. I’his structure is 
practically ccn-extcnsive with the hippocampus^ and, like it^ extends from the pre- 
terminal area backwards above the chorjoid fissure and follows its curve downw ards 
and forwards towards the temporal pole, where it runs into the piriform area. A 
shallow surface depression, w^hich has been termed the hippocampal sukus^ grooves 
the medial surface of the hemisphere in the m^on of the hippocampal formation, 
but it is not responsible for the elevation w^hich the hippocampus forms in the 
interior of the ventricle. 

The efferent fibres from the cells of the hippocampus collect along its medial edge 
and run forwards immediaicly obtive the chorioid fissure. Anteriorly they turn 
dow'nwards and enter the lateral part of the lamina tem'iinalis in order to gain the 
h^3>othaiiimu3, where they end in the corpus mamillare. 'ITieae efferent hippo- 
c^pal fibres form the fimhria and Xht fornix. 

The development of the commissures effects a very profound alteration on the 
medial wall of the hemisphere. At the time of their appearance the two hemispheres 
are connected to each other by the median part of the telenccpbalon. The roof- 
plate of this area remains epithelial and non-nervous, Avhik its floor becomes 
invaded by the fibres of the optic nerves. These two routes are not available for the 
passage of commissural fibres passing from hemisphere to hemisphere across the 
median plane, and these fibres are therefore compelled to pass through the anterior 
wall of the inten^entricular foramen, i ,e+ the hmina termiftitlis. The first commissures 
to develop arc those associated w ith the rhincncephalon and archipalUum, Fibres 
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of the oLfiactory tracts cross in the ventral or tower part of the lafnina icrTninalis 
and constittite the anterior part of the mtimor eommhmrf. In addition the two 
hippocampi cnmicctcd to each other by tmcisversc fibres which eroes 


Fw. 149.—Diflgm™ illu&tTHdrL^ wttom aerws the dewtopinir thalmflui 

and eerrbnd hemhphere. 
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from fornix to fpmii in the upper part of the lamina tenninalis and give origin 
to the esmmisstirg of tlit fornix^ 

The neopallial coirnitisdures develop later and follow the pathways already 
established by the commissures of the rhincncephalon. Fibres earning from the 
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tentorial surface of the hemisphere join the anterior commissure and constitute its 
larger^ posterior part. All the other commissural fibres of the ncopallium associate 
themselves closely with the commissure of the fornix and lie on its dorsal surface. 





Fig. I s I,—Thi- ri^fht c^rcbml hcmisphtrc 
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These fibres increase chorttiously in □uinbet', and the bundle rapidly ou^rows its 

neighbours to form ihc [fig^ 150)+ 

TTie first fibres of the corpus callosuni lie within the limits of the larnifiii termiii- 
alis, but as the DDimnissuTe increases in sis^e it extends forwards and upwards and 
then backwards far bcj'ond those limits. Since the fibres which enter the eommis- 
8ure from the temporal, parietal and occipital regions outnumber those corning 
from the frontal regioTip the principal enlargement occurs in a backward direction. 
As the corpus otllosum grovi^ backw^ards it extends ahovc the chorioid fissure, 
carrying the commissure of the fomix on its under surface. In this vray a new floor 
Ls formed for the longitudinal fissure, and additional structures come to lie above the 
epithelial roof of the third ventricle. In its backward growth the corpus callcssum 
invades the area hitherto occupied by the upper part of the hippocampal formationp 
and the corresponding pans of the dentate gyrus (fig. 150) and hippocampus 
are reduced to mere vestiges, vise, the indusium griseiun and the longituduid 
strife. 

The lower parts of both the dentate g>TUS and the hippocampus persist, for 
□wing to the forward grawtb of the temporal lobe tiie brain stem presents an impass¬ 
able barrier to further growth of the corpus callosum* 

The growth of the neopallium and its enormous expansion is associated w\ih the 
appearance of the projection fibres du ring the latter part of the third month. These 
fibres follow the pathway provided by the apposition of the lateral aspect of the 

thalamus with the medial aspect of the 
corpus striatumi and^ as they do so^ they 
divide the latter^ almost completely, into 
a lateral part [the Icndform rmcleusjp and 
a medial part [the caudate nucleus], these 
two nuclei remaining unseparated only in 
their aniero-iiiferior portions. 

At the end of the third month the 
iatentl aspect of the cerebral hemisphere 
show's 4 slight depression above and in 
front of the temporal pole. This hollow 
corresponds to the site of the corpus 
striatum in the floor and lateral wall of 
the ventricle, and its presence is due to 
the more rapid growth of the adjoining 
pallial areas. This iaieral cerebrai foisa 
gradually becomes overlapped and sub- 
merged so that the fossa is converted into 
the lateral embrai sutcus and its floor be- 
comes the iusuta (fig. 151). The process, 
however, is not completed in its most an¬ 
terior part until after birth. 

The growth cltanges in the temporal lobe w^hieh help to submerge the insula 
produce important changes in the rhinenctphalon. The olfactory tract is continuous, 
on the one hand^ Avith the medial olfactory g>'rus, which turns upwards in front of 
the lamina lerminalis, and, on the other hand, with the lateral olfactory g>'rus^ xvhich 
is directly continuous with the piriform area. Tlie fonvard growth of the temporal 
pole and the general expansion of the ncopallium cause the lateral olfactory gyms 
to bend laterally, the summit of the conveKity lying at the antero-inferior cajrnerof 
the developing insula (fig. 151). During the fourth and fifth months the piriform 
area bcctimes submerged by the adjoining neopallium, and in the adult only a part 
of it remains visible on the inferior aspect of the cerebi'um. 

Apart from the shallow hippocampal snlcus and tlie lateral cerebral fossa the 
surfaces of the hErmbphere remain smooth and uninterrupted until the beginning of 
the fourth month (fig. 151). parieto-occipital sulcus appcfrs about that time 
on the medial aspect of the hemisphere, and its appearance is due to the traction 
exerted by the splenial fibres of the corpus callosum. At about the same period the 
postcalcarinc sulcus appears as a shallow groove extending forwards from the region 
of the occipital pole. It Is a true infolding of the cortex and forms in the long axis of 
the striate area, producing at the same time an elevation, named the cakar on 
the medial wall of the posterior horn of the ventride. 
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During the fifth month the sulcus drtguli appears on the medial aspect of the 
hemisphere^ hut it is not umil the s^ixth month that sulci appear on the inferior and 
superolateral aspects. The centr4h precentral and postcentral sulci appear each in 
two parts, upper and lovvctp which usually coalesce shortly afterguards, although they 
may remain unnnited. The superior and inferior frontal, the intrapanctah oedpitalp 
temporal and collateral Biild make their appearance duHng tiae same pcritKl, and by 
the end of the seventh month all the important stild can be recognised. 

If a section through the wall of the hemisphere about the sixth week be examined 
microscopically it is seen to consist of a thin marginal layer, an intermediate mantle 
layer and an inncCp thick ependyma! layer. It therefore resemblca the apinal medulla 
at the same Stage. Thereafter, however, neuroblasta from the cpcndyrnal and mantle 
layers migrate into the deep part of the marginal layer and form the cells of the 
cerebral cortex in that situation. The differentiation of the cort«s b described in a 
later section. 

At birth the volume of the brain b approximately 25 per cent, of its volume in 

Fic. brmin of an cmhnTi at ihv btjonniriE of iKc Tminh month. 

Inferior (Kolln>Hiin.) 





Gi/nt* clfadoriui mtidifilu 
olfQtsicriuw 

dynu ^irnbitm 
Gyrtt4 dutfomslU 


adult life. Tfte greater part of the ittCftase occurs durii^ the fhst year, at the end of 
XDhich the wlusne of the hrain has increased to 75 per cent, of its adult volusae. The 
growth can be accounted for partly by increase in the size of the nerk'e-cella and of 
Uie cerebral blood-vessels, but it is’the acquisition of their medunated sheaths by the 
nerve fibres which is princiiwlly responsible for it The great sensory pathwa)fl, 
visual, auditory and somatic, become racJullatcd first, and the motor fibres 
later. During* the second year and subsequent years growth proceeds much 
more slowly, and the brain a'ltains its adult size by the seventeenth or eighteenth 
year. The’ continued growth is connected with the euntinued meduilation of 
ncrvc-fibrc 5 + 

A summary of the parts derived from the cerebral vesicles is given in the following 
table: — 


'1, MyelcncephftlQEi 


Rhombencephalon a. MctcnCephalon 
or hind-brair> 

3, [stbmtis rhomb- 
encepbali 

Mesencephalon cir mid-brain . 


f Medulla oblongata. 

\ Lower part of fourrli ventricle. 
fPoni. 

J Cerebenum. 

I Middle part of fourth ventrido. 

{ .Anterior medullary velum* 
Superior cerebellar peduncles. 
Upper part of fourth venlriele 
rCerebral peduncles, 

J Tectum {lamina quadrifemina}, 
I Aqueduct. 
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rnjMnccphalcin or 
forc-brain 


Tc\eri«?phidan 


OicncephaJon 


'Thal^rnua. 

Mtrcatholjunu?^ 

J EpithBlfunUE^ 

iVisiudor part uf hypcfthfllftnius. 
L Posterior port of third vciitnolc- 
AntcnDr part of third ventricle. 
Anterior part of hjTfwtholomuSr 
^ CcrtbmJ hetnisphcrw. 
ventricles^ 

Jnterv'cntticiilor foremen. 


The cranial nerv'es.—With the csceptlDu of the olfactory and optic nerves, 
which will be considered separately, the cranial nen-es are dcreloped in a similar 
manner to the spinti] mrves. 

The fibma of the motor cranial nen^es arc the axons of ct!llB in the basal bmlnB 
of the mid- and hind-brains, and outwards, to their distribution, but whereas 
the motor fibres of the spinal nen'e^ form one serieSp those of the cranial nen^cs form 
two. according aa they arc derived from the medial or lateral parts of the basal 
lamina. The first series oortiprises the oculomotor, trochleajp abducent and hypo¬ 
glossal nen^es ; the second comprises the accessory nerve, and the motor parts of 
the trigeminal, facial, glossopharyngeal and vagus nerves, all of which supply the 
striped muscles derived from the visceral arches. 

As the Ups of the neural groove fuse with each other in the r^ion of the hind¬ 
brain and midbrain, a nturaUrest is formed and it is homoLogoits with the neural crest 
of ihc spinal medulla. The ganglia of the vagus, glossopharyngeal, stato-acoustic 
(in part)p facial and trigeminal nen'cs are derived from the ganglion-crest, but they 
migrate vcntrally and soon come to lie on the vcntrilateral as|^ct of the hind-brain. 
The stato-acotistic nerve ganglion is believed to receive contrihutiops also from the 
w ill of the auditor)^ vesicle, lliere is much descriptive and experimental evidcncCp 
mainly from lower vertebrates, that overlying ectodermal thickenings or placodes 
contribute to the ganglia of the trigeminal, facialp stato-acoustic h vagus and glosso¬ 
pharyngeal nerves^ It is claimed that these contributions give rise to the apcckl 
somatic afferent (acoustic and lateral line) and the special visceral affercint (chiefly 
gustatory) components of these nerves. The development of these cnmiaL nerve 
gangha and the Me of the ecTodcrmal placodes in the human embryo still need 
clarifying (sec p. 117). Caudal to the ganglion of the vagus nerve the occipital 
portion of the neural crest is concerned with the ganglia of the accessory^ and 
hypoglossal ncrv cSv Rudimentary ganglion cells may occur along the hypoglossal 
ncr^T In the human embryo ; they undergo regression later. The central processes 
of the cells of these ganglia form the scnsoiy roots of these ners'ts and enter the alar 
lamina of the hind-brain, while their peripheral processes form the nerves them¬ 
selves. The incoming fibres from the facial, glossopharyngeal and vagus nerv^es 
collect to form an oval bundle, termed the tnicius soli tar ius (p. 133), on the lateral 
aspect of the myclentephalon. '11113 bundle is the homologuc of the oval bundle 
of the spinal medulla. 

The autonomic system.—The ganglion cells of the sympafktik system are 
derived from the ncunJ crest through the medium of the primitive spinal ganglia 
(p* laS). Certain of the cells in the veiUral parts of these ganglia migrate tow'ards the 
sides of the aorta, where they subsequently form the ganglia of the sympathetic 
trunks. Others migrate still further and eventually form the subsidiary sympathetic 
ganglia (fig. 153). ^’hn original migration is limited to the thoracic and upper 
lumbar regions, 'fhcrcafter the chain grow^ headwords and tailwards until the 
whole trunk is laid down. The view has been advanced that the sympathetic 
ganglion cells are, at least in pan, derived from cells which migrate from the basal 
lamina along the ventral nerve roots. The results of destruction of the neural crest 
in chick embryos and of excision of the neural crest and portions of the neural tube 
in frog ttnbryos have been somewhat contradictory^ in the hands of difTcrenl 
investigaiors, ’ On the whole the balance of the evidence favours tile earlier view. 

The ganglion cells of the cmnial part of the parasympathetk sytlrm arc probably 
derived from the ganglion crest through the medium of the primitive ganglia of the 
third, fifth, sevefUh, ninth and tenth cranial nen^ea. 'Fhe ciliary ganglion is formed 
by cells which migrote from the trigeminal ganglion along the ophthalmic nerve, but 
it alrnost certainly is reinforced by cells migruting from the nucleus of the oculomotor 
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ncn c. The sphenopalatine ganglion receives contributinns from the ganglia of the 
fifth and seventh nerves ; the otic from that of the ninth ; and the submandibular 
from that of the seventh cranial ncr^'e. 

The meiuiifies.—The dura mater, which is always intimately related to skeleui 
Structures, Is mesodeirnal in origin* The araehnoid and the pia maicr, how* 
ever^ are more ciosely related to the brain and the spinal medulla, and es]K'timental 
work • is strongly au^estivc of their derivation from the neural crtsi. Portions of the 
neural tube transplanted without the adjoining portion of the neural crest develop a 
covering of dura maicrj but no fluid spaces* such as the subarachnoid space^. ar^ 
formed and no chonoid plexus develops. If, however, the adjoining part of the 
neural crest is included in the graft, 

the transplant develops coverings Fm. 15^—thowitig the chief den^^nvci 
of arachnoid and pia mater and ^ ^ err*!, 

subarachnoid and subdural spaces 
in addition to an outer covering 
of dura mater. 

The chrornaffiji organs.— 

The tissue from which the sympa- 
ihelic ganglia sire formed is at first 
a syncytium of cells termed rym- 
pai/iochromaffifi cr/fs^ but later two 
varieties of cells—small and large 
—arc difierentiated from in ihe 
small cells (sympathoblasts) are 
transformed into the sympathetic 
nerv'e-cells, the targe become chro¬ 
maffin cells, and, separating from 
the others, accumulate to form the 
chromafEn organs. In the trunk 
of the sympathetic the chromaffin 
bodies am situated in depressions 
in the ganglia. In connexion with 
certain , but not all* of the secondary 
plexuses of the sympalhetic system 
chromaffin organs arc found ; the 
largest members of this series are 
the para-aortic dodin, which lie 
along the sides of the abdominal aorta between the superior mesenteric and common 
iliac ancrics ; these Indies arc commonly termed paraganglm. After birth the aortic 
bodies and the chromaffin bodies of the sympathetic ganglia degenerate and can no 
longer be isolated by gross dissection, but chromaffin tissue can be recognised with 
the micfoiscopc in the sites which they originally occupied. 

The suprarenal glands.—Each suprarenal gland consists of a cortical portion 
derived from the corlomic mesothelium and a medullar) portion originally composed 
of syrnpathochromaffin tissue. The cortical portion is first recognisable about the 
beginning of the sixth week as a series of buds from the cfiloimc cells at the root of 
the mesentery^ These buds become separated from the cmlomic mesothelium and 
form a aupmronal ridge projecting mto the Mlom between the mesonephros and the 
root of the mesentery. They form the f^etai cortex, w hich undergo^ mvolutioti 
soon after birth. A second ingrawih from the ccriomic mesothelium forms a layer 
of small cells over the surface of the ridge, and eventually pcisists as the definitive 
cortex In the eighth week celts from the ncighbourmg masses oF s>Tnpaih<H 
chromaffin Tissue migrate into the fcrtal cortex along the line of its central vein and 

form the medullarv portion of the gland. , , . ji . ^ 

The nose.- TTie development of the nose has already been considered (pp. 

^ **Thc Hcrvts am developed from the cells w hich line the olfactory pits; 

these cells undergo proliferation and give rise to what are termed the olfactory cells 
□f the nose. Their central processes art usually described as growing mto the over- 

•SC Itancv ind H s. nurr. of FiychiaL 15, T\ih view hu 

recemly been conteMcd by E. C. Senwnig, ConiF.E»dfry ot.^ luitn.. 34 p 195^^ 
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lying olfactory bulb and forming tho ollactorj' nerves. It baa, howevcT, been shown 
that ihc oLfactory cells are from the first connected with the brain hy A bridge of 
protoplasm which is never Bevcred+ and that the olfactory ncr^^e fihns are developed 
m thia bridge.* * 

The eyes,—The rudiments of the eyes appear as a pair of bellow diverticula 
from the lateral aspects of the fore-brain. These diverticula are visible some time 
before the closure of the anterior ncuroporc i after its closure they are known as the 


Fia. 154 ^—Secztcn thtouj^h the opiic vesicle of t mole embryo, 3-5 men. long. 



£ 7 «ils^ furthrain 


Opiic Akilk 


Optic vesicles. They project towards the aides of the head, and the distal part of each 
expands while the proximal part remains rtarrow and constitutes the opttc stalk 
(figa+154 and 156). A small area of ectoderm overlying the optic vesicle becomes 
thickened and depressed in its centre. The depression deepens and its edges come 
together and fuse so as to enclose a hollow vesicle (figs. 154 and 155) which soon loses 
its conncjrion with the surface ectoderm^ Tbb 16 the tens vesiclef or rudiment of the 
lens* The outer wall of the optic vesicle increases in thickness and undergoes 
invagination 60 that the vesicle is converted into a cup, termed the optic cup, consist- 


FJCd 155.—Section through the dcrebping eye of a mok embryo^ ^-3 mm. long. 



ing of Uvo strata of cclU (fig. 155)* These two strata are continuous with each other 
at the cup-margin, which grows forwards at the end of the third month overlapping 
the front of the lens and reaching as far as the future aperture of the pupil. T^e 
invagination Is not limited to the outer wail of the vesicle, hut involves also its 
caudal surface and extends in the form of a groove far some distance along the optic 
stalk. Thus, for a time, a wide gap, termed xh^JtFfai or chormdat fissure^ exists in 
the caudal part of the cup (fig, 156). Through the groove and fissure fficscnchjTne 
extends into the optic stalk and cup, carrying the hyaloid artery with It; as growth 

• G. Elboi Smiih* Amt. Am., Bjuid 33, and Fmnca M. Balbruvne. Roy. 

Soc. Ettin.^ 53, 19*5. 
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proojeda, the edges of the fissure become approximated and they close during the 
seventh week, including the artery in the distal portion of the s^k. Failure of 
fmtal fissure to dose is a very rare anomaly and always implies a corresponding 
deficiency in the chorioid and the iris (congenital cob^ma). It must be noted, 
however, that Localised deficiencies of the chonoid and iris may occur quite indtpen^ 
dently, and in such cases the retina is normaL* 

The retina Lb developed from the optic cup. The outer stratum of the cup 
persists as a single layer of cells, which assume a columnar shape, acquire pigment, 
and form the pigmented layer of the retina, the pigment first appearing in the cells 
near the edge of the cup* The cells of the inner stratum proliferate and form a 
layer of considerable thickness fiom w hich the nervous dements and the susten- 
tacular fibres of the rctma, together with a portion of the vitreous body, are devel¬ 
oped. In the portion of the cup which overlaps the lens the inner stratum is uoi 
differentiated into nervous elements, but persists as a layer of columnar cellfl 
together with the corresponding part of the pigmented layer* form the pars ci/iU7?f 
and pars indica retina* 



1 —DiiajfTw^ ol 'he optic cup B-t the end of the iRrth week. V iewed fium tbe 

caudal A&pcct. 


Ttie cells of the iniwr laj'er of the cup prolifenue and form an outer nuclear zone 
and an inner maiginal zone, devoid of nuclei. At izmm. the ceils of the nuclear zone 
invade the niai^nal zone, and at 17 mm. the nen-ous stratum of the retina coniists of 
inner and outer neumblastic layers. The inner neumblastie layer jtivea origin to the 
Ecaneliatt ceUs, the amacrine cells and the nuclei of the sujtentacular fibres ; the outer 
neuroblastie layer gives origin to the horizonnl cells and the nuclei of the rod- and 
eoiwbipolar cell*, which fiisi appear in the centra] part of the retina. By the eightli 
month all the layers of the retina can be identified. , . „ 

The deepest part of the fortal fissure is at ilie centre of the floor of the optic cup. 
In this situation, which later is the site of the optic disc, the inner (neural) cell layer 
of the cup is continuous with the corresponding invaginated Cell layer of the optic 
stalk and, as a result, the developing nerve fibres of the ganglionwIU can pj^ directly 
into the wall of the stalk to convert It into the optic nerve. The fibres of the optio 
nerv'c begin to acquire their mcdullaty sheaths shortly before birth, but the ptwesa is 
not coinpteted until the second week after birth,t 'Hie i^tic chiaama is formed by 
the meeting and partial decussation of the fibres of the two upoc ne^es. and it marks 
the junction of the telencephalon with the dicnccphalm in the floor of the third 
vxntricle. Behind the chiasma the fibres arc continued buokwards as the optic tracts 
to the lateral geniculate bodies. 

The lens i» developed from the lens vesicle, which recedes within the margin of 
the cup and becomes separated from the overlying ectoderm by mesenchyme. The 
cells forming the posterior wall of the vesicle lengthen andoreconvertedmto the lens- 
fibres which grow into and fill the cavity of the vesicle {figs. 157 and 158). The cells 
forming the anterior wall retain their cellular character, and form the epithelium on 

■ [da C, Mnnh, Tht DftftopmeM itf tifr Human E^rt, l-ondon, 1928, 
f M. F. fiwcoB Keene and E- E. Hewer, Anat,, 66, [931. 
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tbc anterior surface of the fully developed lens * at the equator of the lens the gradual 
tranfiitton of the cells into Icns-libres can be seen. By the second month the lena is 
invested by a vascular mesenchymai caprsulc termed the espsulu f}maijf}S^ the 
ventral part of which^ covering the lens, is named the pupiU&ry m^bmne ; the blfMid- 
vessels supplying the doraal part of this capsule are derived fium the hyaloid artery ; 
those for the ventral part from the anterior ciliary arteries. By the sixth month all 
the vessels of the capsule arc atrophied except The hyaloid artcryp which becomes 
occluded during the eighth month of intrauterine life. Prior to thiSp during the 
fourth monthp the hyaloid artery gives olf retinal branches^ and proximal 
persists in the adult as the central aricry of the retina. The hyaloid canalp which 
gives passage to the artery through the vitreous, persists after the vessel has become 


PiCr 157.—A seetinn thntufd^ ihe rye of a nbbit clnhryo, about ri^ViTccn dayi 
old. K JO. (KoUiker.) 
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occluded. In the ncwly-bom child it extends more or less hori^ntaUy from the 
optic disc to the posterior aspect of the lens but, vi-hen the adult eye is examined with 
the sUt-lampp it can be seen to follow^ a wavy, curi'ed course^ sagging downwards as 
it pa^es forwards to the lens,* With the loss of its blood-vessels the capsula 
vasculosa Icntis disappears^ bat somettmea the pupillary membrane persists at birth, 
giving rise to the condition termed airesU 0/ Uie ptipiL 

The vitreous body la developed betw'ccn the lens and the optic cup. The lens 
rudiment and the optic vesicle arc at first in cemt^ct with each other, but after the 
closure of the lens vesicle and the formmtion of the optic cup the former is withdrewn 
from the retina] layer of the cup ; the iwo, however, remain connected by a nerwork 
of delicate protoplasmic processes . This network, derived partly from the cells of the 
lens and partly from those of the retina! layer of the cup, constltules die primitive 
vitreous body. At hrat theMr protopJostnic procesges spring ftom the whole of the 
retinal layer of the cup, but later are limited to the ciliary regbn, where by a 
process of condensation they appear to form the zonula ciliaris. The mesenchyme 
whidi enters the cup through the chorioidal fissure and around the equator of the lens: 
becomes intimatciy united with this reticular tissue^ and contributes to the formation 
of the vitreous body* which is therefore derived partly from ihc ectoderm and partly 
from the mesoderm. 


• Ida C, Mann, J. 63, iqay. 
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The aqueoLis cluinibcr of tbt tyc 3ppH;?ini ns n deft in thai pjirt af nHiicnchyme 
which intervenes between the lens and the ccttHlcrm. 'Fhe Initr of mesenchyme 
venttid to the forms the substantia propriu of the cornea^ that dorsal to the defi 
the niesenchyinal stronia of the Iris mid the pupillary membrane. When the pupillary 
mcmbninc disappears the anterior and posterior chamhera of the eye communicate 
with each other. 

The scicm and chorioid are derived from the nn^nchymc surrounding the optic 
cup, and the anterior part of the chorio id is modified to form the ciliary body and 
ciliary processes, 'fhe fibres of the ciHaris miisdc are derived from the mesoderm, 
but those of the sphincter and dilatator pupilk: arc of ectodermal onj^n, being 
developed from the cells of the pupillary' part of the optic cup. 

Fig. 1 58.—A lection through the dcvcToping eye of a human cnibr>'o+1 ntm. 
long. fCr. L. Streeter, Vtfulf. Embfyaf.^ Carney. Iii9tn., 33, JO48.) Coin^ 
pare with Fig. 156. 
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The eyelids are formed as small cutaneous folds (fig, t^y). About the middle of 
the third month their edges eoitie together and unite over the cornea ■ they remain 
united until about the end of the sixth month. 

The epithelium of the alveoli and ducts of the lacrimal gland arise as a ;^ries of 
tubular buds from the ectoderm of the superior conjunctival fornix ; these buds are 
arranged in two groupSt one forming the gland ptoper,^ and the other its palpebral 
process. The lacrimal sac and nasolacrimal duct are derived from a thickening of 
the ectoderm in the naso^lit furrow between the lateral nasal and maxillary pro¬ 
cesses (p+ 111)^ This thickening forms a solid cord of cells which sinks into the 
mesenchyme ; during the third month the centra! cells of the cord break denvo, and 
a lumen is acquired. In this way the nasolacrimal duct is established. The hcriiiml 
canaliculi arise as buds from the upper part of the cord of cells and secondarily 
establish openings fpumrta lacrimalia) on the margins of the lids; the inferior 
canaliculus Cuts off B srmill part of the lowTr eyelid to form the carunajla lacrimalis 
(Ask), The epithelium of the cornea and conjunctiva is of ectodermai origin, as are 
also the eyelashes and the lining cells of the tarsal and other glands which open on 
the margins of the eyelids. 
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The ears-—The nidimcnta of the internal cars apptsar shortly afto those of 
eyeSp fls two patches of thickened, surface epithcUum, termed the mdUary 
which ate altuated ijt the region of the hind-hrain. These patches^ though sur- 


Fic. 159.'—A scetioji Ihrdugh the 
timd-brniii and auditor>- piti of a 
humvn embr^'O, about nicnty-fnuf 
days old. (Kollnuinn.) 

CarU^ a/ kind^hmin 
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Fro^ 160.—A flcctfon ihfougb the 
hmd-bm'n and auditory 
of an embryo nrwre advanced 
iban that of fig. 159r (Afler 
Ht*,) 


Cavitj/ of 



rouaded by #ltin ectoderm. Arc probably ncujfcetode^l m character. Each audi¬ 
tory placode is invTigitiatod and converted inXioxntuditOTypit (fig. IS 9 )' The tnouth 
of the pit ts then closed, and a vesicle, termed the auditory (o/ie) tfritfft or oto^it ,» 
formed (fig, 160): from it the epithelial lining of the membranous labyrinth is 
derived. The vesicle b piriform in shape and is the forerunner of the mem¬ 
branous labyrinth. A vertical infolding of its wall prog resaivciy marks off a tubular 


Fid. 161.—'"J'hc left audi¬ 
tory viaiclc of B human 
efnbry'o, about 6 mui. 
long, Ijfcrtl wpect. 
(W. Hjb, jun.) 
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Fin+ i6j.—T he Jcfi auditory vniclc of a 
human embryo, about mm. ionR. 
Lai^ral aspect. [W, Hk, jun.) 
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diverticulum un the medial side (fig. i6i)- This diverticulum diHcreutiatc^ into the 
ductus and saccu^ eudolymphaticuflt it (>oniniunLcat){s with the rcmainEler of the 
vesiebs which in termed the utriculosaccular chamber and Lb placed lattually. From 
the dorsal part of this chamber three compressed diverticula appear as disc-likc 
evaginations ; the central parts of the W'alls of the discos coalesce Ind disappear^ W'hile 
the pcnpheral portions of the discs persist lo form the scintcircular ducts; the 
superior duct is the first, and the lateral the last, to be completed (fig. 163)* From 
the ventral part of the utriculo-saccular chamber rises a medially directed evaginadon 
which becomes coiled and forms the cochlear duct^ the proximal esetremity of which 
is subsequently constricted to form the ductus reunions- The ceutfi! port of the 
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chamber now represents the membranous vestibule and is subdivided Into a smaller 
ventral part, the saccule, and a larger dorsal part, the utride, rminly by a horizontal 
infolding, which extends deeply, from die lateral walh towards the opening of the 
ductus endolymphaticus leaving only a; narrow communicatinn, the utriculosaccular 
duct, betw^een the subdivisions (fig. 163). This duct becomes acutely bent on itself. 
During this period the membranous labyrinth undergoes a rotatian so thai the tong 
axis, originally vertical, becomes more or less horizontal.* 

The mesendi^tiie surtoyndiitg the various parts of the epithelial labyrinth ia con¬ 
verted uitD a cartilaginous ear-capsule, and tlua is finally ossibed to fqrrii the bony 
labyrinth of the internal ear. For n time the eartiloginous car capsule is incomplete, 
and the cochlear, vestibuiart and facial ganglia arc situated in the gap benvi^cn its 
cwnalicular and cochlear parts. iTieae ganglifl are soon coveted by an outgn»wth of 
cartilage and at the ^airie time the facial nerv^e la bridged by a growth of cs^rtilagc from 
the cochlear to the canalicular part of the capsule. In the embryoaie connective tissue 
between the cartilaiiinous capsule and the epithelial wall of the lab)iTinth the peri- 
lympliadc spaces are de veloped. Streeter t slates that tlic rudiment of the p^rlaik 
Hstfrrr or vcsti bulaj peri Emphatic space can he seen in on trnbrt'o of from 30 to 40 
mm. in length, in the reticulum between the saccule and the fenestra vesiibuli. The 
seals tympani is next developed, and begins oppoaite the fenestra coehl™ : the seals 
vc4tibuli is the la$t tn appear. The tw’o scalar ^mduaily extend along eadi side of the 
ductus cochleoris, and when they resch the tip of the ductus an opening which 
represents the belicolrema is developeil between them. The modiolus and the osseou* 
spiral lEiininii of die cochlea are not prefonned in cartilage hut arc ossified directly from 
connective tissue. 

'rhe auditory lube and tympanic cavity are developed from a recess, termed 
the iuboiympamc between the first and third visceral arche$, the floor of 

the recess consisting of the second 
arch and its limiting grooves, by 
the forward grow th of the third arch 
the inner part of the recess is nar¬ 
rowed to form the tuhai region, and 
the inner part of the second arch is 
excluded from this portion of the 
floor. The outer part of the recess 
is subsequently developed into the 
tympanic cavity, and the floor of 
this part forms the lateral wall of 
the tympanic cavin^ up to about the 
level of the chorda tympani nerve. 

From this it will be seen that the 
lateral wall of the tiimpanic cavity 
“ has both first and second arch ele¬ 
ments in it, the share taken by the 
first arch being limited to the part in 
front of the handle of the malleu&+ 

The area of the setonij arch inchidta 
the outer wall behind this, and tnrm 
on to the hack wall to take in the 
tympanohyal region.*' *l"hc tubotympanic recess is placed at first on the infero- 
lateral aspect of the cartilaginous auditory capsule, but as the latter enlarges the 
relations become altered and the t^'inpanic cavity comes to lie antero-latcral to the 
capsule. A Ciirlilagiuous process grows out from the lateral part of the capsule to 
form the tegmen tympimi^ and it eun. es caudally to form the laienil wall of the 
auditory' tube. In this way, subsctiuent to the process of {ossification, the tympanic 
cavity and the proximal pari of the auditory tube become included in the petrous 
part of tlie tcmpoLal bone. During the sixth or seventh month the tympanic 
aitTrum appears as a diirsal expanskm of the tympajiic cavity. 

* This 2KCDUE1T differs in detail fnam thai of Strctftcr and is hmed qn the work of T. H. 
Hast, and B. J. Anson, Thf Ti-mfrorot Bqw and $hf Ear, Iflirv^n^ 1040. 

t Geontc L. Streeter, Amrr.J. .^nnr.^ ai, 1017- 

* J. Emctt and PhyMwKt, 4^1 1014- 


Fio, E6,t,-—The left munihranous Iftbyririth of a 
hujtian emb^o, 30 mm, long. (From a model 
by W. Hii, jun.) 
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The opinion generally held as to the development of the ossicles of the middle tar 
is that the oifWJ and malleus are derived from the dorsal end of the mandibubr 
(Meckel's) cartilage (fig. 12^9), the mcm reprcseniing die quadrate bone of birds and 
reptiles. The si&pcs is developed mainly from the dorsal end of the dhriilage of the 
second or hyoid archp and hrst appears as a ring (annulus atapedia) encircling the 
small stapedial artery (p. 169). 

At first tlie ossicles are embedded in the mesench^TnaJ roof of the tympanic 
cavity^ and their extraneous origin is indicated in the adult by the covering which 
they receive from its mucous lining. 

'l*hc external auditoiy meatus is du%'e1opcd from the dorsal end of the hyo- 
mandibular or first visceral cleft. Close to its upper cxtrcmily this groove extends 
inwards as a funnebshaped tube {pKmary meatus] from which the cartilaginous 
portion and a small part of the roof of the osseous portion of the meatus are dc- 
vclapcd. From the funnel-shaped tube a s^jlid epidermal plug extends inwards along 
the floor of the tubotympanic rcccss ; by the breaking down of die central cells of 
this plug The inner part of the meatus (secondary meatus) is produced^ while the 
deepest cells of the ectodermal plug fomt the epidermal stratum of the tympanic 

membrane. The fibrous stratum of 
the tj'TO panic membrane ia formed 
from the mescnchyToe which extends 
between the mcatal plate and the 
entoderm of the floor of the tubo- 
tympanic recess. 

The development of the auricle 
is preceded hy the appearance of 
six tubercles which farm round the 
margins of tlsc dorsal portion of the 
hyomandibular cleft. Qf the six, 
three arc situated On the caudal edge 
of the mandibukr arch and tlirtc on 
the adjoining cephalic edge of the 
hyoid arch (fig, 164), These tube rdes 
appear at 4 mm. stagc» but they 
tentl to become obscutvrl as develop* 
ment proceeds and of those on the 
rnandtbuLar arch only ihe most ven¬ 
tral, which subsequently forms the 
tragtas, can be identified throughout (fig. isjJ, The remainder of the auricle 
owes its development w proliferation of the mesenchyme of the hyoid arch,* which 
extends forwards rtmnd the dorsal end of the remains of the hyomandibular ekfi, 
forming a kcel-likc clevstjon—the forerunner of the helix. The contribution made 
by the mandibular arch to the auricle is greatest at the end of the second month 
but, as growth continues, it becomes relaiivoly reduced so that eventually the 
area of skin supplied by the mandibular nerve extends very' little above the tragus 
(fig+ 940), 'l*he lobule is the last part of the auricle to develop. 

The rudiment of the eighth nerve appears in the fourth week as the audirvnr 
^angtioiit which lies between the auditory' vesicle and the wall of the hind-brain. At 
first it is fused with the ganglion of the facial nerve (acousticofacial ganglion) but 
later the two separate. I'he cells of the ganglion are mainly derived from those of 
the neural crest, hut probably some come from the neurectoderm of the audjtorv 
vesicle. The auditory' ganglion divides into a vestibular and a cochlear partp each 
associated with the corTtspondsfig division of the eighth nerve. The cells of these 
^nglia retain their bipolar shape throughout Itfc, each sending a proximal fibre 
into the brainp and a peripheral fibre to the intemaJ ear. 


Fie. An catly ttaac the dcvcloprecnT 

of the Aurkle. iCi. L, StreelerO 
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THE DEVELOPMENT OF THE VASCUI.AR SYSTEM 

The blood-corposclcs and ihc blood-vcsscb ure derived from angiMaslie tiitue 
which di€crciitiatc3 from the mesoderm in three regions, viz. ; (a) nn the surface 

T ^ Sjreeler, Conrr. Embryol.. Camtif, Jiwiji.. „„ ; F. WowJ-Jonea snd Wen 

I-Chuduit 7 * /InaJ., Lond. 69, 1934. 
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of the yolk-eae^ (6) in the body-stalk, and (c) in the chorion.* On the surfBcu of die 
yolk-sac and in the body-stalk emalL more or less sphericali groups of cells are found 
early in the third vveekr They are termed btoad-isiandj (hga. t65 and 166). The 
stages of the transformation of blwd-islands into blood-containing i have not 


FiOr 1^5,—A pari of H uctiari through the wall of the yalk-snc df an carEy 
humart emhoo to show an early sage in. the d^ereniiatidti of anfpo- 
blaarie (Hmnjllon, Boyd and Mcjssman's Human Embryolo^^ 

Reproduced by permisflion of the Euthor^ and puhliihers-) 
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yet been demonstrated in detail, but it is generally believed that the peripheral cells 
of the inlands Iwome flattened and form the vascular endothelium, ^vhilc the centnil 
cells become converted into blond-corpusclcs (lig. 166), Later these small blood- 
containing spaces become continuous with one another to form a nerwfirk of small 
vessels. In the chorionic end of the body-stalk and in the mesenchyme lining the 
chorion typical blood-islands are mt founds but the cells of the mesenchyme give 
rise to stilid strands of angioblast. Each strand contains two or three rod-shaped 


Fid. j66, — A part of e bcCCidO through the will of iho ydlk-SflO of tn cExly 
humEn embrvo, to thow e deveSopinR' blood-vessel including e blood* 
bland. (HsmiltcrT, Boyd and MosimonV Embiyetosy, 1045. 

Reproduced by permission of the nuihofs nntl publisheri.} 


yoJi^e ciitcdtFm 



nuclei arranged in a single mw and semn comes to contain a space occupied by one or 
more nucleated ha;mt>giobin-coloured cells. I'hese spaces run together to form 
blood-vessels, which are therefore lined by derivatives of the mesenchyme : the 
precise sou rcc of t hei r contained hltMid-cells is uncertain. 'Fhe earliest blood-ves&eb, 
therefore, are formed at several separate centxts j from the walla of these vesficla 
buds grow out, become vasculariscd and converted into new vessels, and join with 
those of neighbouring areas to form a close meshw'ork. The heart and the blocHl- 
vesacts of the embryo ariae from angioblastk tissue diffe remitted frtm the inim- 
embryonic mesoderm. Prior to the estsbiishmcnl of the circulation (p, 15^)1 

* J. L- Brentcr, Amtf. /?«., 8, 1914 ; Donild McIntyre, Trp(. Roy. Sac. Edin., 5^11 ; 

A,T* HcTtiR, Comr.Embryo!., Camen- fnam., as, 193s ; William Bloom and G, W, ^rthel- 
me 3 £, Am. *7* i94*- 
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vcs^ls develop Iff but diereafter tfiey iill take origin as outgrowths from 
pre-existing vessels. 

The development of the blood corpuselcs has already been described (pp. 51, 

5 ^). 


THIL DEVl£LOPMliN*r OF THE HEART* 

I’he human heart, like the hearts of all venebraieSp is formed by the fusion of 
two symmetricaily developing tubes {p, 36 )^ but the fusion is gradual, commencing 
at the bulbar^ or arterial, end and extending to the venous end. 


Fig. 167.— htediiti sectkiti throui^h the ccptiHlie end of BJi ^rly humin embryo 
TO ahow the paaihEin oJ the pcrieiLniiiiiTi before the fQrrnauon of the heitd^fald. 
A few Ecattered onRioblBstfl are seen bctH-cen itic csrdiogftiic plalc and the 
\olk-Mc : they -wili ulrlinaticly form the endothelial hcait tubes. (After Earl 
L, Davia,> 
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The pericardial cavity^ can he identified before ihc head-fold is formed or while 
it is in process of formation, at a stage when the embryo possesses only two somites. 
The heart is then represented only by groups of angioblssts which he between the 
pericardium and the cntodcmi of the yolk-sac (fig* *^7). At this stage the vefitml 
(or yolk-sac) w all of the pericardium, leAicA u itrsttned /sriw both Me rpkarJibm and 
rnyoairdftim, is thicker than the dorsal wall and is cermed the myo-eptcardiaJ 
mantu. VS’hen the bead-fold is formed, the manttc becomes the dorsal waJl of the 
pericardium and lies ventral lo the fore-gut. While this reversal of the pericardium 
is taking place (figs. 16S and 169), the cardiogenic angioblastic tissue gives rise 
to two patamedian endothelial tubes which rapidly fuse ed form a tubular 
heart. Except at its venous end the tubular endothelial heart h separated from 
the myo-<pkardiai mantle by an interval occupied by a formless jelly-Ukc sub¬ 
stance (fig^ 170)^ 

The dorsal aortai arise in d(u as paired endothelial vessels^ They extend caudaLIv 
into the body-stalk„ where they establish continuity with the umbilical arteries^ which 
precede them in time of appearance. At their cephalic ends the dorsal aortar curve 
vcntrully round the sides of the fore-gut to reacli the pericardium to become 
continuous with the cephabe end of the endothcUal heart tulie^ thus forming the 
first pair of aortic archer f {fig. 171)- 

A transverse groove appears on the surface of the heart tube about its middle 
and indicates the junction of the bulbuz eordis with the ventnek. Tlie bulbus is 
situated cranial to the groove and is continuous with the first pair of aortic arches. 
Tl^e ventricle shows a second groove at its caudal end where it opens into a f:ommon 
atrinm^ which lies at first in the floor of the pericardium (septum transversum) and 


A, G\T^^Pra€.Zoot.SKrLf}itdatt, 1930 and 1933 ; Carl L, Conlr. 

Cameg. Iilfcm.p 19, 19 ^ 7 1 13 - \Vi.ter¥ion, Tritm.Roy.Soc.fitinhwrjgh, ^1918^ and J.T4mElkr' 

KeibfS and MnU'i Mamnl af Embryai^y, 1911. ^ 

t In lower vtrtcbriatn the bean and ioitjc arc laid cbwxk before the fentiadcn of tbc head- 
fold iJvJ the BTtcriei cammunscalc ivilh the caudd end of the heart. VVhtin the head-foEd 
rorms, the eridi of the heart are reversed and the ccphalje enda of the dorsal aortJE are curved 
forvrgrdi round the tidw of the fore-f!Ut to form the firet aumc arches. 
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13 dtEposcd txaiiEvcrrscLy (fig. 174, ^). On each side the common atrium is joined 
caudaLly by a short venous trun^, formed by the union of the corresponding umhilicaL 
vein with veins issuing from the sitellinc (yolk-sac) plexus. These trunks represent 
the right and left horns of the sinus fenomr so that the common atrium may justifiably 
be termed a common sinu-alrial chamber. 

Early in the fourth wTck the heart tube undergoes a striking change. Hitherto 
the pericardium has been increasing in length proportionately with the hearty 
but now' the heart tube begins to grow' more rapidly than the pericardium and* 
as a result, the bulbo-%'entricular tube bulges vcntrally and caudallyp forming a 
U-shaped loop of w^hich the bulb forms the right limb and the ventricle the left. On 
account of this loop—^which is a canapicuous feature throughout the fourth and 
fifth weeks—a deep bulbo-tvntricaiar notch is apparent on the outside of the heart 

FlOr section tiinau^h the cEphaiic end of d youfig human embo'o, 

shoivEn^ th^ head-fold in process of fomuiEion and iu effect on the position of 
The pcncardium. Compare with fijfs. ifiy and 169. {After Carl L. DavisA 
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(fig. 171) and a corresponding ifiiU}f)-vcntriaitar ridgf projects into the interiofK The 
dorsikeerat recesses of the pcricardiy in deepen and approach one another (fig. 170) 
and fuse, completing the myo-cpicardial covering of the heart and converdiig its 
hit hcrlo broad dorsal attachment in to a dorsal inesenicr\\ This dorsal meaocard iu m 
is very transient and when it breaks down early in tbe fourth week a passage is 
established across the pericardial cavity from side to side darsal to the heart. '‘I’his 
passage persists as the irojtsvcrse sittm of ihc pericardiam. While these changes arc 
occurring in the bulbo-vcntricubr part of the hcartj the atrial part is not unafTected, 
for the airio-vcntricular opening moves headwards and to the left and both parts of 
the common atrial or &inu-atrial chamber grow headwards into the pericardial 
cavity and occupy its dorsal portion- Owing to these changes (fig. 174, . 5 ) the atrio¬ 
ventricular canal for a time connects the left atrium to the ventricle and venous 
blood from the right side has to pass through both atria. 

At this stage (fig, iSi)i which is reached about the middle of the fourth week of 
development, the buibns cordis cfimniunitates with the dorsal aorta? through the 
first pair of aortic arches and these, in turn, are connected with the capillary plexus 
associated with the developing cerebral vesicles* From this pIcTtus the primitive 
head vein passes caudal!y but it ends blindly before it reaches the heart. The inter- 
segmental arteries are beginning to grow out from the dorsal aorta on each side but 
they have not yet cstabUshed connexions with the corresponding veins, and the 
posterior cardinal veins, which later drain the body-wall caudal co the hsirt, are 
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only ifi process of do^elopinent* The lunbilical artcrica and vcina afc ptesent 
early m the fourth week, their terminals and mdidcs, respcctivelv, link tip with the 
capillaries which have developed in the chorionic fillip cstabltshin^ the choriomc 


Fidr Median stetkin thrauBh the cephi-lic end of a younir hiunnn embryo, 

dftw qompletioll of the bend-fold nnd ffvcr^l of the pericardium. CompAra 
With fta*- 1^7 “id i6i^. (After CarJ L. DavisJ 
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part of the ditiiilatiom Despite the fact that the channels for the remainder of the 
^cuUtion are only partially established there is good ground for assuming, on the 
unalogy of observations made on the living chick embryo, that the heart begins to 


FiOr 170 .—A horiaontfl] section thiou^ the pericardium and developing heart of the 
embiya shown in fig. (After Clflrl L. Dnm ) The ■utoWa indJcetc the 

dtreetkins in which tfie doi^itaternl of the pcricardiiiin deepen 90 is to 

define the trMjtsicnt dnnal mefocardium. 
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beat about this time- Under the oonditians which exist the result can only be of an 
* ebb and flow " nature, but this serves to effect some movement ia the fluid which 






THE DEVELOPMENT OF THE HEART ijy 

fiH^ the peneardial casity^ the cDelamic ducts and the exocu;k>tn (p. Si) and on 
which the embn'o still depends for a considerable part of its nounshtnent. 

Towards the end of the fourth week the connexion between the bnlbus cordis 
and the iirat jJair of aortic arches lengthens to form the ^nr^clu arteriosus, and the 
cranial end of this vessel becomes connected to the dorsal aorta! by the remaining 
(five) pairs of aordc arches. By this time the venous drainage of the body-wall and 
neural tube has been established. On each side an anterior eardinoi vein^ from the 


FlO, l7i.^The htiiit ofaa-g^ mm. nbbix Viewed from the ventrtl 

tide. (Drawn from ii made^l by G, Bnm.) 
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headward end of the embryo, unites with a posterior cardiaai vein from the tail end, 
to form the duct of Cmdir, and this vx:sscl opens close to the umbilical and vitelline 
veins into the domi-caudfll part of the common sinu-atrial chamber (fig. 174, €). 

As the chorionic circulation has already been established, the embryo is now in 
a posttiun to derive nouriehment from the matcmal blood in the interviHous space- 
'Hiis important ebange is not effected suddenly, for at first the blood-cdls In the 
heart and vessels of the embryo arc not numerous enough to enable it to take Mi 
advantage of this new source of nounshmcnt and it would appear that* until a 


Fie. The heirt of ft r7 ram. imbbit mibrye. Viewed from the ventral 

«dc. (Dfftwn from ft model by G. Bom.) 



sufficient number of blood-cells is available, the embryo continues to draw upon 
the ccebmic fluid. 

The separation of the sinus venosui from the atrtum completes the definilion of 
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the primitive chambera of the heart. A crescentic groove appears on the left wall 
of the sinu-atrLal chamber and rapidly deepens towaiSs the right so that the left horn 
of the sinus venosus loses its oonnexion with the left stnurn and becomes linked to 
the right horn by a part separated off from the caudal aspect of the sinn-VitTiaL chamber 
which can be regarded as the body of the sinus venosus. At the same time the right 
horn bcconnes more clearly dcmarcaicd from the right atrium and its coiinexion 
with the atrium—which Is widely open tn fig. 175—becomes relatively smaller. The 
right and left parts of the atrium grow headwards so as to occupy the dorsal part of 
the pericardial cavity and later they bulge forwards at the sides of the bulb (fig. 175), 

The embryo has now attained a length of nearly 4 mm. (fig. 182). It possesses 
zS somites and has almost completed ihe fourth week of devclopniciit. From this 
stage onwards it is more convenient to deal with the history' of the individual 
chambers than with the development of the heart as a whole. 

The sinus venosus^—The right horn of the sinus venoaus increases rapidly in 
size at the expense of the left hom, owing to the changes already outlined and to 


Fic. 173- — 'Ihe heart eIidwh in Br. 172^ viicwed from the right *ide Btnd tlightly 
from the vmti^l ^ncct- The right wiill of ihc oommorLsinu^attidl chxmhrr ha 4 
bren removed to #nOw the interior- (Dnwn fmin e ntodcL by G. Bom.} 
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those brought about in the originally symmetrical arrangement of the umbiUcal 
and vitelline veins by the development of the liver (p. (75), As a result of these 
changes the vitclIoumbdicaJ blood-flow entets the right hom through a wide but 
short vesseh termed the bepath commums^^ which is destined to form the cephalic 
end of the inferior vena cava. In addition to this vein the right hom receives die 
right duct of Cuvier (frotti the body-wall of the right side) and the body of the sinua^ 
which conveys the blood from the left hom and the left duct of Cuvier^ I.Jitcrj 
when transverse conneadons are established betw^een the Cirdinal veins of the two 
tides (hg. 191K = blood from the body-wall of ihe left side reaches the heart 

the veins of the right sidc+ The left duct of Cuvier then becomes much reduced in 
size and forms the oblique vein of the left airium and the fold of the left caval vein 
while the left hom and the body persist as the coronary sinus (fig. 190). 

The right hom of the sinus venosus opens into tlic right atrium through its 
dorsal and caudal walls. The orifice, which is elongated and often slit-like, is 
guarded by two muscular folder which are termed the rigM and lefi venous vtiha 
(fig. 175). 'rhesc two valves meet at the cephalic end of the orifice and become 
continuous with a fold which projects into the atrium fmm its roof and is termed 
the sepiam ipurium. .At the caudal end of the orifice the two vulvea meet and 
fuse w'ith the dorsal endocardial cuahion of the atrial canal. The cephalic part 
of the right venous valve disappears, but its posidon b indicated tn the adult 
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heart by the crista terminali^ of the right □trium ; its caudal part forms the valve of 
the coronary sinus and mosi of the vaJvc of the inferior veofl cava. The medial (or 
left) end of the valve of the inferior vena ca%'a is formed by a small fold Avhich pro- 


Fidn 174 -—series of diai^mfiiE tq iitosrr*re early in the devdopment of the 

heart. (Skghtly modifird from G. L, StTeelrr, Cenfi-. Cimeff. Iqatn.* i wK.li 
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B. (13 KMlitn.} BujJbOnVctiuiculir Sppp, ihmTl i* doticd «itln^ hu fivTbEd. Ihe BtrH Jwvf 
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idi 4 Mium mtHy. 

< MkMIe *f 4ih mxk. 3P IMHIiIh*,) Bylbo-vEntpiEiiW Inpp pat Uvd'wu, VdEP, of bpdy,-wi,li 

drsio intu Lf i mji nq viiEiJo^Liiiibt]iciI ijiadt rhfeuf It ituec af Cuvier. A lule^u ^tbentm hy ihr imiJI 
EiTowJ » heirioniprf t? p*rtoF llie£™iiii™*t™l E3vit>'tD forpi Uie iimUa \iefWMUi. 
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jects from the doriiial wall of the sinus venosus and is termed the yinm Sfrfttum. In 
the cmbr>'0 the sinujs septum intervenes bettfceii the orifice of the vena hepatis 
communis and the opening of the body of the siima. 

'I'he left venous valve blends with the right side of the atrial septum and usually 
no trace of it can be seen in the adult heart. 

.^5 the venous ^^ves undergo these changes the right horn of the sinus venosus 









i6o EMBRYOLOGY 

becomes incorporated in the right atrium and forma its dorsal wall, medial to the 
crista terminalia. This part of the adult atrium is often termed the sinus renarum^ 
The atria.—As already stated, the Gommoii atrium is derived from the cranial 
part of the sinu-atria! clmmher. It receives the opening of the smu* venosus in its 
dorsicaudal part to the right of the median plane, while its ventral part communicates 
with the vcmrick through the atria! canal, which resumes its position in the median 
pl ane of the heart by the middle of the fifth week and then permits both right and left 
atria to communicate with the common veniricuiar cavity (fig. 174, F). Swellings 
appear in the ventral and dorsal walls of the atrial canal in the interval be ween 
the endothelial tube and the myo-epieardial mantle. They are termed the atrio- 
ven/riaiiar emlocifrdiiii cushiaus and consist of a simple mesenchyme ivhich stains 
darkly with bieinatoxyUn. They encroach on the canal and eventually fuse with 


FiC. o 5 L—Tnufjivfrw section of a hiuimn 6 mm, long, Obwevc how 

th& Dtna buJgt forwards on either side of tbe hulbus cordis. The septum 
primufn hu broken down in its dorsoJ portion and ibc tW'o atriii com- 
munkatE throogh ihr ositum secunduin or foramen ovale. 





pri mu FJi 


HtJJtf m cardiit 


duri 


siuiu 


Hi^hi a nd 

raffvf 


each Dtherp leaving a relatively small oriBce on e^ch side. The fused cushions con¬ 
stitute the septum tutenm^dium (of His), and the two small oriHces become the right 
and left atrioventricular openings. 

The internal separation of the two atria is effected by the gnow^th of two septa^ 
The first to appear is termed the septum primum, and it grow^ from ihe dorsal and 
cephalic wall as a siclde-shapcd fold (fig. 176, j'l), which is separated from the left 
venous valve by an mtcr^'al named the intersepto-valvuiar spuee* The ventral horn 
of the sickle reaches the ventral atrio-vcntricukroiahioo, and the dorsal horn reaches 
the dor^l cnahion.* Ventral and caudal to the advancing edge of the septum 
the two atria communiCBte through the ostium primum (fig, tyfi, Free passage 
of blood from the right atrium to the left is essential throughout foetal life, as the 
oxygenated blood from the placenta reaches the heart by the inferior vena cava 
(p* 7^3)* therefore, aa the c^tium primurn bcoomes reduced in si^e, the dorsal 
part of the septum primum breaks down and a new^ communication, termed the 
ostium srcufidum, is formed between the two atria before the end of the fifth 
week. The ostium primum hecomei occluded completely by the fusion of 
the edge of the septum primum with the fused atrio-vcntricular cushtorta, and 

* *rhc tfrrna vEntTol and domiil refer to the poiiiioru of the eiiohiunit afier the juxiiiim hu 
cofne te lie doml to the bulbils eordit, Aciuiiny the vefiiral cushioti U ventrE-ccphnIie and 
the dar»l cwhico dorai-caudal Ln po«itien, but ihe leima %-efitrtil atid doraol m in general use 
and will be retained in ibe aubsequnU detcTiptiGn, 
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it should be noiL^d that ibia Fusioii occurs in the median planc^ The ostium 
secundum enlarges siUfidently to ensure the fret pa^ge of hjEJod from the 
right atrium to the left {fig, 176^ B)y and it pereists throughout uitni-utcrine life 
as ih^ foramen ovale. At first this opening is situated in the cephalic and dorsal 
portion of the septum primum but Jts position becomes modified until it lies in 
its Cephalic and ventral part (fig, 176. C). Towards die end of the second month 
the niuscukr wall of the atrium becomes inflected to form a crescentic septum on 
the right side of the septum primum. This inflection is termed the sepium seeatiJam, 
and it involves more than the whole width of the intersepto-vahmlar space, so that 
the dorsal attachments of the septum primum and the left vcnoiis ^-alve are earned 
into the interior of the atrium (fig* 177) on Its left and tight surfaces respectively. 

'Fhe superior and inferior boms of the septum secundum at first grow' vcntrafly 
but the superior hom groivs much more rapidly than the inferior and fuses first 




ipwiuii 


Fic. 176. — Dia^gruiu rcprcscFiting three tlagn in ihc dcvclopnimi of the aidal 
septum, vi^^wed from the right ^ide. The hean hAii been divided Ju iti long 
ucis to the right n£ iu medi^ plime and onlv the stria and th? adjoin] ng part of 
the Vetitriculv taivity arc depicted^ 
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A, Tbc inEtiAi primum htii mt ret dblitcrtKMJ ilb* oriamil ^oniiminJeiiran thm 

jitTU «nd ihe ■±ric™^fitnctl l*r cyiliionj biVE n&E >rt flUed. B. Ttw 

EHeuUr EiulMftliil ctithiw* hne fiual wiUa tteh (Hhcr mm± wiUs U14 *£p|ijiii pninyip^ whk^ 
liJH down in in dend |Mff. The eftium Mf^unduin. thiit fMnud, tulHcquHidr Rwvti dir 

pOtiCMfi hbown in C. C, TJwieplUtrt WCUMhun tw* Did hida dte ealium lecundiun, tli« 

nurifun of which bfe iiidicaled trli' the ewrc'd, dutl-ed A K'etion fn pliow the i^vr-likE 

dwnwirr ef eIk OiliiHII iccijoilurn. WlWtl- ihe pteamra jn libt ricliA BEtJutn CMcMb lliil hi th* Jeft 
iftnum. bbnd tniKi rtnmdlrfijchf ta theJi^ ikli: cf EtwJwMl, hutwh™ ihr Iwn pewum Bce 
iJie sepuun pornL4m BMii ujim dw ptiiiTkin indfcvieu tiTi’ Inc tkjiT-ftl hieIuic- 


with the septum imermedium and is then continued to form the sinus septum (p, 
159)* Thus the free edge of the septum ^cundnm is at first directed ventrally and 
caudally and later eaudally ; it overlaps the foramen ovale {fig, 176, D) so that the 
septum primum can act m a fiap-like valve. As the bliHid-prcssure is greater in the 
right atrium titan it Is in the left, the blood Hows from right to left, but not in an 
opposite direction. After birth the intra-atrial pressures arc equalised, and the free 
edge of the septum primum is iherefore kept in connet with the left side of the 
septum secundum and fusion occurs. Not infrequently the fusion is incomplete, 
but the opening left is usually small and valvular and has no funetioTial significance. 
At an early stage in the development of the septum primum a single, common 
pulmonary vein, the origin of which h still in doubt, can be idcntilied opening Into 
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the caud^ part of the dor^l ivall of the left fitnum dose to the seplumH This trunk 
is formtrd by the union of a right and a 3 eft pulmonary vtin^ and each of these is 
formed ill turn by two small veins issuing from the developing lun^-bud. Subse¬ 
quently the common trunk and the two veins forming it expand and are incorporated 
in the left atrium to form tlie greater pan of its cavity. This expansion reaches as 
far as the orifices of the four veins, which thus open separately into the left atrium. 
During the second month the two atria bui|^ veniraJly one on each side of the 
bulbus cordis, which lies in a groove on their ventral surface {fig. 175)* These 
projecting parts of the sitria form the auridea of the adult heart, while their dorsal 
parts expand to form the atria proper. 

The ventricles, buLbm cordis and the truncus arteriosuSk^—The process of 
separation of the two ventricles is intimately related to the separation of the aonic 
and pulmonar)' orificers at the distal end of the bulbus and to the subdivision of the 
iruncuis arteriosus (p. 157) into pulmonary and aortic channels, llicsc tw'o pro- 


Fig. 177. — T railsVErsc seetkin through the thonwc of n huiriaii embno, Z1 mnu 
long, ihowiriR the inRexian ^sf the muiculir RtriiJ wall to femi the sen^fn 
secundum. Kate the vacunluticd cundittan of the GesofitmgLiii which is eh&rac 
tcriiitie HI ihh 







cesses ate so closely interdependent that the bistoty of the truncus arteriosus 
will Ite dealt with in this section, although it takes no part in the formation of the 
heart itself, and both will be considered ^fore The scparaiioa of the two ventricles 
is described. 

Four endocardial oishioru^—a ventral, a dorsal, a right and a left—form in the 
distal part of the bulbus, and the right and left cushions fuse to constitute the distal 
hufftar Si^ptum, This septum separates a ventral, or pulmonary, orifice from a dorsal, 
or aortic, orifice, and bterthe cushions l>eccime modified to form the semilunar valves. 

The separation of the pulmonary trunk from the aorta is s more complicated 
process. Two ridgc-likc thickenings project into the interior of the truncus 
arteriosufl. ProximaUy, the ridges are placed on die Lateral walls of the vessel, but 
as they are traced awny from the hearty the right ridge passes obliquely on to the 
ventral wcdl and then on to the left wall, while the left rid^ extends on to the dorsal 
w^II and tiicn on to the right wall {fig- 179)^ The lidgcs are therefore spiral and their 
fusion forms the ipiral aompiitmanary septum . At its proximal end this septum 
meets and fuses with the distal bulbar septum^ and on account of its spiral character 
the pulmouarv' trunks which lies ventral to the aorta at its orifice, curves round to its 
left side as it ascends, and finally lies dorsal to it (fig. 179), At its distal end the 
oortoputmonaiy septum meets the dorsal wall of the aortic sac (riV p. 16S) headwards 
of the point where it k Joined by the sixth pair of aortic arches, and as a result these 
arches become branches of the pulmonare trunks while the other aortic arches are 
left in communication with the aorta (fig. 179). 

The separation of the two ventricles from each other has to be effected in such 3 
way as to leave the right ventricle in communication both with the right atrium and 
with the pulmonaiy artery, and the left ventricle in communication both with the 
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left atriutn jmd the AcrtA. On account df the complicated character of the changes 
which ate ntcc^aiy three distinct factors contribute to the fbimatiDn af the adult 
ventriciihLr septunip vise,:—(a) the vMricuiar s^tum^ (b) the proximal bulbtir septum^ 
and (c) the atfi&ViatriOiiar endoc^irdml cuskiom* 

Fia« J7S.~A diagnim the rotations at on early fttaRc bctwfcn the atrio- 

TcntTicuiar opcnini; and vmmcleip ihc coviiy of the buihut cordis, and ihic 
hulhevefitricular ridge* The endocardia] ciuhiom at the disuil etid of the buTh 
are ahown in a more difTcrentiaicd state ihan dwy reslty exhibil ac thia aia^. 

(L Ernest Ffaacr,) 



dfrti»¥a^n'eo/or vnfiat 


(fl) During the fifth week the right and left vcntridcs are indicated as slight 
projections on the surracc of the common ventricle. It is uncertain whether the 
right ventricle is to be regarded as a derivative of the primitive ventricle (Frazer) qt 
of the caudal end of the primitive bulbus (Btrcctcr). In either event the appM^orance 

Ftc- — A dioErmn CO show the made of fqimaidpn of the wptn which sepormto the 
aortic and pulmonary' chm^nth in the rmbr>'onic h™t. The *fd artow indi¬ 
cates the ooitkE; channel und ihv bluf arrow the pulmonary. ’'Fhc imall fr/ocA 
nrtows indicate the direetiona of growth. (Drawn from n pEaBtiefne model 
mode Ky rbe late ProfeaMr James Whfllis.i 
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□f a crcsoeniic ridge in the insJdeof the heart indicates the separation between the 
two ventricles and^ aa the heart enlarges, this ridge deepens to form the v^trioitaT 
septum. *rhe dorsal and ventral horns of the septutn meet and fuse with the corres¬ 
ponding endocardial cushions of the atrial canal near fhm right exfremiUts (fi^. 178)* 

Fm. tSo.’^A diiymifi to the part pluycdl by the fusion of the right and kft 

bulbar ridgcB in the ibeparaLicKn qf tins aortic 5 nd pulmonary chatincli. I'hc 
darlcly ahaded um indiatca the gap filhil b>' tbc prdlircratiqn of cLtsluon 
tiuue (from the riitht extremity of the fused KCTiDVcntriculHr ciubkiTu') whith 
esubliAhea couTuiuity between the proxiiiiH] bulbar soptvm and the ventricular 
Ecptum. Cornpjre ilh bg. ij^k 
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ITie sqitum has a free sickk-shaped margin, which bounds the circular interven¬ 
tricular foramen (fig. 179). 

At first the bulbo-vcntricuiar junction is marked by a distinct notch on the out¬ 
side of the heart (fig. 178), and on the inside of the heart there is a corresponding 


Fjq, iHi. —The bl<Khd>va:Kular Eyatetn or « human embryo wiib 14 paired aomitea. 
Eailitiated a^Ch dsy^. C.R. tengih —2.4 mm. L. Streeter, Contr, 

EmbTyof.^ Camq;. Inatn., 30, 
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bulbo^fentriailirr ridge. This ridge is interposed between the atrioventricular 
orifice and the caud^ part of the bulb (fig. 178} and its absorption is tssenrial for the 
development of the four-chambered heart. As a result^ partly of the absorption of 
tlie buIbn-vcntTreular ridge and partly of the growth of the atrioventricular region, 
the right extremity of the atrial canal comes to lie caudal to the orifice of the buib 
tfig. 17^). This iteration in the lelative positions of the atrucitirca concerned occurs 
while the ventriciilar septum is forming, and paves the way for the completion of the 
process of ventricular partition. 
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(6) Tkc proxinwi baibar s^pium saparatc& the bulbus cordis Lnu> pulmonary and 
aortk channels, and is formed by right and If/t bulbar ridges^ which art in con¬ 
tinuity with the corresponding bulbar endexardial cushions. I’he right bulbar 
ridge gro\^-s across on to the dorsal wall of the bulb and the right extremity of the 
fused atriovcmricular endocardial cushions to reach the dorsal end of the free, 
sickle-shaped edge of the ventricular septum, and in doing so obliterates the venind 
or cephalic part of the right atriovcnirieular orifice (fig. I7y)p The left bulbar ridge 
grows across on to the vcniml wall of the bulb to reach the ventraJ or cephalic end of 
the ventricular septum. Although the two bulbar ridges fiise with each other ansi so 
separate the conus aztciiosus of the right ventricle from the aortic vestibule, the 


Fic. i8j.—P rofik rccortitruciion uf the bl^d-vosculnr system of a human cTnbr^'o+ 
harina iS itmines. C.R. length, 4 mm, R^rlmatcU agi?, a6 days. (G/L, 
5 tr«rert Cartir. Emtryol.t Camtjj. lnBUi,:r 3 Qi 
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caudal edge of the septum so formed b separated from the free sickle^shaped edge 
of the ventricular septum by a gap through w^hich the two ventricles continue to 
communicaic (fig. iSo), This gap is closed by the growth of cushion tissue • from 
the right extremity^ of the fused alnc-ventricufiir cushions, and this fuses, on the one 
hand, with the caudal border of the proximal bulbar septum and on the other with 
the free sickle-shaped margin of the ventricular septum. The dorsal part of the bulb 
becomes absorbed almost entirely, but its position is Indtcated by the dorsal wall of 
the aortic vratibule, which, however, is formed to a larg^ extent by the fused atrio¬ 
ventricular endocardial cushions^ 

(c) At the time of their fusion the atrioventricular endoeatdiai cushions are very 
large relative to the size of the atrioventricular orifices. The atrial septum meets 
the atrial surface of the cushions at their centre, but the vTntricular septum meets 
them near their right extretnity. It follows that a portion of the fused cushions 

• P. N. B. Odgers, _7. .^rurf.. Land, yi, 1938 










i66 EMBRYOLOGY 

intervenes between the righi ;ilniim and the left ventriclCp and it t& this portion 
which forms the right wall of the mnk vestihufe {^triovmiricuiar stpmrn, p, 715). 
The membrunr^iiJis part of the ventricylar septum, which is continuous dorsally with 
the irien^b^anous atrioventricular seplurn in the adult heart (fig, 673), is formed hy 
the prtdiferation of cushion tissue from the right extremity of the fused atrio¬ 
ventricular cushionSp described above. The persistence of a communication 
between the two ventricles is due to arrest of development in this region. 

It should be obsen'cd that the upper and dorsal part of the orifice which lies 
above the ventricular septum {hg. 179) becomes Incorporated in the aortic 
vestibule and thereafter serves to connect the left ventricle with the aortic 
channel. 

The titivts 0/ the heart. —The atrioventricular valves develop as endothelial 
projections directed towards the ventricles at the atrioventricular orifices. From the 
first they arc connected with the ventricular musculature at their bases and, as growth 
proceeds and the (laps become enlarged, these muscular trabecula: become freed and 

Fig, 183,—^DiaffFTitii to •how two stag® in ihc rormition of the 
hJuIt vcorrictikir Kpium. 




In 1, ihenglii Kn41«nv¥nlTkk« iMHnRiUEiJCiicwi^hcA^ Eti II ihe^mtfvtmn^itbrcank. 

mutiiuiMfi hii been ckHcd hy the fuiEcn n/ tlu vmtrteijlfef with tl^ cnlvi^ tifibc 

nctTEnitf’ of the fused i. t. cuehiqirii. tbc ppfJr^cqi af ifae ItfitUfll primiun f*1dtiV4 Ea tho 

fyMhd », Vr mdimt*, nnd 4b*firve eIue in 11 euald^ tmh» mEcrvencE brtween iIm iwtj v^rkkt 
tmembmOUi pioJf nf KtlukuUr upliiniL llifl betKecn ihd rjfAif lErium ind tlw VCAUi^e 
fAtriovnUrkutv 

constitute the muscuH paplllares, their extremities being converted into the fibrous 
chorda: tendine^. The aortic and pulmonary values nre formed from the four 
endocardial cushions which appear at the distal end of the bulbus cordis. The 
completion of the distal bulbar septum results in the division of each literal cushion 
into tiiVO parts, so that the number of thickenings is increased to six^ of which three 
arc associated with the pulmonary orifice and three with the aortic. These thicken¬ 
ings form the rudiments of the aortic and pulmonary valves, while the pouches be¬ 
tween the valves and the walls of the vessels gradually enlarge and form the sinuses 
of the aorta. One cusp of the pulmunaiy^ valve lies anteriorly and the other ivi'O 
postcrolaicrally, w^hcrcas one cusp of die aortic valve lies posteriorly and the other 
tw'o antcrfdaterally. A rotation of the heart to the left before birth afiects the orien¬ 
tation of the cufips of the pulmonary^ and aortic valves which is rrfiected in the 
various schemes for the designation of these ousps. The nomenelature employed 
above is retained in the description of the adult vessels (pp. 711-717)- 

The development of the chambers of the heart has now been traced to a stage at 
which the main features of the adult heart can easily be recognised. It is to be 
notea that the plan has developed in such a way as to provide for the sudden estab¬ 
lishment of the pulmonary circulation at births although it is adapted to the per- 
aiatence of the placental drculadon for the remainder of faual life. The presence of 
the ductus venosus ensures that the oxygenated blood piina the right atrium with the 
minimum loss of oxygen to the liver. Rdatively little admixture of oxygenated and 
dcoxygenated blood occurs in the right atrium • and nearly all of the oxygenated 
blood passes through the foramen ovale into the left atrium, so gaining the left 
ventricle and the aorta. Owning to the fact that the transition from the placental to 
the pulmonani' circulation occurs suddenly at birth^ the right veniriclc and the 
pulmonary trunk of the fu:tus are relatively large although only a small amount of 

• A. E. BurcEaVp J. BajrcrafT, K. J. Franklin and D. H* Barron, BnLj. of Radiology, la, 
19S9- 
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blood is abic to pass through tht? lurigB. In actual fact most of the blood expelled by 
the right vcntriclt into the piilinonary trunk passes through the ductus arteriosus 
into tie descending aorta and in order that it may be able to do it must be under 
higher pressure than the blood in the aorta. On this account the muscular ivaU of 
the right ventricle is thicker than the wall of the left ventricle, a condition which 
persists throughout fcftaJ life but is rapidly reversed after birth. Tht- origin of the 
carotid and subclavian arteries from the aorta above the point at which it is joined 
by the ductus arteriosus may be correlated with the need €jf the brain for the best 
available blood-supply and with the size of the upper limbs relative to the lower 
limbs at birth. 

In the early stages of development the arteries of the embryo arc disproportion¬ 
ately large (fig" 20^) and their walls consist of little more than a single layer of endo- 
ihdtum. At this time the cardiac orifices arc relatively large and the force of the 
cardiac contraction is weak. As a result, despite the rapid rate of the heart, the 
circulation is sluggish, but this is compensated for by the fact that the tissues arc 
able to draw nourishment not only from the eapillariiis but also from the large 
arteries. As the heart muscle strengthens, the cardiac orifices become both rela¬ 
tively and absolutely reduced in siv^e^ the large arteries acquire their muscular walls 
and they too undergo a relative reduction in si^e- From this time onwards the 
embryo is dependent for its nourishment on the expanding capiUnry beds and hence¬ 
forth the larger arteries function merely as ehannda to keep them constantly 
supplied. 

Thr cofidtifting system 0/ i/je /wtirL — The atrioventricular node and bundle arc 
identifiable towards the middle of the sixth week of embn^onic life. Some investi¬ 
gators claim that the first part to appear ts the atrioventricular node which develops 
as an outgrowth from the dorsal part of the muscular ring surrounding theatrioven- 
irleular Canal. The atrioventricular bundle es then derived from this by a growth 
distaUy passing l^iehind the dorsal endocardial cushion to the free edge of the 
ventricular septum where it gives rise first to the left and then to the right limbs of the 
bundle.* Others maintain that the stem of the airioventricular bundle appears first 
as a dilfcrentiiiiion from the musculature of the dorsal wall of the atrioventricular 
canal. From this, dilTercntiation spreads proximallv to form the atrioventricular 
node and dtstally to form the right and left limbs of the hundle.f From its earliest 
appearance the whole complex is continuous with tlte muscular tissue of the atrium 
and of tile ventricular wall, and this condition persists to adult life. 

The stnu-atriaJ node is the last part of the conducting system to appear, and its 
site is indicated by an aggregation of nerve cells and fibres on the wall of the superior 
vena cava just above its JunctiDu with the atrium, before the node itself can be recog¬ 
nised in the latter part of the third month, A narrow hand of muscle on the ventri- 
lateral surface of the superior vena cav^ undergoes peculiar changes W'hich eventu¬ 
ally result in the characteristic adult structure (p. 720). Although at first situated 
on the superior vena cava, in late firtal life it becomes incorporated in the atrial tv^l 
at the upper end of the sulcus tcrminalis. Its cephalic edge, however, remams in 
continuity with the muscular coat of the vessefi aithougb elsewhere it is continuous 
with the muscular wall of the atrium. The node does not appear until the right hom 
of the sinus venosus has been incorporated in the right atrium. 

It will be noted that the heart commences to beat (p, 156) prior to the develop¬ 
ment of the conductkig system and that the circulation is eatablishcd before a 
competent vahmlar mechanism has been laid down. Streeter + associates the latter 
fact with, the m compressible but elastic character of the jelly I ike substance which 
occupies the myo-endoeardial inten^aJ (p^ 154). 

A brief summary of the common congenital abnormalities of the heart will be 
found on p^ 726. 

The further development of the arterieSp—Apart from the aortie none of the 
main vessels of the adult arise as single trunks m the embr)u^ At the site of each 
vessel a capillary' network is laid dow'n, and by the enlargement of definite paths in 
this network the larger arteries and veins art formed^ The branches of the main 
arteries are not always simple modifications of the vessels of the capillary network, 
but may arise as nttv oulgrowibs from the enlarged stem. 

• H- F- Shwter, /JrteU, 44, 1729- Wallfl, J. AnHi. Lend., Si, 1747, 

t E. J. Ficy, Brii. lifarl. J., ij* 175 *. A. R. Muir, J. Anal. Lend.^ SB, 1954. 

i G. L. Streeter, Cfmt*'. E»ibo'of., Curiicjr. ImEn., 31, 1945. 
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It has b«cn bcco {p. 154) that snjbMqucot to tht formation of the head-fold each 
pnrnitivc aorta consists of a ventral and a domE part which are continuous throuj^h 
the first aortic arch. The dorsal aortic run caudally^ one on each side of the noto¬ 
chord, but In the fourth week they fuse from about the level of the fourth thoradc 
to that of the fourth lumbar segment to form a single trunk—the descending aorta. 
Although in many animals paired ventral aomc arise from the tnjncus arteriosus 
and eotir^ headwards on the ventral surface of the pharynx, in the human embiyo 
the ventral aorta? are fused and form a dilated vessel, termed the " aortic sac" 
{CongdonJ.* The first aqrtic arches nan through the mandibubr arches, and caudal 
to them five additional pairs are developed within the corresponding visceral arches ; 
80 that, in alJt six pairs of aardc arches are formed (figs. 1S4 and 185)* TTte fifth 
arches arc transient vissela which very' soon disappear. When present they usually 

Fio. 184,“A scheme of the aortrc prehe* itiid their tmr^formBtion^. 

(Aficr Corigdaii.) 
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connect the fourth aortic arch arteries or subjacent aortic sac with the doraal ends 
of the sixth arches. The other arches pass l>elwcen the aortic sac and the dorsal 
uurtx. 

In fishes the aortic arches persist and give off branches to the gills, in which the 
blood is oxygenated. In mammals some of the arteries remain as pernmnent struc¬ 
tures, while others disappear or are obliterated (fig* 184). 

J'Ae me represents fused, paired ventral aorue. As the embryo grow^s and 
the aorto-pulmonary^ septum is formed, part of the caudal end of ihc sac is Incor¬ 
porated in the pulmonary trunk. The cephalic end of the sac becomes drawn nut 
into right and left limbs as the neck lengthens. The right limb becomes the 
brachiocephalic trunk and the left limb forms that pan of the arch of the aorta which 
tics between the origin of the brachiocephalic trunk and the left common carotid 
artery* The remainder of the sac contributes to the formation of the arch of the 
aorta. 

Tilt aortic archer, — The first and second aortic arches disappear while the third 
is forming. Close to its point of origin the hyoid artery gives off the stapedial artery 
^fig. I 

Near m ventral end the third aortic arch gives origin to a vascular sprout which 
• Ei D. Congdon, Vmtr. Cameg. liutn., 14, 
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pajsra headvviirds and farms the external carotid artery. After the appearance of 
this vessei^ the ventral end of the third aartic arch persL^ts as the common curotid 
and Jt3 dorsal end as the proximal end of the internal carotid artery^ The fourth 
aortic arch of tlie right aide forms the proximal part of the right subclavian^ while m 
the corresponding veaycl of the left aide constitutes the arch of the aorta beuveen 
the origin of the left common carotid arten^ and the left subcEavian arterv'. The 
fifth arch dmppears im Ixith sides. I’hc ventral part of the sixth aortic arch 
of the right side pertbls as the prtiximal pan of the right pulmonaty artery but 
its dorsal pan dieappc-ars. The ventral pan of the sixth aortic arch of the left 
side is absorbed into the pulmonary trunk, while its dorsal pan persists as the 
ductus arteriosus; this duct remains pervious during intrauterine life, but is 
obliterated after birth (p. 725) and forms the ligamentum arteriosum of the adult. 
The developing lung-buds arc first supplied by a capillary plexus derived from the 
aortic aac. Latcr^ this plexus becomes connected to the dorsal aorta^ and this 
vascular connexion between the latter and the aortic sac constitutes the sixth aortic 
arch. The continuation of the capillarv^ plexus to die lung-bud thereafter becomes 
transformed into the definitive pulmonary artery. 


Theertittiai rtrlmVi.*—The internal catnlitl artery fntm^ frnrn the dofsal portion 
of the third arch artery, the dorsal oorla cranial to this and a forward continuation 
which difieifentiaTeS^ ut [he time of regre^^iiiun of the fir^t and second aortic arehcfl, freirn 
the trapillnry plexus extending to the walls of the fore- nnd mid-hrain. At its anterior 
extieniity this forwaird continuaTioii frum the di>r^ aorta divides into cnmial and 
caudal division, the former tetminating in the olfactory region of the fore-brain and 
the latter sweeping doruilly to Tcrrninaie on the mid^brain. Ac the mime time bi late nil 
iom^itudinsil channels diFTerentiatc along the ventral surface of the hind-braui from s 
plexua which ii Ted by segmental und IranBilorj' pre-iWgmentnl hrancheH fnim ihc 
dor^l aorta and its forward continuation. These longitudinal channels Inter connect^ 
m front, with the caudal diviEionS of the mti^rnat camtid artery which continues to 
supply the mid-brain and behind with the vertebral arteries through the first cervical 
segmental arteries. The longituduial channels Fuse along the ventrnl surface of the 
tnctcnecph^lon to form the basilar ur/erv, whilst the caudal division of the intemal 
carotid artery becomes the pofiterior enmmunicating artery and the stem of the 
poslmor embra! aritry, the remainder of w'hich la formed from one of the meaenee- 
phidic vessels which Is annexed by the backwardly expanding ccncbml hemisphere, 
"rhe ernnial division of the internal carotid artery gives rise to the anferror choriouial, 
ffliddit cerrbroi and anterior rerehral arimEs and. Its supply to the olfactory regiun 
remains as a small branch of the anterior cerebral artery^ The certbeiiar arferieif of 
which the superior is the first to diFTcrentiate, emerge Fmm the uapiltary plexus on the 
walls of the rhombencephalon. 

''Fhe source of the btmMl supply to the territory of the fifth cranial nerv^e varies at 
different stages in development. Wlien the first and second aortic arch arteries begin 
to regtesa the blood supply to the corresponding flrehefi is derived From a [rans:lent 
vessel termed the renfru/ 0 iaryn^eai artery, which grows into the region from the 
sonic sac. It terminates by dividing into marteiibutur and nioxtUary brartehri. Later a 
vessel, the sfapediai irrfef^' devclo[rs from the dorsal stem of the second arch artery^ and 
passes through the ring of the stapcH to anaammusc wit h the cranial end of the ^'entraJ 
pharyngeal artery and thereby annex its terminal distribution. The fully developed 
stapedial artery passesses three branches, the mandibular^ maxillary' and mpraorbitui^ 
which follow the diviBioiis of the fifth cranki ner^'c (fig. The mnndibukr and 

maxillary^ branches arise by a common stem. When the external carotid artery 
emerges from the base of the third arch it incorponarcs the stem of the ventral pharyn¬ 
geal artety^ and ei.s maxillary' branch communscales wldi the ccniinon trunk oF sirigm 
of the maxillary and mandibular hranches of the stape<lial artety' and annexes rhese 
vessels. The proximal part of the common trunk forms the stem of the middie nicjim- 
gmiartefVr XIore distally the middle meningeal artery is represented by the pmxmial 
part nf ibe supraorbital artery, I’hc msaxillary artery becomes the infraorbitaJ artery 
and die mandibular branch forms ihe inferior alveolar artery. 

When the definitive ophihaiotio artery dilTercniiates ax a branch of the icrriiinaL 
part of the internal carotid ariL-ry\ It conunumentes with the supraorbital branch of 
the stapedial artecy the distill part nf which becomes the iurriiiiiil ariery\ This retairts 
an anasiomotic conneritm with the middle meningeiaJ Artery. The dorsal stem of the 
original second arch arteiy^ remains as a farofiro-tympanic hrunrh of the internal caro¬ 
tid artery. 

■ For detnili tet H, M. Evann in Keibel and MflU's Human Embryology^ 1012^ E, D. 
Congdnrrn, Cameg. Instn., 14, tgai, and D. II. Padj^eti, ibid, 3^5; !<>(£. 
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Tfit dorsal soriit (fig, 184),—On ihc cephalic side qf the third aortic arches the 
dorsal aoitac peraiat and form ihc continuations of the internal carotid arteries. 
Between the third and fourth arches the right dorsal aorta disappears^ but from the 
fourth arch to the point of origin of the seventh intersegmental arter)- it becornes a 
portion of the right subclavian artery (fig, 184), Cauiil to the seventh interseg- 
mental artery the right dorsal aortu disappears as far as the point where the two 
dorsal aqnae fuse to form the descending thoracic aoruu The part of the left dor^l 
aorta between die third and tburfh arches disappears^ while the remainder persists 
to form the descending part of the arch of the aorta^ A oinstriction, termed the 
aoritr hthmus, is sometimes seen in the aorta hetween the final site of origin of the 
left subclavian artery and the attachment of the ductus arteriosus. 

In the adult, the right subclavian artery^ sometimes arises from the arch of the 
aorta distal to the origin of the left subclavian and then passes upwards and to the 
right behind the trachea and oesophagus. This condition may he explained by the 
persistence of the right dorsal aorta and the ohliteration of the fourth aortic arch of 
the right side. 

In birds the fourth aortic arch of the right side forms the arch of the aorta ; in 
reptiles the fourth arches of both sides persist and give rise to the douhlc aortic arch 
of these animals. 


FiO* 185,—DiORnifn to shew the origins of rhe mum cranial ttneriM. (After D, M. 
Padgett, Conir. Bnbryoi-, Cames- Ifuin., 3Jt, 
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The heart originally lies on the ventral surface of the pl^arynsc, immediately 
caudal to the siomodccum (fig. tSp); with the elongation of the neck and the 
development of the lungs it r^edes within the thorax, and, as a consequence, the 
vessels are dmwn out and the original position of the fourth and sixth aortic arches js 
greatly modi Bed, Thus, on the right side the fourth aortic arch recedes to the root 
of rile neck, while on the left side it descends into the thorax. The recurrent laiyn- 
geal nerx'es originally pass to the larynx caudal to the sixth pair of aortic arches, and 
are therefore affected oy the descent of these stnicturea, so that in the adult the left 
ner\’e hooks round the ligamentum artcriosum within the thorax; owing to the 
disappearance of the fifth and the dorsal part of ^he sixth aortic arch on the right 
side, the right recurrent laryngeal hcn'e Kooks round the fourth aortic arch^ ue* 
the commencement of the right subclavian artery. 

At fim the oortar are the only longitudinal vessels present, for the branchy of the 








THE DEVELOPMENT OF THE ARTERIES 


171 

aorbxr all run at right angled tu ihcr long axis of the embr^'O. Later these horir^ntal 
arteries become eonnectec] in certain situations by longitudinal anastomosing 
channels, and portions of these longitudinal vessels persist, forming such arteries as 
the internal thonicic, the inferior epigastric, the gastOJ-epipEoic, etc, E^icli dorsal 
aorta gives off segmentaJ branches to the digestive tube (^v^ntra! splttnehak itrtrrifs) 
and to the Wolffian ridge (kirrai spfuuthuk tiriiries) and branches 

to the body-wall (saiimfk artfrks). 

The v^traf sphnchmciirft^i &origirtallv paired vessels which are distributed 
lo the wall of the yQlt-sac+ but after fusion of the dorsal aortaj they appear as un¬ 
paired trunks and arc distributed to the primitive digestive tube. Longitudinal 
anastomosing channels connect these branches along the dorsal and ventral aspects 
of tlie tube^ forming dorsal and ventral splanchnic anastomoses (fig. l!$2}. 7 'he 
development of these longitudinal vessels obviates the neci:ssity for so many ventral 
splanchnic arteries, and these are reduced io three—the eccliac trunk, superior 
mesenteric and inferior mesenteric arlerit^. As ihe viscera which they supply 
descend into the abdomen, the origins of these vessels wander in a caudal direction ; 
thus the origin of the caliac artery^ is transfcircd from the level of the seventh 
cervical segment to the level of the twelfth thoracic, the superior mesenteric from 
the second thoracic to the first lumbar, and the inferior mesenteric from the Uvelfth 
diorade to tlie third lumbar. The doE^tl splanchnic anastomosis persists in the 
gasiro-epiploic, pancreatico-duodenal, and the primary branches of the colic 
arteriesT ^vhile the venlrol splanchnic anastomosEs forms the right and left gastric 
and the hepatic arteries. 

The tiiierai tptandtnk arteries supply^ on each side^ the mesonephros^ the testis 
(or ovary) and the suprarenal gland ; all these structures develop, in whole or in 
part, from the mesoderm of the mesonephric ridge (p. 206). One testicular [or 
ovarian) artery and three suprarenal arteries persist on each side. The phrenic 
artery arises as 9 branch from the first suprarenal artery, and the renal artery' as 
a branch from the third. Additional renal arteries arc frcqucnlly present and may 
be looked on as branches of pcraistenl lateral splanchnic arteries. 

The somatic arteries arc intcrsegmcnlal in position, and they persist, alniiKSt 
unchanged^ in the thoradc and lumbar regions, as the posterior intcrcosUtl, sub¬ 
costal and lumbar arteries. Each gives off a dorsal branch which passes backw^ards 
in the inieiscgnicntal interval and divides into medial and lateral branches to supply 
the muscles and superficial tissues of the back (fig, i&fi)- In its course this domal 
branch gives off a spinal branch, which enters the vertebral canal and gives off spinal 
branches to theosteo-ligamcntous canaJ and neural branches to the spinal medulla. 
Having given off its dorsal branch the intersegmental artery runs vcntraJly in the 
body-wall, gives off a lateral branch and terminates by supplying both muscular 
and cutaneous branches. 

Numerous longitudinal anastonioses link up the intersegmental arteries and 
iheir branches with one another {%+ 186), A post-eosta! anastommis connects the 
dorsal branches in the interval hetw'een the neck of the rib and the vcrtcbnil trana- 
verse proce^# This vessel peraUtB in the cervical region where it forma ilie greater 
part of the vertebral artery. A post-transverse anastomosis also connects the dorsal 
branches and la itsponsible for the greater part of the deep cerv ical artery* A 
precostal anastomosis connects the intersegmental arteries beyond the origins of their 
dorsal bnmehes, *rhc ascending cervical and the auprefuc intercostal arteries 
represent persistent portions of this vessel. Lastly, near the anterior median hue 
the intersegmental arteries become linked up by a Central somatic anastomosis. 
This vessel persists to a large extent in the adult and is represented by the internal 
ihoracie, the superior epigastric and the inferior epigastric arteries. 

The umbilical arteries at first appear to be the direct continuation of the primitive 
dorsal aortas and they are present in the body-stalk before any vitelline (yolk-sac) 
or v isceral branches can be seen—an indication of the unportance of the chorionic 
as compared with the Vitelline circulation in the human embryo. After the fusion 
of the duTsal aortsc the umbilical artcri^ arise frt>m its ventrilateraJ aspect and pass 
medial to the primary excretory^ duct (Wolffian duct) on their w^ay to the umbilicus. 
Later the proximal part of the um hi heal artery is joined by a vessel w^htch Icavis the 
aorta a: its termination and pa.^cs lateral to the primary^ excretory duct. This new 
vessel, which possibly may represent the fifth lumbar intersegmental artery^ con- 
aritutes the dorsal root of the umbilical artery, the original stem being the ventral 
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rcMi. The dorsal mat olT tht; ojcial arterv of the lower limb* branches to the 
pelvic visceral and, at a more proximal point, tlic external iliac arterj^ l^he ventral 
root disappcitrs entirely* and tlie umbilical arter>' now arisea from that part of its 
dor^l root which lies distal to the external iliac artery* from the internal iliac 
arter\\ 

r/ff artmet of ihe ///wAv.—Although a number of vessels contribute to tlie primi¬ 
tive capillary plexus of tlic upper limb-hud, eventually only one trunk—the sub- 
clavian-“persists, and it has the position and rehUions of the sretfiih 
artery and probably represents its lateral bninch. The rnain trunk to the upper 
limb, which later forms tlic axillary and brachial artcriesT is contiiiued into the fore- 
amt deep lo the flexor premusek mass and terminates in a plcxiform manner in the 
developing hand. This vessel ultimately persists as the anterior interosseous artery 
and the deep palmar arch. A branch from the main trunk pass^ dorsally between 
the developing radius and ulna and constitutes die posterior interosseous artery* 
while a second brunch accompanies the median nerv'e into the hand, where it ends 
in a Eupcdicial capillary plexus. The radial and ulnar arteries are the latest aitenea 
to appear in the forearm ■ at first the radial artery arises at a higher level than the 
ulnar and Crosses in front of the median nen^e, giving branches to the biceps muscle+ 



FttJ, iS6,^ — Duip-nun of the *i;rsmcntii] brtcriei, 
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Later, the radial arteiy^ establishes a connexion with the main trunk at or near the 
site of origin of the ulnar atleiy' and the tipper portion of its onginal stem disappears 
to a large extent {see also p. 779). On reaching the hand the ulnar artery becomes 
linked up with the superficial palmar plexus, from w^hich the superheia! palmar arch 
is derived* while the median artery loses its distal oannexions and beasmes reduced 
to a y^ry small vessel. The radial artery passes to the dorsal surface of the hand but* 
after giving off dorsal digital branches, it perforates the first inturmeUicarpal space 
and links up with the deep palmar urch^ 

The primary arterial trunk (fig. if?7) or * axis * artery^ of the lower Umb ahses 
from the dorsal mot of the umbilical artery, and courses along the dorsal surface of 
the thigh, knee and leg ; below the knee it lies between the tibia and the pophteus 
muscle, and in the leg between the crural intcrosscoua mcmbninc and the tibialis 
posterior muscle. It ends distally in a plantar network, and gives off a perforating 
arterv* which traverses the sinus tarsi and forms a dorsal network. The femori 
artery passes along the ventral surface of the thigh, and opens up a new channel tn 
the lower limb. It arises from a capillary plexus, connected proximally with the 
femoral branches of the external ilioc artery* and distally with the axis ancry. At 
the proximal margin of the poplitcus the axis artery' gives off a pnmirite posterior 
tihial and a primitiveptrotiealbraniih, which run diatally on the dor^ surface af that 
muAcle and on the tibialis ptisicrior to gain the sole of the foot. At the distal border 
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of the popUtcua the axlq artery givea off a per/oraimg ^vliich |>asse 3 vcntrally 

between the tibia and the ffbula and then nins downwards to the dorsum of the fot>t, 
forming the anterior tibial artery and the arteria dorsalis pedie* The primitive 
peroneal artery establishes one communication with the axis artery at the distal 
border of the popliteua and another in its course through the leg. * 


FlO. 1S7.—A diagmni to illu^tnlie the BeneniJ dcVcloiimeol of tfw HjtcnM of thf 
lower limb. ITw letter F ifidscatM the position of the PopUiKUS : T that ef 
the Tibialii pOHterior j and H ihat of the FlcJior hollLU-ns longunH (li- D. 
Senior.) 
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The fcmonil artciy^ gradually increases in aiae, and coincidemdy w ith this increase 
almost the whole of the axis arte^, proximal to its communtcatiQn w jth the fennoraJ, 
disappears ^ the root of the axis artery^ however, persists as the inferior gluteal 
artery and the arteria comitana nci%H ischiadici. 

The proximal parts of the primitive posterior tibial and primitive peroneal 
arteries fuse, but their distal parts remain separate. Ultimately large portions of the 

• H. D. ^nion *^nT. J- Amtr, 1919, and Ana!. Efe., 17, 1920 
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lucis arttry and of the primitive peroneal artery disappear, although a pan of the 
former \TOse 1 is incorporated in the permanent peroneal arteiy. The changes are 
ahowTi in greater detail in fig. tSy. 


Fi<3 , 188.—Thr« in the di: velopmcnt nf the veatis of the Uver. 
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The further development of the veluA.—The principal vcinE of the embryo 
may be divided into two groups, visceral and puictaL 

The viscetnl veins^—These include the nvo Vitelline v^eins brining the blood 
from the yolk-^Ci and the two umbilical veins returning the blood from the placenta \ 
these four veins run through the septum transversum, and open into the sinus 
venosus. 
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Tlic vitelline veins run upwards, at first in front and subsequently one on each 
side of the diireativc tube, A nnnsversc anastomosis connects the two veins kudm 
the ventral surface of the tube, and beyond this they are connected to each other by 
two further anastomotic channels, one on the dorsal and the other on the ventral 
surface of the duodenal portion of the intestine, which is thus encircled by two venous 
rings forming the figure 8 {fig. iSS. . 1 ), I'he ^itiona of the ^ttlline 
tlic septum tratisvciBum become surrounded by t^ tcabeculai of the dm eloping 
liver The liver tinusoith develop as a plexus within the septum transvcrsuni and 
communicate fredv with the vitelline and later the umhiUpl veins, 1 he portions 
of the vitelline veins within the liver cvcntuallv lose iheir identity within the plexus 
of sinusoids. The umbilical veins, running headwards from the umbilicus m the 
somatoplciire, traverse the septum transversuiti on their way to the shim venosus. 
After n time the right umbilical vein entirely disappears, hut the lefl umbilical vein, 
w hich reiains for a period its direct connexion with the lefl horn of the sinus venosus, 
pouts its bltMd into the liver sinusoids and so communicates w'lth the vitcllmc 
circulation (fig, iSS.iJ). In association with the estahhahmeul of the pulmonary 
circulation, venous channels develop which convey the blood from the left side ol 
the liver to the right horn of the sinus venosus. where a large coiiimo/r /lepfitic fiait 
now- opens. The sinusoidal condition of the Hvef b^mes condensed into a stnes 
of alfei^l vessels {wiar and a senes of efferent vessels (wntf 

now leading to the common hepatic vein. In the process an oblique « 

differentiated from the liver sinusoids and conveys most of the blood brought by the 
umbilical vein dirc-ct to the comment hepatic vein* This v^l is the Juctus wwwih 
ffie i8S C) and It plavs a imporiani purl: in the foMal circuLutmn, 

The superior m^tcric vein joins the left vitelline vein near the left extremity of 
the dotsaJ anastomosis. I Jter it is joined by the apltmc vein, and the pojtal vxin » 
thus established. Portions of the right and left vitelline veins disappear (hg. iHK. W 
and the portal vein is continued through the dorsal anastomoais, and the Mphahe 
part of ilie right vftellinc vein to the liver. The mtrahepatic part of the right 
l-itclline vein Incomes the right branch of the portal vem, while the cephalic ventral 
anastomosis and the intrahepatic part of the left vitelline vein form its left 
l‘hc (left) umbilical vein joins the left branch of the portal win. to w-hich the * 
venosus is also conuected. Some of the blood conveyed to the liver by the umbilu^ 
vein passes through the left ven,^ advelientcs. but the great nwjonty of it hnds its 
wav through the ductus venosus to the vena hcpatis communis (w-hicH later forms 
the upper end of the inferior vena cava) and so to the nght horn of the sinus 

Somattu veins,—^The venous drainage of the body-wall is effect^ at first 
bv two large veins on each side, termed the interior and portmr-r cardmai wtiw; 
the former drains the cephalic half of the embryo, and die Httcr the caudal half. 
These two veins unite to form a short vessel, termed ^e duct of Cu%nt, which 
passes ventrally. lateral to the pleuropericardial canal (fig. 215), to open into ttie 
corresponding horn of the sinus venosus (fig, 182). ^ _ j- ■ ■ 

Owing to the rapid development of the head and brain the aalcnoF cardinal ww 
become enlarged. They are further augmented by tc^'Ving the veins 
from the upper limb-buds, and so come to form the chief tributaries of the ducts of 
Cuvier: these ducts gradually assume an almost vertical position m consequence ul 
the descent of the heart into the thorax. The nght and left ducts of Cuvier are 
oriEinallv of the same diameter, and are sometimes temned the^mmon cirdmal veins. 
Bv the development of a iransvctse connexion {the hft brachioctptmlic vftn) between 
the two anterior cardinal veins, thr blood is carried across finm the left to the right 
anterior cardinal (fig. 190). The (Mirtion of the right interior cardinal vein between 
the left brachiocephalic and the azygos vein forms the upper pan of the superior 
vena cava of the adult; iKe loi^r part of the latter vessel (i.e. ^low the entrance of 
the aitvgos vein) is formed by the right duet of Cuvter Eelow the k-ft bmchio- 
cephalic v^in the left anterior cardinal vein and left duct of Cuvier atrophy, the foi^- 
mer cansiiiuting the terminal pan of the lefl supenor inicncostd yem, w;hilc the 
latter is represented by the liganKut of the left vena cava and the oblique vein ot the 
left atrium {fig- 190). The remainder of the left supenor intercostal v^m is de¬ 
veloped from the upper end of the posterior cardinal vein aud drams the s^iul, 
third and frequently, the fourth intercostal space. The oblique vein of the left 
atrium pa^es dmvnw’ards across the bach of the left atrium to open into the coronary 
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sinua^ whichas already indiastirdT represents the persistent left hcim of The sinus 
venosus. Right and left superior vena? cavae are present in some antnnals, and are: 
occasionally found in the adult human being. 

The iif/mor vena cava of the adult is a composite vessel^ and the precise mode of 
development of its postrenal segment is still somewhat uncertain. Its earliest 
foremimcr is the posterior cardinal vein, which receives the venous drainage of 
the lower limb-bud and the pelvis and runs in the dorsaJ part of the mesonephric 
ridge^ receiving tributaries from the l)c>dy-wall fintcrsegmental veins) and from 
the mesonephros (figs. i8i) to 1^3). 

A second longitudinal vein, termed the siihi&rJinaf vein, forma in the vcntrimcdiaJ 
part of the mesonephric ridge and becomes connected to the posterior cardinal vein 
by a number of vessels w hich traverse the medial part of the ridge. The two aub- 
cardinal v^eins communicate with each other by a prea^rtfe ajiastomotii^ which later 
constitutes that portion of the left renal vein wJiich crosses in front of the abdominal 
aortm 

I'he establishment of a cross anastomosis between the iliac vein^, which forms 
a large part of the left comrnon iliac vein in the adult, results in the preponderance 
of the right over the left longitudinal \ cina and helps to account for the subsequent 
diaappeaiancc of the latter^ 

At its headward end the subcardinal vein receives the suprarenal vein on each 
side, but on the right side it comes into intimate relationship with the liver. An 
extension of the vessel takes place in a cephalic direction and meets and establishes 
continuity with a corresponding new fomiution which is growing tailwsirds from 
the vena hepatis communis. In this ivay on the right side a more direct route is 
established to the heart and the prerenal segment of the inferior vena cava is 
formed. 

The enlargement of the metanephms thrusts the posterior cardinal vein out of 
its course and the venous drainage of the mesonephric ridge is taken over by the 


sulKardinal vein. At the same time 
new longitudinal channels form which 
take over the intcnscgmental venous 
dnunage, and tlie whole of the pos¬ 
terior cardinal vein disappears with the 
exceptiori of its extreme cephalic and 
caudal emis. 1 hc$c new' channels are 
four in number on each stde{% uji|, 
but, so far as is known at the present 
timc;^ only two of them persist as targe 
vcs^ls in the adult: (i) A longi¬ 
tudinal channel forms donsihtcral to 
the aorta and lateral to the svmpa- 
thctic trunk and Its branchca+ and 
takes over the inicnscgmcntal venous 
drainage from ihc pusierior cardinal 
vein. This is the tlmaco-Iambar ime 
(of Reagan), (i) A second channel is 
formed, ^so dorsilateml to the aorta 
but medial to the aympaihetic trunk 
and the branches which it sends to 
the pixaortic plexuses. This vessel 
constitutes the hne and, in 

turn, it takes over the inierscgmental 
venous dminage front the thoraco¬ 
lumbar line. The intcrsegmcnial 
veins now, for the first time, reach 
tlsfir longitudinal channel by pass¬ 
ing deep (medml) to the sympathetic 
trunk, the relationship which the 


Fm. lSy.»A didi^Tutn CO show' un early «UiKe 
in the deVetopmenT of the alnloininal veins. 
Compare with iqi and 192, 



lumbar and Intercostal veins exhibit in the adult. At its cephalic end the az)^gos fine 
joins the persistent cephalic part of the posterior cardinal vein. (j) Two stthcentral 
veim axe laid down directly dorsal to the aorta in the interval between ihe origins of 
the paired interscgmental arteries. These veins commonlo^te freely with each other 




! 
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anJ with the azygos Hues, and these connexions ultimately form the retro-aortic 
parts of the left lumbar veins and of the hemi-azygos veins, (4) The fufimeardmul 


Fm, 190,—A distrrani 10 illvstmte the mode of de^elopmrnt of the &uperidr 
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reiiw * are laid down lateral to the aorta and lateral to the sympathetic trunk and its 
branches to the preaortic plexuses, which therefore intervene betvvccti them and the 
azygos lines. These veins Mmrnunicaitc caudally with the ili ae veins an d cephaheaily 
with the subcardtnal veins in the neighbourhood of the preaortic inlcrsubcardinal 
anastomosis. In addition p the supracArdmal Arcins communicate freely with each 
other through the medium of the azygos lines and the snbccntral veins. The most 

Fto igf —Scheme of ft awnpcMico irnn^vcfse scttion lo show itie restive posiuDmof 
Bomc of the lonBiiedinaf wmaiic vtins in the lumbar rcRinn And the anaatomoTic 
vesscU by which They arc connccretl. after the disappcarnTite ef the poatenor 
cardiruil wins, (After Oladstoncr) 
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cranial of these contiesions. together with the supra-siibcardinal and intersubcardinal 
nnAStomosis, complete a venous ring around the aorta below the origin of the 
superior mesenteric artery, termed the ' reual collar' f (hg- 191). 

ITie right supracatdinal vein persists and forms the greater part of the postrenal 
segment of the inferior vena cava, the continuity of the vessel being maintained by 
the persistence of the anastomosis between the right supracardinal and the right sub- 
cardinal in the ‘ renal collar,' The left supracardinal disappears, but the portion of 

• AcccrdifiR to some JnithE>riri«, the fruptncurdinal vein is idcnticn! with the ihcmeo- 
lumbar Unc. 

t S. S Hun-rjnjrton And C, F, \V. McCbrc, Rrc., 17, 192&. 
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the ■ renal collar^ formed by iht left supra-subcardinaJ anastomosis in part persists 
ID the left renal vein. 

The inferior vena Is therefore formed, from below upwards^ by (i) the right 
Bupracardinal vcinp {2.} an anastomosis between the right supra- and subcandinsl 
vcijis, (3) tlic right suh-eardinal veiiip (4) a new fonnadon which connects the right 
subcardinal and the eotntnon hepatic veins, and (5J the common hepatic vein,* Tt 
should be noted that only the ^upracardinaJ part of the inferior vena cava receivj^ 
the intersegmcntal venous dnilnagep and that the postrcnal segment of the inferior 
vena cavn is on a plane which lies dorsal to the plane of the prcrenal segment. 
On this account the right phrenic, suprarenal and renal arteries, which represent 


FlO. 192,—A dioKrom shawlng the cotrtpliMtoTl of ihc difV^lopmml of the parietal 
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persistent mesonephric aitcrieSp pass behind the inferior vena cava while the tes¬ 
ticular (or o^-arian), ^vhich has a similar developmental origiiip piisscs in front of it 
In some animals the right posterior cardinal vein constitures a large part of the 
pustrenal segment af the inferior vena cavs. In these cases ihc right ureter, on leaving 
the kidney^ passes medially dorsal to the vessel and thcOp curvlnit round its medial 
sidcp crossea its veninii Eetpect. Verjt rarely a similar condition is found in the human 
subject, iind indicates persistence of the rtght posterior cardinal vein and failure of the 
right supracardinal to play its normal part in the development of the vessel, 

SumHtar^^ of die history of the emhiyonic abdominal and thorock longitudinnf 
somatic veins. 

(i) The lerminal part of the posterior cardinal vein on the left side forms the distal 
part of the left superior inicrcostul vein ; on the right side its cephalic end pcfskts 
and forms the tettnimJ portion of the vena azygos. 

(a) The caudal part of the srobcardijial vein is partly ineoTporaied in the testicular 
(or ovarian) vein (McClure and Buder f) ^d partly disappcuni. The cephalic end of 
the right subcardinaJ v^ern is incorporated in the inferior vena cava and forms the right 
suprarenal vein. The left subcardiojiJ veirit cephalic to the intersubcardinal anasto¬ 
mosis, ts i^l^catpo^at^ in the left supnirenal vein. The renal and testicular (ovarian) 
veins on both sides join the supnicatdlnal-suhcardinB] anastomosis. On the left side 
this is connected directly to the portion of the inferior vena cava which is of sub- 
cardinul value through an intertiubcardinal anasmmiyeis. 

(3) The right supracardinnl vein forms the postreoal sc^nent of the inferior vena 
The left supraCardinal v'cjn diflappeors entirely, 

{+) The right dxygm line persisis in its thoracic pordon to form all but the terminal 
part df the vena azygos. Its lumbar part can usually be idcntiBcd as 1 small v'csael 
* For a delailed nccaunt, see R. J. GlaJitone, J- Lorrd., 64, i^jq, 

t C, W. McClure and E. G. Butter, Anai.^ 35, 1925. 
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which kftves the verta iizyg)og m the body of the twelfth ihoracic vertrbra and 

an the vertebral column, deep to the righi cnis of the diaphnigiOt to join ihc ^tenor 

aspect of the inferior vena cava at the upper end of ita postrenal segment- I he leii 

azygos line forms the hemiasygos veins. » 1 r ■ l 

(5) The subccntml veins give rise to die retro-aortiC parts of the left lumbar veins 

and of the hemiazygos veins, * ... - - l 

(b) Tlie later history of the thoraco-liimbar lines is imcertain but some authontiw 
regard them ns Identical with the supracardinal veins. i- * j 

The development of the vt^wus mrnm 0/ thf ifirm mcifeir hns a A tty complicated 
hktorv which need not be m out here in detail but which was worked out by Streeter. 
It will Huflice to ftaie that the primary blood-vessels of the bead consist of a close’- 
meshed capilUry plexus which is dmlntd by a pair of vcim. named the primary Hrad 
fwu. Each priinery head vein begins on the diencephalon, and course along the 
aide of the hmin running medial to the trigeminHl gaoHlion nod, rtt hm. laicnu 
m the puditoTy vesicle ^ on reaching the vagus ncr^'e u turns sharply eaui^ y ao 
opens mlo the duct of Cuvier. The part of the vein which ip pudal to the yagua 
nerve is the anterior cardinal vclnp die cephalic portion of which forms the mtemal 


Fig. 193.—Diaaram of the cnrutltuent parts of the inferior vena c&vru 
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iugykr vtin. while it* caudil portion has Rlrtady been d4M«bi«l fp. » 7 S)- At a later 
i the grrater part of the original cepilltry plexus assum« the form 
scewfUrv plexu!H:s-ameriar, middle and posterior, associated rcspectntely^^wJth the 
fonsbniin’. the leetum and pons, and the medulla obloneata, 1 he stems which connect 
these plcicoses to the primai^ head vein undergo a senes of changes but finally take 
part in the formation of the tisnsverBC and si^oSd sinuses, , , - , 

At an early stage the cephalic end of the pnlwBrj' head Vein rtceive* the veins from 
the desteloping eye and this portion pemial* to Form die cat'emous sinus. 

Between the growing cerebral hemispheres cactensions of the antenor and middle 

* G, L, Streeter , 4 jneir. J. . 4 aior„ *8. tgij. 
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pluuses of both sid« rnifet and fomt the lasklal pUjeiif, a curtain of capillary teinj 
which hjinKa down tn the positiiof! of the future falx ccrebti. AlonijE tlie dorsal 
of this curtain the superior safntmJ sinus ts cvolvtfd+ and this sinus usually join* 
the right tr&nsvtrs* sinus; along the ventral free edge of the curtain tiie infcnor 
sdKittal sinus and the straight sinus are formed, the latter passlns into the left irans- 
verse sinus. 

The external jugular vein ill lirst drains the region behind tbe car (posterior 
suncular) and enters the anterior cardinal as a lateral tributaryn A group of veins 
from the face anti lingual region converge to form a common vein., termed the lin^o- 
facial^ which also ends in the anterior cardinal vein. Latcfip cross communiciiiions 
develop between the external jugular and the linguofacial, with the result that the 
posterior group of facial veins is trunsfcired to the external jugular vein- The 


FlO. lQ^_—A schfime shdwlnfl the rvleti v^ pfMitianji of iht primary b^mpli- 
(Based an the dwripliein ftivtu by Florrrtdr Sabin,) 




Jugular 

Right in ndppitftni^ 


Sitperior rrurt —■; 


/^rerVlial part 
in/mur fnna fw+Ttf 


p±ri 

irifiyiar I'swt trtrn 

Ci^trrna ch^i 
Po^iriar lymph-UQi- 



/ nlcfBff/ j MHjTM fnir 
Sjitrmif jnfjutrir 


£lud! €f C-uiw 

jWfiCmJT crtR/iVhnJf 


Lrfi fuprar* 7 tal 
L*ft final 

^_ iMraperilontai 

^ tymith-rAUi 


fjrjt eonffttm lilmr 
E^mmi iRfft 
InUntal iiia€ 


cephalic vein is, for a time* a tributaty of the extemal jugular vein, but is later 
diverted into the axillary vein. 

The fcEtal circulation and the changes which take place in the circulation after 
birth are described in the section on Angiology. 

The lympluitic system- -Two dilTcrcnt views are still curtent os to the initial 
stages in the development of the l>nnphatic system. .According to the view put 
forward by Huntington and McClure lymphatic spaces appear as clefts in the 
mesenchyme, and their lining cells take on the characters of endothelium. These 
spaces form capillary plexuses from which certam lymph-sacs, to be noted later, are 
derived. The eonnexlons of the lymphatic with the venous system arc entirely 
secondary. According to Sabin, however, the earliest lymph vessels arise as capillary 
offshoots f^rom the endothelium of the v^eins, which form capillary' plesuMs. 'l*hesc 
plexuses lose their connexions with the venous system and become confluent lo form 
Ivmph-sacs. The balance of the eiddcncc suggests that the lymphatic system o rigin¬ 
ates independently of the %'enous 3)'siciii and only aetjuites connexions with it at a 
later stage. 

In the human embryo the lymph-sacs from which the Isnnph vessels are derived 
are aLx in number ; two paired (the jugular and the posterior lymph-sacs) and two 
unpaired (the retroperitoneal and the cisterna chyli)- In lower mammals an addi¬ 
tional pair (the sulKlavian) is pfeseittT but in the human cmbrj'o these are merely 
extensions of the jugular sacs. 

The portion of the sacs is as follows (fig, 194): (1) the jugular, the first to appear, 
at the junction of the subclavian vein wHth the anterior cardinal ‘ (z) the posterior, 
at the junction of the iliac vein, with the posterior cardinal ; (3) the retroperitoneal. 
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in the root of the mesentery near the sup rare na 
opposite the third and four^ lumbar vertebm?. 
%'^e3sda bud out along fixed lines corresponding m 
of the embryonic blood-vessels, but many arise 
establish connexions with existing 
vessels^ In the bady^wall and In the 
wall of the imesdnefc* the deeper 
plexuses are the first to be des^eloped; 
by continued growth of these the 
vessels in the superficial layers are 
gradually formed* The thoracic 
duct is, phylogeneticallyi □ bilateral 
structure. In man it comprises the 
caudal part of the right vessel, a 
transverse anastomosis and the cep¬ 
halic part of the left vessel. Ac¬ 
cording to Sabin it is formed from 
anasnimosing outgrowths from the 
jugular sac and cistema chyli. At 
its connexion with the cisterna chyU 


7. 1^5,'—^Ihc hedd of a humM embr^^o In the 
dsth week. V^tnlrdl flspcct- tOrawTi fratl n 
rect^natnjctieti model rndde by K&rl Pcicr,) 


i'^uittn apex [■/ ddAT 
^ /ITOCUiir 

^ Olfaciwp pH 
^ C^fcF^rdqr jarcKWi 
— iMUfal nawi proCe ^9 

Siamiidfrv w 


soon join. Numerous valves arc 

laid down in the duct during the w ^ittrRr-,hiJif rfr/i 

fifth month, but many of them dis- 
appear prior to birth. Those which 

persist are formed in situations J 

where the duct may he subjected to 
pressure, c,g, where it is crossed by 
the msophagus and the aortic arch, 

All the lymph-sacs except the 
cisterna chyli art, at a later stage* 
divided up by a number of slender 

oonncctive tissue bridges. Later they are invaded by lymphocyand transformed 
into groups of l>Tnph glands, the lymph sinuses representing portions of the original 
caviiy of the sac. The lower portion of the cisterna chyli is sinularly converted, 
but its upper ponion remains as the adult cislema. 


THE DEVELOPMENT OF THE DIGESTIVE AND RE8FIJLATORY 

APPAR.\TUS 

The mouth is developed partly from ihe stomodcEum, and partly frejm the floor 
of the cephalic portion of the fore-gut. By the growth of the head-end of the 
embrvo and the formation of the head-fold, the pericardial area and the buem- 
pharyngeal or oral membrane come to lie on the ventral surface of the embryo (p. S3), 
With the further expansion of the brain* and the bulging of the pericardium, the oral 
membrane comes to lie at the bottom of a depression bounded by these two p romin- 
cnccs, I'hls depression constitutes the siomoda^iijn or primitive mauth (fig, S9)x 
It is lined with ectoderm, and is separated from the cephalic end of the fore-gut by 
the oral membrane, which is formed by the apposition of the atomcKlnr^il ectoderm 
with the fore-gut entoderm ; at the end of the fourth week the membrane disappears 
and a commurdcation is established between the primitive mouth and the cephalic 
end of the fore-gut or future phary™. No vcslig^ of the membrane is found 
in the adtdi 5 and the communication just mentioned must not be confused 
with the permanent aro-pharvngcal isthmus. The epithelium of the lips and 
gums and the enamel of the teeth are ectodermal in origin, being formed from 
the walls of the stomodccum. but the epithelium of the tongue, which is developed 
in the floor of the mouth and pharymx, is derived from the entoderm. 

The visceral arches grow in a ventml direction and come to lie between the 

■ Ci- IJcucr^ Amtf. y. AnaL, 9, i9*9^ 
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9tonnflda;um and the pericardiuni i ^ith the cempletiDn of the mandibular arch and 
the development of the maxillary processes {p. j i i )j ihe opening of the stomodmurn 
assurnea a pcfitagonal fomip bounded on its cephalic $i\\t hy the frontonaaal process, 
caudally by the mandibular arches, and laterally by the maxillary processes (fig, 193). 
^Vith the inward growth and fusion of the palatine processes (figs. 1^5 and 127), the 
stomodcLum is divided into a nasal and a buccal part. Along the free margins of the 
processes bounding tiie mouth cavity there appears a shallow groo^'e, termed the 
primary hhial The ecladerm in the floor of this groove thickens and tn%'ades 

the undeflymg mesoderm. The central cells of this ingrowth soon degenerate and 
break do^vn so that the primary labial groove becomes deepened. It may nmv be 
termed the atTfolo-hhmlgrootr^f for its inner wall contributes to the formation of the 
alveolar processes of the maxlLhu and the mandible^ while it$ outer wall forms the lips 
and cheeks. 

'rhe saLivni'y glands arise from the epithelial lining of the mouth. The 
parotid giomi can be recognised bi human embryos S mm. tong as an elongated 
furrow running dorsally from the angle of the mouth between the mandibular arch 


Fje;. 1^6,— The (lo&r of the phnrj’nx of q human embryo at the ht^^nniriB oi 
the aixth w cck. (From n mod^l by Katl Peter,) 
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and the maxillary process. The groove, which is converted into a tube, loses its 
connexion with the epithelium of the mouth, except at its ajitertor tnd^ and grows 
dorsally into the substance of the cheek ^ The tube persists as the parotid duct and 
its blind end proliferates to form the glands fiubsequently the size of the oral fissure 
is reducedt and the duct opens thcre^ter on the inside of the cheek at some distance 
from the angle of the mouth. The tubmandibvtargiattd is present In human embiyoa, 
13 mm. long, as an epithelial outgrowth from the floor of the alvcolo-lingual groove 
(below). It incrc^ws rapidly in size by giving off numerous branching processes 
which later acquire lumina. At first the connexion of the submandibular outgrowth 
with ihc floor of the mouth lies at the side of the tongue, but the edges of the groove 
in which It opens come together, from behind forwarda, and form the tubular part 
of the submandibular duct. As a result the orifice of the duct is shifted forwards till 
it comes to lie bclow^ the tip of the tongue^ dose to the median plane (F’razer)^ 
'ilic siibiittguai gtaad arises in embryos about zo mm. long as a number of small 
epithelial thickenirgii in the alvcolo-lingual gioove and on the lateral side of the 
groove which later closes to form the submandibular duct. 

The tongue.—Before the visceral arches meet one another at their ventra] 
ends, 0 small median elevation, named the tidnrmlam impor, appears in the ento- 
dermal floor of the pharvTix, and it subse(|Liently becomes Incorporated in the anterior 
part of the tongue. A little Ister tw^o oval tmgaai meilingi appear on the entodermai 
aspect of the mandibular arches. They meet each other In front, and cnudally they 
converge on the tubcrculum impa r, wit b w hich they fuse (fi|p, 196 and 197), A sulcus 
forms along the ventral and lateral margins of this elevation and deepens; to form 
the ahToMingoal while the elevation ccnalitutes the anterior or buccal part 

of the tongue. 






THE DE\T:L 0 PMENT of the thyreoid gland 

Caudal to the luberculuin impar, a second median ckvatioiip termed the hyfK^ 
hrarifhiai (Frazer) [ropuj!^ of His], fornis m the fioor of the pharynx, and it 

receives the ventral ends of the fourth, the third and, later^ the second visceral 


Fi«, 197.—^iTic door of the phnrvns of a human cnibryn, about ttx old- 

(From a niodel by Karl Pettr) 
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arches. A tnms verse groove separates off the caudal portion of the eminence to form 
the epiglottis, while its %'cntral portion flpproaclies the tongue rudiment, spreading 
vcnirully in the form of a V, and blends v^nth it to constitute the posterior or phanm- 
geal pait of the tongue. In the process the third arch elements grow over and bury 
the elements of the second arch, excluding it from the tongue. As a result the mucous 
membrane of the pharyngeal part of the tongue receives its sensory' supply from the 
glossopharyngeal, the nerve of the third arch. In the aduk the union of the anterior 
and posterior parts of the longue is marked by the V-shaped sulcu& terminalis, the 
apex of which is at the foramen ceaim, a pit-like depression produced at the time of 
fusion of the oiastitucnt parts of the tongue, but also marking the site of the out¬ 
growth of the median rudiment of the ilwreoid gland. 

At first the tongue consists of a mass of mesoderm covered on its free surface by 
entoderm. During the second month the occipital myotomes migrate from their 
original pc«iition on the latend aspect of the mycicnoephalon and invade the 
tongue to form its muscuhturc. They pass ventmlly round the wall of the phaiymx 
to reach its floor and thev arc accompanied* necessarily, by their nerve of 
supply (the hypoglossal ncn'c), which therefore crosses superficial to both the 
intcntal carotid (dorsal aorta} and the external rarotsd arteries. 

The compoflite characlerof the tongue is indicated by its adult innervation. The 
anterior or buccal part reoeives sensory branches from (rf) the Imgnal nerve, which 
is derived from the (posl-treinatic) nerve of the first arch (mandibular ner\c); 
and (b) the chorda lympans, which is the prc-trematic nerve of the first arch. 
The posterior or pharvngeal part of the tongue receives its innen aiion from the 
glosso-pharyngcal, which h the nerve of the third arch. The muscles of the 
longtie are mvotomic in origin and receive their ncrve-stipply from the hypo¬ 
glossal nen'e/which ia serially homologous with the anterior nerve-roots of the 
spina! nerves. 

The thyreoid gland is first indicated incmbiy'osof about 2 C somites, as a median 
thickening of the entoderm in the fk^ir of ihe phaiynx betwfcn the levels of the first 
and second pharyngeal pouches and immediately overlying the aortic sac.* 'Fhis 
area is later einginated to form a median divertieuium, w'hich appears in the latter 
half of the fourth week in the furrow immediately caudal to the tubercuhin^ tmpar 
(fig. 196). It grows caudally m a tubular due! W'hich bifurcates and subsequently 
divides into a scries of double cellular plates, from which the isthmus and portions 

• C. T.., Da vis. Cintir. Emlrryid. Cnmcu^ Instn.. 


EMBRYOLOGY 


of the ktcrsii lobes of the thyreoid gliind are developed. I'hc prfwian' fhymfd 
fotiicles differentiate by reor]ganii;sation and proliferation of the cell^ of these plates. 
Se^mdtiry foili^ia subaet|uently arise by budding and aubdivieion.* The clairct that 
the fourth pharyngeal pouches conlribuie thyreoid tissue to the laieral lobes of the 
gland is disputed and seems unlikely on the grounds of comparative embtyohigy. 
The connexion of the median diverticulum ivith the pharynst is termed the 
ghsial duel : it U obliterated at a very early stagOp hut the site of its conne.'cinn with 
the epithelial floor of the month is marked by the foramen cjEctim. I’hc pyraiiudal 
lobe is probably a secondary extension upwards from the developing isthmus. 
Occasionally portions of the thyreoglossal duct persist and give rise to the formation 
of cysls in the rnedian line of the neck. 

The tonsils arc developed from the parts of the second pharyngeal pouches 
which lie hetw^een the tongue and the soft palate. The entoderm lining these 
pouches grows into the surrounding mesoderm in the fortn of a number of solid 
buds. These buds ate excavated by the degeneration and shedding of theh 
central cell3^ and by this me^ns the tonsillar fosaula- and crypts are formed. Lym¬ 
phoid cells accumulate around the crypts, and are grouped to form the lynnphoid 
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follicles. A slil“likc fissure^ which lies immediately above the tonsil and is termed 
the mpmtoKsillar citft {p. t3S3)p is a remnant of the second phaiyrngeal pouch. 

The thymus is derived from the entoderm of the ventral part of the third 
pharyngeal pouch on each iide (lig. It cannot be recognised prior to the 

difTerentiation of the inferior paiaihyreoid gknds {t?w/c infra ) — which occurs when 
the embryo is lo-ia mm. long—but thereafter it is represented by two flask- 
shaped diverticula which soon become solid cellular masses and grow caudally 
into the surrounding mesenchyme. In front of the aortic sac (p. 16S) the two 
thymic rudimentB meet and are subsequently united by eonnijctivc tissue, but the 
rudiments themselves never fuse, ^rhe connexion with the third pouch is soon 
lost^ but the stalk may persist for some time as a solid, cellular cord. 

The development of thymic tissue from the ventral recess of the fourth pharvn- 
geal pouch occurs in a proportion of embryos^ olihough this has been denied"by 
some authoritics.t Thymic tissue developing from this site is usually found outside 
the thyreoid gland in dose associai ion w ith the superior parathy redid gland. A n ecto¬ 
dermal contribution^ probably of plocodal origtnT to the thymus undoubtedly occurs 
in some mammals but the presence of a similar contribution in man cannot be 
regarded as proved.^ 

Vascularised mesenchyme, including lymphohlastSp invades the cellular mass of 
the entodcrmal thymus and it becomes partially lohulatcd. "llie cells of the cyto- 
reticulum and the concentric corpuscles of the thymus are cntodermal in origin 

“ F. K. Narrlip Amtr.y^ aOi^ lOl^- 

t H. Vnn Dyke^ . 4 nai.Rtr.^ 78, 

i L. O.Wctbr, CuMif. EmtTy'ol. C^rrlrM. tniUn14^ 1^33+ and E, H. IJCamd, ibid, ij, IqjS, 

I F. D. Garrell, foc. ril. 
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At birth the thynruis is large relative to ihc weight of the body. Its ob&clute: 
weight incfieasts in the fiirat tw^o years after birth but its rekiiv'e weij^ht decreases, 
'rhcrc is little change thereafter until about tlie seventh year when rapid growth 
again occura to reach a rnaximum siste at abt at eleven years. After ihk it begins to 
decline to an adult figure which is very ^'artable hni: averages 12-15 grants. In old 
age the gland ehrinks still further, especially after wasting diseases* For this and 
other reasons it is rarely identifiabte after preservation in the aged cadaver.* 

The parathyreQxd glands are also derivatives of the pharyngeal entoderm. 
Prior to the appearance of the thymic rudiment from the third pharyngeal pouchy the 
epithelium on the dorsal aspect of the pouch and in the region of its duct-like 
connexion with the cavity of the pharymx: becomes differentiated and can be recog¬ 
nised as the primordtum of the wferior pamth^Tfoid gfund, owing to the fact that its 
cells stain more lightly than the other entodermd cells lining the pouch. Although 
the connexion between the pouch and the pharynx is soon lost^ the connexion 
between the th>Tnic and pardthyreold rudiments persists for Bonr^e time, wdth the 
resuk that the latter is drawn caudalEy with the developing thymus. The superior 
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in a similar manner from the dorsal recess of the fourth 

wdy has ^dready been noted as a diverticulum fomung 
part of the caudal pharyngeal complex. The latter separates from the cctrHicrm in 
the fourth bninchial cleft and loses its connexion with the pharynx by attenuation 
and rupture of the ductus pharyngohranehialis eonununis. It becomes cloj^ily 
associated with the expanding laierjl lobe of the thyreoid gland, with the superior 
parathyreoid {parathyreoid IV) component of the complex lying dorsalty ando^ulside 
the thyreoid gland. The remainder of the complex, w hich includes thcullimobran- 
chial liody and possibly some vestiges of the ventral recess of the fourtb pharyngeal 
pouch and of the transitory' fifth pharyngeal pouch, is enveloped fay the thyreoid 
gland. Its fate La disputed but it probably degenerates in this situation. The claim 
that it gives origin to thyreoid tissue cannot be regarded as pnivcd. 

The hypaphysxE consists of an anterior and a posterior lobe ; the 
former is derived from the ectodenm of the stoinodirum, the latter from the 
neurcctoderm of the floor of the fore-hrain. Previous to the rupture of the oral 
membrane a pouch-like recess is present in the ectodermal lining of the mof of 
the slomodmumi This recess (pouch 0/ Raihke) (fig. 199, A) is the rudiment 
of the anterior lobe of the hypophysis ; lying immediately ventral to the cephalic 
border of the oral memb^ane^ it extends upwards in front of the cephalic end of the 
notochord, and is in contact w'ith the under surface of the fore-brain. It is 

■ G, Keynes, Brii. a, 195++ 
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then con 3 lhcted off by the surrounding meaenchyme to form a dosed vesicle, but 
rernalna for a time coiifieetcd to die ccKxicmfL of the stomodtEum by a :9oUd cord of 
cells, w^hich can be traced doi\ii the posterior edge of the nasal septum. Masses of 
cpididiaJ cells form on each side and in the ventral wall of the vesicle^ and by the 
growth of a stroma from the mesenchyrne the development of the anterior bbe of 
the hypophysis is completed. A canal {ermthpharyngeui aniai), which sometimes 
runs from the anterior part of the hypophyseal fossa of the sphenoid bone to the 
under surface of the skull, is said to mark the original position of Raihke^s pouch t • 

Fig. jm.—T he di|;cat[ve tube of n. human nubrya with 29 pairvd 

(End of fcHjrtb week.) (C, L. Sttttirr, Centr^Em^'^yi. Camcir. Insfn^ 30^ 

ig+i.) (jfi. 350 









ihtfVtt! 


Xinr 


Npk,—Tha mbiyT? Hm b H^inrn-nmip }tngth ni j’* mm. and ib b niimiud n dayt. 


and traces of the SLoitiodcFal end of the pouch are occasioimlJy present at the iunc- 
lion of ihc Bcptum of the nose with tht?paIalu{Fraicr). Justbchlndltaihlte'siiiych 
a hollow diverticulum grows towards the mouth from the fl(wjr of the diencephaion 
(fig. 199, fi). 'IliiB neural Outgrowth fonus a funnel-shaped Me, the walls of which 
increase in thiehness so as lo obliterate the contained cavitj.' except at its upper end 
where it persists as the infmtlibular reeeis of the third vcntncle. Fo fmed i ii this wav 
the pmtrrfor Icbe of the hypophysis becomes invested by the anterior lobe which 
extends dorsally on each side of it. In addition, the anterior lobe gives off two oto- 
cesses from its ventral wall which grow along the infundibulum and’fuse to surround 


• It hu j«ently b«ii ihown That the It . romwdan 

caused by the growth of blood-vessels, aod it qmte unconnected wiih 
•iTteiior lobe (L. B. Aroy, jfjiur, loj, i^q), * 
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it, coming into Delation ith the tuber cinereum and conatJtuting the tabfral portim 
of the livpophj'sis. The original cavity of the stomodtEal diverticulum remains aa 
s cleft and can be identified readily in ^giltal sections through the gland in the 
adult. The doml wall of the stomodo^l part+ which remains thin* fuses mih the 
adjoining part of the postcriur lobe and forms the pan ittiermeJia. In some of the 
lower animals the posterior lobe ctmtair^ nervc-eclls and nerve-hbres* but in man 
and the higher vertebrates it consists only of neuroglial tissue. 

A smali entodemial diverticulum, named SemfPs poarh, projects towards the 
brain from the cephalic end of the fore-gut, close to the oral membnme. In some 


Fig. lot — A htinun eiiibr>o of 7 grtoiut length. Fifth wtekr 
Lrft EtilcrttI ttftpcctx (Aftvr Peter ITiampsoii.) 
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marsupliils this pouch forms a part of the hj-pophysis, but, in man. it disappears 
entirely. 

The pharynx b formed from the cephalic end of the forc-gut. and the visceral 
arches and pharyngeal pouches play an imjMrtant part in its dc^-elopment. The 
enlodermal aspect of the mandibular arch in its dorsal part contributes to the fornia-^ 
tion of the lateral wall of the nasal phan^is in front of the orifice of the audiuuy^ 
tube. The ventral end of the first fniuch beconne.-s obliterated, but its doisat end 
persists and deepens as the bead cnlaiges. ft remiiins in close relationship with the 
ectoderm of the dorsal end of the first cleft {p. 116) and. together with the adjoinirig 
lateral part of the phairnx and dorsal part of the second pharyngeal pouch, consti¬ 
tutes the tui>at\*mptini£ r€i‘rstj which forms the tympanic cavity and the auditory tube 
(p. 151). The site of the second arch b partly indicated by the palato-gtossa,! arch, 
but its dorsal end is separated from its ventral end by the forward growth of the 
third arch, which oblilcralcs the inlcrniediate part (Ftazer). It is believed that the 
site of the second pharyngeal pouch is represented by the supratonsillar cleft, around 
which the tonsil is developed. Th^ ihird arch forms the lateral glosso-epiglottic 
foldj and its dorsal end takes part in the formation of the floor of the auditory^ tube 
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(Fra^r)- vcntraJ cods of ihc? fourth arches fuse with the posterior part of the 
hypobratitehial eminence and so coiitrihiitc to the hirmsiiion of the epiglottis {p. iS3)h 
1 he adjoining portion becomes connected \o the arjienoid swelling and may be 
identified in the ar^cpiglottic fold- 

After the caudal portion of the hypobranchml emi nence has been separated from 
the dor^l part of the tongue (p, iSj), it is in continuity with two linear ridges which 
appear in the ventral wall of the pharynx^ the whole ferming an inverted regarded 
by His as an independent formation and called by him the furcufa. Fimer identifiea 
ihfse vertical ridges as the sixth arches, placed very obliquely owing to the shortness 
of the pharyngeal floor compred with the greater extent of its roof. The contai ned 
groove of the furcula is carried downwards on the ventral wall of the fore-gut as the 


Fig. 202.—A compQ&ite diagram of u irraphic recpn^iniaion of a. humatn etnhn'o 
flt the end of the fourth week, (After G. L, Streeter.) 
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imyfig<j 1 ra£healgrot)Vf, from which the leaver part of the lirvinc, the trachea, bronchi 
and lungs are developed (p. zoo). At the cephalic end of the groove paired arytenoid 
swellings arise which pn^■c^t the siit-liie upper aperture of the respiratorv'svatem 
into a T-shaped opening. The ary epiglottic folds can be recognised at this'stape 
extending from the iuytcnoid swcllingB to the epiglottis. * 

The further devefopment of the digesUve tube. -The portion of the fore out 
which succeeds the pharynx remains tubuiar, and is elongated to form the ccsooha^ 
At the end of the fourth or the begin nbig of the fifth week tfie stomach can be re^^' 
nised as a fusiform dilation (fig. zoo), and beyond this the gut opens into the yolk sac’ 
this opening is at first wide (fig. iSi), but by the fifth week it has become narrowed 
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tnto a tubular stalk [the viiellw or dticf}^ (fig- 200)# which soon loses 

Its connexion with the digestive tube (fig. 201). At this stage the stomach is placed 
in the median plane, and yen (rally it is separated from the pericardium by the septum 
transversum (p. Sfi), which extjtfids ventrally on to the cephalic side of the sntello- 
mtesdnal duct. Dorsallyp the stomach is related to the dorsal aorta and, owing to 
the presence of the plearoperitoneal canals on each side, it is connected to the body- 
w-all by a short domaL mesentery, termed the dorsal mt^ogasinum (fig. ao^). Thit 
mesentery is directly continuous with the dorsal mesentery of the gut. The liver 
develops "as a Iwllovy diverticulum from the ventral aspect of the fore-gut and grows 
headwards into the substance of the septum transversum (fig. 200), and it is this part 
of the latter which is sometimea lermed the ventral aiesogastrium. 

In the human embryo^ at the 10 mm. stage^ the curvatures of the stomach are 
defined* Grmvth proceeds more actively along the doi^l border of the viscus ; 
its convexity is notably increased and the rudiinent of the fundus appears* As a 


Fig. 205.—^Tht! abdomiriHl part of the diK«tive tube, the commem dotifll mescnieiv, 
and the ^-entnil or splanchnic brunch^ of the aorw, (.Mter Toldt) (From KotU 
rfmnii'4 EnHikkelttn^^firjthichte.y 
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re&ull of the more rapid growth of the dorsal border the pyloric end of the stomach 
13 carried ventraUy and the concavity of the lesser curvature becomes apparent 
{fig. 201). These'growth changt* in the stomach are associatt'd; with increasing 
depth of the dorsal mesogastrium, and all these factora. possibly logcthcr with 
pressure exerted by the rapidlv growing liver, result in the displacement of the 
Etomach to the left of the medi’an plane and its rotation so that ita right surface is 
directed dorsally and its left surface vcntrally (fig. 21J). As a result in tire adult 
the right vagus nerve is distributed mainly to the posterior and the left vagus nerve 
tTkainlv to ihc anterior surface of the atonuith. In this way the recessus panereatico- 
tnteriims, which w-as hitherto a simple recess in the dorsal mesogsstriurn (p. 196), 
cornea 10 lie dorsal to the stomach and may nrwv be termed the inferior recess of the 
bursa omcntalis. 

While these changes are occurring in the stomach, the gui increases in length 
more rapidly than the vertebral column, and forms a U-shaped loop, which acquires 
a dorsal meaentery as it lengthens, and projects into the crclomic cavity (fig, 20j). 
The rapidly growing liver and the developing mesenephroi encroach on the avail- 
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so much that the U-loop [s extruded into the portion of ihe 

bceoma included in the umbiiicai «rd fp. 8S). 

^fik j^**'*^ ^ fiomai eondtiion in iiumau embnos bettettn tin to mm. {end of 

n'Lu»/ » mfiKth ); under abnomial conditions it may be 

pres^i at pirth. ^ 

r„ Stomach ream on the position of the duoilenum, u hich prior 

** dtrwfed Jopp, now carriw! doisally and to the n^ht. 

At thts stage the dumienum possesaos a thick mesenten', which is continuous with 


Fio. ni4.^The trunk of jhumjnEiiibr>oi7nim.lone. fAftwa rMOtetmetion by Mall,} 
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the dorsal mesugqstriurn, on the one hand, and the tiiesenten' of the If lor%n ,« ,1, 

ahdoifrf t“^1M "fi*"'" "'T of'he duodenum to the dom'l 

abdom nal wall leads first to the adhesion of the right layer of ita mesente^- tn 

parietal pentoneum, and later to the absorption of both la vets. In this?™ Ih. 
duod^ntim comes to be rtrtitipcriioiit-aL " 

diverticulum appears on the caudal limb of the U 
™p (fig. 20t) and later differentiated into the cajcum and the vermifniwi r 

fiJh"^*'th f™"’ »he small intestine. Umilihe 

fifth month the divemculum has a conical outline, but from Uiat time onL,^, ^ 

distal part remains rudmientap' and forms the vermiform appendix whJe S 
proximal part expands to form the ca?cum. At birth the vermiform appendix spring 

















THE DEVELOPMENT OF THE ALIMENTARY CANAL 







from the apex of the cxcum^ but^ owing to unequal growth in the w'alls of the latter. 
It suft^qucntly comes to open on the medial aide of the cecuih* 

When the U-loop enters the umbilical cord it has already been rotated through 
an angle of 90°, so that the proximal limb (i.e. the limb nearer to the stomach) llee 
to the right and the distal limb to the left (fig. 20^). I'hia relative position is main¬ 
tained 30 long as the hemia persists, hut during this period the portion which forms 
the small intestine becomes elongated and coiled^ and the mesentery adapts itself tn 
the changes in the gut. The oolic part of the hernia elongates less rapidly md has 
no tendency to become coiled. By the time the embryo has attained a length of 
40 mm. (middle of third month), the peritoneal cavity has enlarged sufficiently to 
contain all the abdominal viscera, and the hemia undergoes rapid reduction^ The 
manner in which this occurs is important, for it is at this stage that the gut undergoes 
a process of roiation^ resulting in the establishment of the very constant relationsldps 
which the large intestine show's in the adult, including the relation of the transverse 
colon to the duodenum, 'fhe process has been analysed by Frazer and Robbins • 
as follow's. So long as the hemia is present, the dorsal mesentery forn\s 4 median 
partition extending from the dorsal wall to the umbilicus. As the gut re-enters the 
abdominal cavity' the coils of the smaLt intestine, which return brat, necessarily enter 
to the right of this partition and they thrust it over to the left, thus deieftnlning the 


Fio, ^ 05 -—iJiJigrams fo illu«trjxe the ilwclopment of ihv grviiter emenium and 
ihc tranftV'oBc mrtftcolon. 
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position of the descending coJoHh They pass dorsal to the superior mesenteric 
artery and determine its adult relationship to the inferior part of ihc duodenum, 'fhe 
csecum is the last part to re-enter the abdomen, and it lies ac first on the surface of 
the mils of the ileum. The subsequent growth changes soon cany the cecum 
dorsativ and to the right, w'here tt lies in contact mth the caudal aspect of the li ver+ 
'I'he portion of the colon w^hich adjoins the cEoim now lies ventral to the duodenum 
and the rotation of the gut has b^n completed. 

As a result of the manner in which the coils of small intestine re-enter the 
abdominal cavity the mesentery of the descending colon is thrust against the dorsal 
abdominal wall and the opposed peritoneal surfaces become adherent and are gradu¬ 
ally absoibc:d. In this w ay the descending colon lo 3 c 9 its mesentery^ and becomes 
retroperitoneal. Since this change takes place towards the end of the third month 
the left colic vessels, whose position on the posterior abdominal wall is secondary, 
must lie in front of such structures as the left ureter and testicular or ovarian vessels, 
which arc associated with the posterior w-all originally. At the same time the prox¬ 
imal part of the colon Is carried behind the omental bursa, and fusion takes place 
between the transverse mesocolon and the dorsal wall of the bursa (fig, ^105), (rcc uku 
p^ T402). During the later months of fcctal life the ciccum descends into the right 
iliac fossa, and the ascending colon so formed loses its mcsenien' in the same way 
and with the san;e results as happened in the case of the descending colon. 

The rectum and anal canal. — 'fhe formation of the taiUlold and iht changes 
associated with it have been described in an earlier setcion (p. 81)- As growth 

* J. E. Frazer and R. li. Robbjns, _ 7 . JO, 
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Fio, 206,—^The of a humun about four weeks old. 

(Drawn from a model by Kdb«L) 
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proceeds, the gut lengthens, at first p&ri pasm with the embryo, and a new portion 
of the hind-gut cm be lecognJsed between the caudal aspect of the vitelline duct 
and the origin of the alirotois (fig. zoz). The part of the hind-gut caudal to the 


Fjo. aoS —I'he t*il-end of a feiniik hu™n embryo, eight And a half to nine wrek* ol(L 
(PniuTk fjrem a model by KeJbcl.) 
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latter point dilates to form a pouchy termed the tfifodenn^i f/ortra, and in its ventral 
wall the cloacal membrane (p. 84) can be identified in the median plane (fig. 20b). 
By growth of the surrounding mesodem^ the cloacal membrane comes to lie at the 
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bottom of a shallow depression termed the ^ciod^ftnai clottca (fig* 1 he hind- 

gut and the allantois open into the entodermal cloaca from the tiinc of its first 
appearance and in the fifth week the mesonephric ducts pierce its v^ll. By this time 
the ventral part of the cloaca is wider than its dorsal part^ which remains ver]p" 
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narniw, and it is into the domiuttml comer (blumi hom) of the vontrsl ponion that 
the mcisonephjic duct opens (%. 209). 

The mcs4xicrm outside the lint of union of these nvo parts of the cloaca grows 
rapidly and thrusts the cntodcmial epithrliutn imvarda. As a result the two wdls 
come into apposition and fuse. This process commences opposite the conncKlon 
of the allantoic canal with the cloaca and is coniinucd caudally to form a septum, 
termed the uroratial septum, which separates the dorsal segment or rectum from the 
ventral segment, which forms the urinary bladder and the urogenital sinus. At its 


F[si. 21 i. —^TronsYT™ tt^elion through the same embryo fijj, no. but 530/* mart 
aLud 4 lll>'. Note thiiX rotarion oF the »tpmach hfifi Tidceci place und that the 
iinuiordflt spaces in the Hver cotnFnUjiicetc freelv wilh one another. 
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caadul end the urorectal septum reaches tEie cloacal membrane and diiridca it Inin 
an anal and a urogenitisl mrwtbrafif. For a time a communicalion, named tfie 
du^i, exists beUveeji the two parts of the cloaca caudal to the growing uroiectii] 
septum (fig. 237) ; this duct occasionally' persists as a passage between the rectum 
and the bladder or urethra. Anal tubercles • form round the margin of the anal pan 
of the doacal membrane, which thus comes to lie at the bottom of a depression^ 
termed the proclodifum. On the absorption and disappearance of the nnaJ membrane 
the rectum commumcates with the exterior (fig. 2oS)w The lower part of ^e anal 
canal is formed from the proctod^um^ but its upper part is cntodermid in origin and 
is derived from the caudal end of the dorsal subdivision of the cloaca : the line of 
union corresponds with the edges of the anal valves in the adult. In the fourth and 
fifth weeks a small pm of the hind-gut, named the p<i$t-anal gut (fig* 306), proje^ 
tail wards beyond the anal membrane \ it usually becomes obliterated and dts- 
appears before the end of the fifth wxscLt 

Applied Anatomy.—x^btionniilitics in the dtvelopmem of die digestive tube may 
tesd Eo various disturbances which become apparent sc birth or shortly after. Of these 
the following sue the most commem : 1 - . 

The closure of the laryngo-trachcal groove tp. 200) may be efFected in such a w^ay 
thai ihe ssophagus is divided ioEo two portions, vS^, an upper, which communicates 
with the mouth above afld ends blindly below in ibc ncigbbiauirhood of the tracheal 
bifurcadort, and a lotwr^ which cornmimtcs^tes below' with the siomach and above wilh 
the trachea. 

Congenital strtctuTc of the small ime*tine i* usually due to exuberant ovetgrow'th of 
the I ining epithelium and the formation of ad hesians - Ti'his overgrow-th is a normal occu r-^ 
rcncu at one sipg^ In the de\'elopinent of the dnodeiium, but the lumen issooii restored. 

The umbilical hernia which is found between the i o mttu antt the 40 mtn. stage 
may fall to reEum within the abdorntnal cavity (p, 191) and may be present at birth. 


Tic. 212. — 'I'ransversc fcctjcm through the same emhr^'o as fig. 11. but 150^ more 
Cfiudallv, Compare with ihe preceding fin^re aod obseni'c (hat the " bllffa 
omen calls " cummiinioaEcS with fhe f^cncnll pfrilOlien! (Rn.’ity at ihis lei'el. 



The vitcIlo-inteBtinal dues (p. iSS) may rnnain patent as a consutuent of the 
umbilical cord or its proximal pare may petsist as a ' Mcokera divctti^lum,* •which 
may at may not be anchored to the umbilicus by a fibrous band. In its simplest form a 

• E. M. Tench, X f 59 p 

t Comult in this cojuiexton t " A Contribution to the Morphology of the Human Uro- 
gcnjtil Trart/' by D- Berry Hart, JeamoJ £r/ AnaHmy and Pk\rnolo^, 35, iftOl, 
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" Meek eVs diverticulum " Lb a shorty Siie-liJcc pr^tru^i^m frpni the iiniimc^coTenc border 
of the ileum dbout thret: feet above the Ueo-colic valv^. 

Rotation of the gut {p. 1 ) may fail to occur. In thew the colt^n occupies the 
itity lower portion of the abdominal cavity' and has no eonnoxion with the grcaier 
omentum : the duodenuin may be spirally coiled and the superior me&enteric vessels 
paaa either behind it or to its left side. 

The fljecLim may mtaln its fcctal form with an apical vermiform appendis. It may 
fail to descend and U then found in front of the right kidney In dose relarion to the 
vJseeral surface of the liver. Occasionally it lies in the transverse mesocolon. 

The separation of the cntodermal cloaca into ventral and doraal portions may be 
incomplete. The recturn then opens into the bladder^ urethra or vagina and the 
anus is imperforate. The cojidition of imperrojnp.Ee anus may occur wiEhoui other 
ahnottnalities;. In some casca it is due to persistence of the aoaf membrane ; in 
otliers ^ th e colon may end blindly^ cons idemhly alxivc the 1 evd of the pelvic floor. The 
proetddar^um may or moy not be present. 

On account of its mode of development tlie anal canal is lined in Its |ow‘cr part by 
modi^cd skin, and in its upper pan by mucous membrane, which is cntodermal in 
origin. Abrasions or tears of the wall of the lower part of the njial iranah auch as occur 
in the condition known as anal fissure, arc exceedingly sensidve and their esfAmmation 
ecuses acute pain. On the other hand, l-csions of the upper piiri of the anal canal arc 
never associated with pain, cither subjective or objective. 

The pcHtoneuui and the omental bursa.—Before the stomach becomes 
rotatctl, two peritoneal pcjckcts, termed the right and irfi pHcUmiiifj^e/itmc 
appear on cither side in the dor^l mesogostiium. The left pneuntato-enteric 
recess is transitory and soon disappears leaving no trace+ The right recess com¬ 
municates with the peritoneal cavity by a small mouth opening to the right and 
extends cranially along the right side of the oesophagus lovvards the root of the right 
lung hud. The right wall of the recess is formed by a mesenteric fold termed the 
ctivni fiiiii. Just below the right pneumato-enicric reccaa, and sharing with it a 
common aperture of cummunication with the peritoneal cavity, is a second recess 
which ciiiends to the left in the dorsal mesogastrium. ''J'his is the panmufk^etifmc 
(formerly called the bursa omentalis)^ Its mouth extends from the oesophageal 
end of the stomach to the duodenum ; the cranial and caudal margins of this opening 
occupy the positions of the gastro-pancreatic folds of the adult and contain the left 
gastric and hepatic arteries. The pancr tali co-enteric recess docs not, at first, involve 
The mcstKlucidenum. The rotation of the stomach deepens this rece&s which lies 
dorsal to it and which extends to the left in the dorsal mesoga^^trium.* At the caudal 
end of the pncumato-enteric recess a fuj-ther peritoneal recess extends ventrally and 
separates the stomach and liver. This is termed the htpaifytnime mm. This 
comes to lie behind the ventral mcsog:astriuni and is carried caudally E>ehind the 
mesoduodenum. \\ hen the caudate lobe of the liver develops it invader the caval 
fold and then projects from it into the hepato-enterk recess. 

'Ilic cranial part of the pncumato-cntcric recess is Cut olf by the development of 
the diaphragm and forms a small serous sac, the wf/rtfcori/Wei, within the right 
pulmonary^ ligament Wtween the oesophagus and diaphragim The remainder of 
this complicated system of peritonea! recesses together constitutes the adult barm 
omenfaik and the common communication with the peritonea! cavity is xh^/onmen 
rpipioiam. Tlie caudal part of the pneumato-cnTcric recess with the hepato^enteric 
recess fomi the smperJnr recess of the bursa omcntalis in the adult and the pan- 
crcalico-enteric recess gives rise to the inferior recess of the bursa omentalis and 
i[5 cxtcnsitins- 

As the stomach enlarges the pancrealico-enteric recess keeps pace wtth it, and 
wlien I he intestines return to the abdominal cavky they come to lie caudal and 
dorsal 10 its caudal part. In its cephalic part the dorsjil wall of the recess becon^es 
prei>sed against the dorsal abdominal wall and the cappnscd pcritQne;»] laycra fuse 
(fig. Z15}. Vp to this time the dorsal mesogastrium i:t attached in the median plane, 
but as the result of the fusion the root of the mesogastrium acquires a new cur\^ed 
attachment of the dorsal wall. From the ii-stsphagus it posses tail wards and to the 
left, giving the gastrophrenic and liciiorenal ligaments E^f the adult, and then turns 
Co the right and nin.^ S4imewhat caudally and to the right along the line of the 
pancreas (fig. 205% 

• In Fmzcr* opinton the expnn^ion of the psincratico-cfneric reees4 ls the active fuetDr 
in deteimi/iuiR the mtatinn of the BCurfuieh and its diiphcemml to the left. 
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The development of the spleen in the cephalic part of the dor^ mesogastitum 
(p, 199} subdivides that part uf it into a Hcnorenal and a gastrosptenje Hgament^ The 


Fig. 213.—Diagram 10 aho^ the fusion of ihc proxfinal part of the dorsal meso- 
f^matn with the p^ritoncurti on iht poatExior qbdotnfnal wall. jNok ttlao the 
t^TivcTson of the doruil jiirEciKastriwn into the ^tiO^apli-iuC and iicno-rcnal 
tt^nicnts. 
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caudal pan of the dorsal wall of the recess remains free and growia caudatly over* 
lapping the transverse colon and the underlying coils of srnall intestine, forming the 
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gTcaier ouicjiiuiii^ Later the two layers of the transverse mcSMol&n become 
adherent to the overhanging dorsal surface of the greater omentum, $0 that the adult 
eondidon id attained {fig. 105). 

The liver nxised in the fourth week as a diverticulum from the ventriil surface of the 
fore-gut close to the point w here the kiter joins the vitelline duct {figs. 20a and 215). 
'rhia diveiriculum is lined with entoderm,and grows ventral ly and headwards into the 
septum tnmsvcrsum, giving off two solid buds of cells, which represent the right and 
the left iobes of the liver. The solid buds qf cells develop into epithelial tmbeculse, 
termed the hepatic cytiNdcFt^ w'hich branch and anastomose to form a close mesh- 
work. Ilic inten als of the meshvvork become filled w'kh capillary-Hkc vessels, 
termed and on section the organ tokos on the appearance of a v'ascular 

sponge (fig+ 21 z). These vessels arise in siiu as the result of the influence exercised 
by the entodermal cellss of the liver on the potentially angiogenic cells of the 


Fig. 2x5.—UTie liv<r with the septum trinsverBum. lluman cmbf>'diH 3 mm. toogr 
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mesenchyme of the septum transversurn." I’he invasion of the vitelline veins by 
the epithelial trabecula? of the liver 10 fottn a sinusoidal system of vessels occur? onlv 
o^'er a nKtrictcd area in a few nuimniab-t By the continued growth and ramification 
of the entodermal hepatic cylinders the mass of the liver is graduahy formed, but its 
connective tissue stroma is derived from included mesenchymal cells of the sepium 
trailsversum. The original diverticulum from the duodenum forms the bile duct, 
and from its distal part the cystic duct and gall bladder arise as a solid outgrowth 
which later acquires a lumen. The opening of the bile duct is at first in the ventral 
wall of the duodenum i later, it migrates tu the left across the dorsal (originaUv 
right) surface of die duodenum to the position which it occupies in the adult on the 
medial (or mesenteric) border. This migration of the utificc is effect^ by differ¬ 
ences in the rates of growth in different parts of the wslJe of the duodenum. 

As the liver enlarges, it projecta more and more into the abdominal cavity from 
the caudal surface of the septum transversum. In the process mesenchyme of the 
septum transversum becomes drawn out ventral to the liver to form the falciform 
and coronary ligaments, and dorsal to the liver to form the lesser omentum. These 
peritoneal folda are sometimes lemied the ventral mcsogastiiuni. .About the third 
* G* L. Stftetcr, Cimir. Embryot. IniXfi., 30* 1941, 

t H* KUm, Bioi. Ret?., 30, 1935. 




THE DEVELOPMENT OF THE SPLEEN m 

mt^nlh tbc Ever almost fills the abdominaJ cavity, and its left lobe is n«iirly as l 3 r;ge 
as its ngbt, Froin thb period the relative development of the liver is less active, 
more especially that of the left lobe, which actually uirdergpcs some degeneration 
and becomes smaller than the right; but until birth the liver remasns relatively 
larger than in the adult. 

The pancreas (figs, 2.1b and 217).—The pancix^ is det'cloped in two parts, a 
domal and a ventrah The former arisca in the latter half of the fourth week as a 

diverticulum from die dorsal wall of the duodenum a 
short distance headwards of the hepatic diverticulufUi 
and, grow'ing headwards And dorsally in the meso- 
duodenum, enters that part of the dorsal niesogas- 
trium which is forming the dorsal wall of the buisd 
omentalis. It forms the whole of the neck, body snd 
tail of the pancreas and a part of the head. The 
ventral part appears in the form of a diverticulum 
from the pritniiive bile duct at the point where the 
latter opens into the duodenum, 'rhis diverticulum 
b at first double, but the tw 0 outgrovvthi soon fuse, 
and the diverticulLim, now a single mass, groi^^ 
round the gut into the mesoduodctium, where it 
enlarges to form the remainder of the head of the 
gland * The duct of the dorsal part (accessory 
pancreatic duct) therefore opens dinceUy into the iluodcnuni, while that of the 
ventral part (pancreaiic duct) opens with the bile duct* Early in the seventh 
week the two parts of the 
pancreas meet and fuse, and 
a communication Ls cstab* 
lished between their ducts 
(fig. 217). After this has 
occurred the terminal part 
of the accessory duct, i.e. 
the part betivccn the duo¬ 
denum and the point of 
meeting of the two ducts, 
undergoes little or no en¬ 
largement while the duct 
of the ventral part increases 
in size and forms the ter¬ 
minal part of the main duct 
of the gbnd. The opening 
of the accessory duct into 
the duodenum is sometimes 
obliterated, and, even when 
it remains patent, it is probable that the whole of the pancreatic secretion is 
con veyed through the main duct. 

At first the body of the pancreas is directed headw arda and doisally betw^cen the 
two layers of the Aorsal mesogastrium, in the dorsal wall of the bursa omentalis^ 
When tins wall fuses with the dorsal parietal peritoneum the process extends tail- 
w^ards as far as the caudal (inferior] border of the pancreas^ and thus, in the adult, the 
gknd becomes rctropcritcmeal. 

The spleen (figSw 21 and ^03.).—Although the spleen is not a constituent part of 
the digest! VC s>'st cm, it is convenient to refer to its development here. It appears about 
the sixth week as 0 localised thickening of the crdomic epithelium of the dorsal 
mcsogastiium in its cephalic portion, and the proliferating cells invade the under¬ 
lying mesenchyme, which has become condensed Eind vascuLarised, The process 
occurs simultaneously in several adjoining areas which soon fuse to form a lobulated 
spleen, derived in part from the ecelomic epithelium and in part from the mesen¬ 
chyme in the dorsal mesogastrium. j!^ the organ enlarges it projects to the left, so 
that its surfacea come to be covered with the peritoneum of the greater sac, Wben 
fusion occurs between the dorsal wall of the lesser sac and the dorsal parietal 
peritoneum, the process docs not extend so far to the left as the spleen (fig. A13), 
* P. N. B. Dd^r?, y. /^^ar., 65, 


Fig. 117.—Inter Riajjc in the devtTopmenl thc|>anerca* 
in a huimn embryo, !M|W- long. (After Strwtec.) 



F|0. a 16,—DiBir™rn of Bfi titrly 
in the dcvelopnlcrit df ihe 
pftnere» in a hurnAit cfnbi:>'o^ 
7'S mm, long, {After Strctlcr.) 
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which remains connccicd to the doraaJ abdominal wall by a short Ifcnioirenal ligament^ 
while its primitive connexion with the stomach petsis]^ as the gastmsplcnic ligament 
The earlier lobulated character of the organ disappears but is indicated by the 
presence of notches on its upper border in the adult. 

The respirator^' organs.—The rudiment of the respiratory oi^ns appears in 
the fourth week as a median hiry/igo-tracheal gro<fVe Ln the ventraJ of the 
pharynx. The groove deepens and its Kps fuse to form a septump which converts 
the groove into £i tube^ termed the Jofyngo-tradteai tube (fig. 21S). The process of 
fusion commences at the caudal end of the groove and c?ctends headw ards, hut it 
docs not involve the cephalic end of the groove^ where the lips remain separate, 
bounding a sltdike aperture^ through which the tube opens into the pharynx. The 
tube is lined with entoderm^ and from this the epithelial lining of the respiratory 
tract is developed^ The cephalic part of the rube forms the laiynXp and its succeed¬ 
ing part the trachea, while from its caudal end two lateral outgrowths arise and form 
the stem bronchi and the right and left img^uds. These grow into the pleural 


Fig, 318.—Didimu^ ta ahow the closure of the lars-ngo-tmcheal (jtimvc and ii^ lepa- 
mibn fnarri the osophai^ in the Iflttcr part of the fourth w tek r {Mikt Streocer.) 
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coeloms and are therefore covered with splanchnic mesench^nue (fig. aio), from 
which the connective rissue of the bronchi and lungs is developed/ 

The first rudiment of the larynx consists of the cephalic end of the laryngo¬ 
tracheal groove, bounded venirally by the caudal part of the hypobranchial eminence 
(p. 183) and on each side by the ventral ends of the sixth arch (Frazer). Two 
arytenoid swellings appear, one on each side of the groov^c (fig, 197)^ and, as they 
enlarge, they become approximated to each other, and to the caudal pari of the 
hypobranchial eminence (fig^ 197b w’hich the epiglottis is developed. The 
upper aperture of the larynx is at first a venical slit, W'hidi is converted into a 
T-shaped cicfi by the enlargement of the arytenoid swellings ; ihc vertical limb of 
the T lies between the two arytenoid swellings and its horizontal Umb between them 
and the epiglottis. Soon after its appearance the epithelial walls of the cleft adhere 
to each other, and the aperture of the larynx remains occluded until the third month 
when its lumen is reg^ned- 'I'hc upgrowth of the ary tenoid swellings and the 
deepening of the primitive arycpiglomc folds form the w'alb of the vestibule and 
leave iU aperture above the level of the primitive apicrturc, which now correspon^ls 
to the level of the glottis. I'he aTytcnoid swellings arc difTcrcntlatcd into the 
Biyicnoid and comiculatc cartilages, and the folds joining them to the epiglottis 
fom the aryepiglotric folds, in which the cuneiform cartilages arc developed as 
derivatives of the epiglottis. The thyreoid cartilage is de^ ebped from the ventral 
ends of the cartilages of the fourth or fourth and fifth bnmehia] arches ; it appears as 
two lateral plates, each chondriiied from tivo ocntics and united in the mid- 
ventral line by membrane in which an additional centre of chondrification 
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devdops. The cricoid Cftittbgc arises from t^vo cartilaginous centres, which sodu 
unite ventrally, md giadually extend and ultimately fuse on the dorsal surface 

of the tube (jfr oho p. It8 }. , , . . l i 

’Phe right and left lung-buds make their appearance before the lar>iigt)-trachcal 
groove is converted into a tube. They grow out into the pleural pi^ges raudd to 
the ducts of Cuvier (fig, 215), and divide into lobules, three appearing pn the right, 
and n™ on the left hing-bud ; these subdivisions are the early indications of the 
corresponding lobes of the lungs (figs, aip and 220). The buds undergo firmer sub¬ 
division and ramification, and ultimately end in minute expanded eictrtmitiea^the 
infundibula of the lung. After the sixth month the air-S 3 CS begin to make their 
appearance on the infundibula in the form of minute pouches. During the course 
of their development (he lungs niigrate in a caudal direetion, so that by the time of 
birth the bifurcation of the trachea is opposite the fourth thoracic vertebra. As the 
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Fig. 220 ,—-'rhe lun^s oT a hmnnn ernbr^'D 
(14 a inni, Hong) in th^ ewly part of ihc 
sixth Wetk. (After Stmtrr, Contr. 
CATfiegr InfUn.^ 



!urig& grow they project into the pleural p2^gc$ (fig. 222) and the splanchnic 
mcdodcnn enveloping the lung rudiment espands on thn growing lung and is con¬ 
verted into the pulmonarj^ pleura. 


THE DEVELOPMENT OF THE BODY-CAVITIES 

Fhe formation of the intra-ombn onk carlom and the manner in ivhkh it com¬ 
municates %Aith the ex^tra-embr^tsnic ccelom have already been described (p. 79). 
After the formatir>n of the head fold the pericardium coTnmunieatrt dor^ly with 
the coelamic ducta which open caiidaliy into the peritoneal cavity. When the lung 
buds develop they project into the cchelomic ducts which may now be termed the 
pieuFui cotloms and their communications with the pcncardtal and peritoneal 
coeloms become the plmropcFicuFdmt and pi^roptritorifai respcctiiely 

(fig 21 ^} 

A ri.dge of lisauc, termed the rtdg^, de^dops on the bteral aide of the 

pleural coelom and partly encircles the pleuropericardial eanal. The ridge is con¬ 
tinuous dorsally with the septum transversum. ^rhe developing lung bud abuts on 
the ridge which gives rise to two diverging membranes meeting at the ^ptum 
tnmsvcrsujn. One of these is cnmially placed and ia termed the pleiiropfrkmdjal 
meNibrafir ; within its stibstarice is the duct of Cuvier and the phrenic nerve which 
reach the septum tranavefsum by this routes Fhe other membrane is caudally 
placed and is termed the pkuroperlto^eiif rntmifFane. As the apical part of the lung 
forms it invades the body-wail and e?ctends cranially on the of the duet 

of Cu\ier, carrying with it an extrusion of the pleunil passage to fom the definitive 
pleural sac. In this way the duct of Cuvier and the phrenie nerve come to lie medi¬ 
ally in the mediastinum" I’hc pleuropericardial canal, which lies medial to the vessel 

c ^3 G.A, 
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is lOTTowtd to a slit which is soon ohlittrated by the and htunn 

of its margi na {fig. 222). J ts doauru occurs early and is nminly cfferctcd by the growt li 
and cKpansion of the aurroundjng viscera^ the heart, lnng$, tradieu and oesophagus 

and not by active growth of the pkijivipericardEal 
Fig. 131 ,—Sdipm* showing siagEfi membrane across the opening lo (he ft>ot of the 

lung (lig. 222]. 

In addition lo its extension in a headward 
direction the lung enlarges vcntrally and medi- 
alJyv and the pleura is therefore carried into ihc 
body-wall over the surface of the pericardium, 
thkis separating ic from the laterii thoracic walls 
(fig. Z33). 

I'lic separation of the pleural and peritoneal 
cavities from each other is ertbetedhy the develup- 
menl of the diaphragm. The septum tran&vcrsum 
at first forms a sheet of meSijderm, caudal to the 
periciirdial cavity and extending from the vcnlral 
and lateral regions of the body wall to the forcgui. 
Dnn^l to it on either side k the plcuroperiloncal 
oifial. The liver grows inio the septuni tnins- 
veraum which now can he seen lo consist of tw cj 
parts. CJne part , termed the pats dmphm^mafica,, 
is disposed in the transverse plane and lies o%'cr 
the convex cranial surface of the liver. 'I'he <Pthcr 
part, the p&rs mesefUma*, lies in the iricdiansagitiiil 
plane and is expanded by the developing liver. At 
this ^tage the liver is vt idcly attached to the pars 
diaphragniadcu and to the ventral abdominal 
wallr These aiiachmenTS are the forerunners of the coronary^ and triangular ligaTnents 
and of the frtlcifuitn ligament respectively. Medial to the pleuroperitoneal canals are 
the oesophagus and stomach with the dorsal mesenten^ and at the rrjot of the latter the 
dorsal aorta. Donsilalcral To the canals are the pleuroperitoneal membranes, which re¬ 
main small; dorsully are tlie Wolffian Iwidy, supnnrcnats and gonads^ Just as the 
cnlaigemcnt of the pleural cavity headwards and vcnirally isetfectedby a process of 
burrowing into the in>dy-walh fio its caudal enlargemcni iseffeaed in the same wavn 
The expanding pleural cavities extend into the mesciderm dorsal to the suprarenai 
gland*, gonads and Wolffian body. This mesoderm is peeled otf the do real bodv- 
wall to form a subsianlJal ponitm of the lumbar pan of the diaphragm. The 
pleuroperitoneal canal is closed by the fusion of its edge* which are carried toward* 
one another by the growth of the organs surrounding it and in particular of the 
suprarenal w hich carries the dorsal margin ventrally lo meet the parsdiaphragmaiica 
of the septum transversum^* The right pleuroperitoneal canal cIcKes earlier than 
the left. It is therefore on the left that an abnormal comm uni cat icm between the 
pleural and peritoneal cavities most fret^uently otxurs. The further development 
of the peritoneal cavity has already been described (p. 1-96). 

While these chan^ arc in progress, the septum transveraum undergoes a 
progressive dteratiem in position. In a human embryo, 2 mm. long^ the dnraal 
border of the septum trunsvct^um lies Opposite the second cervical segment, but m 
the embry o grenvs, and the heart enlarges, it migrates in a caudal direction. \\t hrsi 
the vcntrul Iwrder moves tnort rapidly than the dorsal border, but after the embrvo 
has attained a length of 5 tnm. it ts the dorsal border w'hich migrates more rapidly 
(fig. 221). Witen the dorsal border of the septum transversum lies opposite the 
fourth cervical segment, the phrenic nerve (C 3, 4 and 5) and portions of the 
corresponding myoiomes grow into it and accompany it in its later migrations. It 
is not until the end of the second month that the dorsal border of the septum 
transversum comes to Ue opptMiic the last thoracic and fim lumbar segments the 
position w hich is occupied by its derivative, the diaphregm, tn the adult. 

The devitopmntt 0 /tfie diaphragm .—The dnsurc of the pleuroperitoneal openings 
completes a mesodermal partition 'which separates the thoracic from the abdominal 
viscera and occupies the position of the diaphragm in the adult. This panition has a 
composite origin. The sternal and costal parts are derived almiist cxcEusivcIv from 
* L. J. WvUi, Embryai. i’anicg. lnatr., 35, 1954 . 
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ihc pans diaphragfnatica of the septum iransvcreum with s very small contribution 
dorsilateially from the pleuroperitoneal membrane and from the chest wall (costal 


Fig. 22a ,—a view, from the doisal up«ct, inio the ihw«o-abdofniool part of 

the c<lftoni of n l^unruin embryo t'S mm, ^I'irth week.} (Fforn i 

riHKiel b>" Piptr.) 
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portion), in fnjnt of ihe oesopha|?cal hiatus is a small comribution from the gdstro- 
hepatic ligament which is derived from the pars mesenteTip of the septum trans- 
ver&iim- lictwten the cjcsophageal and aortic hiatuses it is formed in the dorsal 

Fig, laj.—TnmAverec section of a ai mm. humfln embryo, ahow^ how the pleuTsl sacs 
extend ventrally an each «dc of the perlwdsum. SemidiflHrsmmiitic. 


xVfMfdJ orcA 

Podaior cardinal 
erifi 


Aw 


Rifjht pltnml Mc 


Bvikt atrium 




^rinfht 
.Sgmpathdtic 

adiM^ a^nia 
Leji hionthu-i 
Left lung 


Lffl pttursl 


Sttf.^Tht imnn iiiJj»f« tbfl idart«»m of gmtJi isf ilae pfcunl »Kh 


tnesentcry. The remainder of the lumbar part of the diaphragm is formed in the 
nwsodenn around the abdominal aorta and more laterally in ihe mesoderm of the 
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doi^l body v^iAi bchuid the suprarenal, Wohfiaji body ahd gntiad,* Some atiihor- 
ities consider that much greater areas of the aduU diaphragm arc derived frcun ihe 
pleuroperitoneal membranes and from the chest wall. 


Fjo, 3i4.“JnfcjTer jurhice of the Iihcm'ing the derivation of the different parts, 

CAfter 1 _ J. We] In, Oonir. Cant^. jfnjOj., 35. 10S4-) 
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Gaps between the lumbar and costaj portions of the diaphrapn arc due to 
undcr-dcvelopmeni of the latter. 

Premusclc tissue, derived principally from the fourth cervical inyoiome, invades 
the septum transversum as already described and from there extends into the rest of 
the partition, giving rise to the muscukr diaphragm (fig. 23:4), 


THE DEVELOPMENT OF THE UR 0 GEN 11 \AL ORGANS 

The excretory and reproductive organs arc developed from the mesoderm of the 
intermediate cell mas (p. 77) and they arc intimately associated w ith one another 
especially in the earlier stages of their development. 

Typically, in lower vertebrates, the intemiedkie cell mass is divided into a scries 
of segments, the nclfh/Qroirtfs, each of which develops a cavity, termed the nepltro- 
foe/e^ which communicates with the coelom through an opening called the pentoneai 
/ufmeL In each se^ent the dorsal wall of the nephrotome is evaginated tg form a 
ncphric tubule which communicates with the nephrocoele by means of a nephro- 
stome. The outer ends of the earlier developed nephrtc tubules bend caudally and 
fuse 10 form a longitudinally runr^ing cKCnrtary duct, termed the frhwiary excretory 
which grows first caudally and then vent rally to open into the doaca. The 
more caudally pkccd and later developed tubules o^n secondarily into this duct or 
into tubular outgrow ths from it. The glomeruli arise from the ventral wall of the 
ncphrococle (internal glomeruli) or in the roof of the iiKhm adjacent to the peri¬ 
toneal funnels (external glomeruli) or in both situations (fig. 225). ^ 

It has been customary to regard the excretory^ sv'stcm aa consisting of three 

• L. J. Wells. 
















iiufi 

XtphTwUime 

yephraeoele 

Ptrii 0 Nr *4 

Qlvmtrniut 


FcIIK r) 


I’HE DEVELOPMENT OF THE UROGENITAL ORGANS 305 

organs, the pronephros, mesonephros and metanephros, which succeed one awnher 
in time and apace. The last of these to develop is retained as the permanent kidney. 

It must be noted however that it is ^ ,hew the d«iv.ti™ of 

impossible to provide reliabje I nephrownw. (After Fvlix.l 

thal distini^ish them as individuaJ 
or to define their precise limits 
in the embryos of all iiftimals. A 
pronephros ean not be dist ingMishcd as 
a separate organ in man. The earliest 
and mc^t cranially situated nephric 
tubules are rudimentary and transient 
and are often rc?gardcd as marking the 
proncphric region. This region merges 
cautblly without a dear line of 
demarcation Into liie mesonephros- 
Tn the human enthr^o the devdop- 
ment of nephrutomes and their 

cavitation to form nephrocodea which . . , 

communiLate with the codom is confined to the levels of the most cranial sonutes. 
From about the level of the eighth somite caudally the mesoderm of the intermediate 
cell-mass is fused into an unsegmcnied column, icrmed the nrphrf^mk cord. Th^ 
is connected ai irrfjgukr intervals with the codomic cpithdium. No nephne 
tubules are developed at the most cranially-siluated levels. 

The primary exmlory duff begins lo develop 
l'ic3. 216.—DfHgnun showing staKCfi in embr^'os of about somites (13 ^4 days) 

in ihe development of tht nephric ^ 3 solid oxtd of cells in tlie dorsal part of the 
tubules and MalpiKhiaii COT- cord. At ihh stage its cranial end 

p«et«of(Aficr ninth somite 

and its caudal end merges with the imdiffereti- 
tilted mesoderm of the nephrogenic cord. It 
begins to differentiate before^ and b at first not 
ctinncctcd with, any nephric tubules. In older 
embnofi il haa lengthened and Its caudal end 
has become detached from the nephrogenic 
cord to lie immediately beneath tile ectoderm. 
From this level this rod of cells grows eaudally, 
independently of the nephrogenic eord» and then 
curv es vcntrally to reach the v^^all of the cloaca. 
It bccotnea canalised progressively iti 

cranial end to form a duct which opens into 
the cloaca in embryos of 4 to 5 mm, length 
(about 28 days). 

Thf mfsourfrhros .—The tt^pfirir are 

firet indicated as clusters of cells in the 
nephrogenic cord. In regions cmtilal to the 
priinan,' cstcrelory duct these dusters develop 
no further. More eaudally similar clnatcrs of 
n A tti# luiwk ia ■ epitJwdiiJ tniu aDDcar and bect^me vesicular. The donsal 

h™, «,ih tb. p.u«.rr ^,jcretor!.' 

duet, whilst their central ends are connected 
with the coelomic cplthdium by cellular strands 
which probably reprcfient mdirnentar^' peri¬ 
toneal fijnnda. Glomeruli are not developed 

in association with thwsc crania llynsitualvd nephric tubules w^ich arc destined 
to disappear. It is di»ubtfu1 whether extemaJ gloroeruh develop m the human 
embryo.* 'I'he rudimentan- nephrie tubules constitute the pronephros of earlier 

"' '^Cauiil to this is the mesonephros. It extends back to the Icv^el of the third 
lumbar segment and its nephric tubule® are more completely differentiated and 
distinct inicroal f-lomcnili are formed. As in the more cranial rcgioTi. each tubule 
first appeals as a mass of cells which becomes hollowed m the centre. One end of 

* 1\ W. Totrev^ConU. Kndfryofr Cjtniv*{. Inatn., 35 , 10S4- 
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the S'edicic gro^^'s tovi'^rds and opens into the primary' excretory duert which rruiy now 
be tetmed the mrsonephnc duct^ whilst the other end becomes dilated and h in- 
vagtnated by a tuft of blood vessel supplied by a lateral branch of the aorta to fortn 


FiO, £ 27 .^—Schentd^ ba«ed oit 337ji to ^how the ranmntfon of the pelvia of the 
ureter and the itleCinephrogenic cap. 
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an internal glon^emlus (Bg, 226). In alh ii ht esiiniatcd that about 70 to Bo tubules 
and a corresponding number of glomemlt, which are not segmental in thetr arrange¬ 
ment, dev'elop. All these tubules, however^ are not present at the same time and It is 
rare to lind mom than 30 to 40 in any individual enihryn, for the cranial tubules and 


Fio. 1*if«isverae tection through the tower part of the abdomen of n human 

embryo, 9 weeka old, flhawinR the copnexiorw and relative poftliom of the 
atnictures derived from the mcaoncphric ridye. 
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glomeruli atrophy and disappear before the development of those which arc 
situated more caudally. By the end of the sixth week the mesonephros forms an 
elongated spindle-shaped organ which projects into the cirelomic cavity on each side 
of the dorsal mcscnicry from the septum iransv^ersum to the third lumbar segment 
This projection is termed the fntaonephne ridge and the genitaj gland is developed 
on its medial surface. 
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'[’HE DEVELOPMENT OF THE KIDNEY 

In both scscs (he cephalic cdtJ qf the raeatincphroa amiphies and disappe^, 

ajid in tmbrji'DS nf 20 mm. length tin; argan is found only in tht first thfcc luinbar 
Sl;gmcnts^ alihfjugh it may still possess as many as t\vcnty-si>s tubules," t)i these 
tubiiLt^s the cephalic six to tv.'clve pereisi to form the efferent liuets of fht and 
the lobules of the head of the epulidytnls, in the male, and the tuhuli^of ihcrpoi^p/wron. 
in the female ; the caudal tuhuks fomi ihe dueius aherrofti and the f>af^id)'vt!s, tn 
the male, and the paroophoron^ in the female. ^ 

'I’he mrsaitephne duet runs tail wards In the lateral pact of ihe mesonephric 
ridge, at the caudal end of which it is projecteti into the cavity of the calom in 
the free border of a mesodermaJ fold {fig, 22 S). As the ducts approach the 
genital sinus the two folds fuse with each other, between the hladdcr ventiaUyt 


Fig. 3 aQ,—fection ihrou^h the pchie pail of a hinnan embryo, JobKow 
the formution of the j^enital cord emd the ingoinfll fotds. (rnwri Qujixn * 
^ementt of Anotomy^ I t edition. ™L i, ■" Em.br)i'olog>'.') 



and the rectum, domllv, fonning across the ca\-ity of the pelvis a transvcrac 
partition which « termed the gemlal ford (fig, 229), In the male the peritoneal 
b»sa between the bladder and the genital cord becomes obliterated, but it persists 
in tbe female as the uterovesical pouch. The mesonephne duct itself becoin^ 
the canal of the cpitlidvmis, the vas deferens and the cjaculator)' duct m the 
male, and it later gives rise to a divcrtieulum which for™ the seminal vesicle. 
In the female it constitutes the horizoniiil duct of the epMphomn, ... 

The metanephros, or permanent kidney, has a twofold ongiti. .\t about the 
: tnm. stage an outgrowth forms from the dorsal and medial aspem of the m^- 
nephric diTct, near die point at which it opens into the cloaca. This ouigmwth is 
iht ureteric divtrfieulum, and it travels dorsally at fimt and then mehnes headwards. 
Its blind extretnitv, which grows into the caudal end of the nephrogenic cor , 
becomes expanded and the adjoining mesoderm condenses around it to form tte 
m«trt«ephr>^ericnfi (fig. 227). The presence of the actively^ wing extremity of the 
utGteric diverticulum may be regarded as an important factor m determining the 
differentiation of the mesoderm, and it may be noted tha^d cases where the ureter 
fsiilfl to dcvelopi no metancplirogenic cap b formed^ The stalk of the uretenc 
diverticulum becomes the ureter, and its espanded end gives ongm not only to the 
pdvb of the ureter and the calyces but also to the collecting tubules of the kidney, 

• This mds&ive de^cntniTkKi of ihe moTe cithiihI luhules h deKribed hy Felbc tn Kcibel 
nud MhIFs HumoO Embryidyjffy, but nppturs to hdre no parallel in dOitr mammals. 
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The secreting and convoluted tiibuJc3 and the rcnul corpuscles aie aU derived from 
the metancphrogcnic cap. As a resuk^ the blind ends of the secreting tubules must 
establish communication with the blind ends of the collecting tubules ; should they 
fail to do congenital cysts of the kidney will be formed. 

ITie expanded extremity of the ureter givea origin to four collcctiiig tubules of 
the 6rst order and itself forms the primitive renal pelvis. Each of these tubules ends 
in an ampuIJated eKtremity'p which gives rise to collecting tubules of the second 
order. These, in turn, give rise to collecting tubules of the third order^ and so on. 
In some animals the four collecting tubules of the first order arc taken into the renal 
pelvis, which then presents a single renal papilla and no subdivision into caLycean 
In man., however^ collecting tubules of the fir^t and second order persist and 
constitute, respectively^ the major and minor calyces, while the tubuks of the third 


Fig. 130.— Tt^mvetx scctian thmufih the pch'is of n nine weeks old human 
embr>'n, tnnlcH showing the appro^cimation of the gvnital ( 5 ord 10 the doevil WoL 
of the uEtsgcnilBl sanus^ 
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and fourth orders arc taken into (he minor calyces u hich, therefore, directly receive 
die openings of the collecting tubules of the fifth order. ^ 

WTien it first appeare the rudiment of the kidney lira in the pelvic reeion but 
as the ureteric otitgiouth lengthens, it grows headwords and, by the time the 
embryo has attained a length of 13 mm., its expanded pelvis lira on a level -iviih the 
second lumbar vertebra. During this period the developing kidnev receives its 
bloodnsupply from arteries in its immediate neighbourhood, the middle sacral and 
common iliac arteries, but the definitive renal arterv is not recognisable until the 
banning of the third month. Ttarisesfrom the most caudal of the thtmt suprarenal 
arteries, all of which represent persistent mesonephric or lateral splanchnic atterira 
(p, 170). Additional renal arteries are by no means uncommon. They may enter 
at the hilum or at ^e upper or lower pole of the gland, and they also represent oer- 
alsteut mesonephric arteries. ' ^ 

At an early stage the kidney Is a lobulatcd organ, a condition which persisu 
through fmtal life but disappeara during the first year after birth. ^ 

The ureter undergoes little alteration, save that it grows in length in conformitv 
With the embryo. Two fusiform enlargements appear subsequently, one afleetinB 
its lumbar and the other its pehne portion. The lumbar enlargement appears during 
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the fifth month, but the pchic enlargement does not develop until the ninth month 
and \& not constant. As a result the ureter show^ a conatrictlon at its upper end and 
another as it crosses the brim of the pelvis. A third constriction is alway's present at 
its lower end, and is caused by the growth of the bladder wall. 

At first ihc ureter is connected to the dorsal and medial aspect of the mesonephric 
duct but, owing to diflercnces in rates of growtli, it comes to be connected to the 
lateral aspect of that structure. Thereafter the caudal end of the duct becomes in¬ 
corporated in the developing bladder and the orifice of the ureter opens into the 
bladder on the lateral side of the opening of the duct. Later the two orifices become 
separated $ti]] further and. although the ureter retains its point of entry into the 
bladder, the mesonephric duct opens into thst part of the urogenital sinus which 
subsequently becomes the prostadc urethra. 


Fig. 331.—Port of tho vcsJco-umhriiS portion of The enlodermal cloaca of tt ftmnlc 
human Enibr>t», anJ a kitlf to nine weeks olid. {DraW'n fixiftl A model bv 

Kcibcl.) 





The paramesoncphric (Mullerian) duces, »>hich arc dcstii^ed to pUy a very 
Important part in the development of the reproductive sj’stem in the female, do not 
begin to develop until the embryo roaehea a Icn^h of lO'i 2 mm. (beginning of sixth 
week). Each commences as a groovc'like invagination of the ctclomic epithelium on 
the lateral a«pect of the mesonephric ridge near its cephalic end, and its blind 
end grows tail wards in the ridge as a solid rod of cells tvhich acquires a lumen as 
it Icn^cns. Throughout the extent of the mesonephros it lies on the lateral side of 
the mesonephric duct. At the caudal end of the mesonephros, which it reaches in 
the mghth week, it bends medially {fig. 334. - 4 ) and crosses ventral to the meso¬ 
nephric duct to enter the genital cord (figa. 229 and 230), where it bends caudally in 
chiac apposition with its fellow of the opposite side. The two ducts reach the dorsal 
wall of the urogenital sinus during the third month, and their blind ends produce an 
elevation on it termed the Mulferim tubfreje or mittettee (fig. 2ti). Each para- 
mesonephric duct consists of an upper vcrdeal, an intermediate horiaontal, and a 
lower vertical pordon. The upper vertical part forms the uterine tube, and the 
original erdomic invagination remains as the pelvic opening of the tube, the fimbriae 
becoming defined os the cephalic end of the mesonephros degenerates. The lower 
vertical parts of the two ducts fuse with each other to form the u/eroe<ag(it(r/ canal. 
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and as the ulenne section enbrgos it takes in the IwriKontal parts to fomni the fundus 
and most of the body of the adult utcius. 

The caudal end of the uterovaginal canal becomes occluded by the prolireration 
of its lining epitheliuin^ which gives rise to the formation of a central and two lateral 
vaginal bulbs.* llicsc solid epithelial masses esetend taihvards (fig, zjz 
Increasing the aiiw of the area of contact of the vagina with the urogenital sinus and 
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c, Tbi Moditwci m full tetm. 


forming a conspicuous projection on the dorsal wall of the latter. The vagina grows 
much more mpidly than the surrounding parts and, owing to the way in which m 
caudal end enlarges and encroaches on the dorsal wall of the urogenital sinus, that 
structure becomes definitely shortened (fig. 2 %z, B). 'fhe sol id mass of cells destined 
to form the vagina later becomes canalised and the cavity so fomicd communicates 
at its cephalic end with the uterov'aginal canaL A circular fiange-hke growth of 

* }. Hmsit Fmicr and Aff« Bloomfkid, J, Anal.^ iijig. alia A. K„ KofT, 

C*intr,EmhfytA. Cairwu- IiutJi.^ 24, IQJJ- 
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cpiihelia] i:clls occurs at ihc ut^rtivagirtal junction and its centra] cells ljtc:r break 
doivn to form the fomices of the vagina. Fnr a time the cavity of the vagina is 
separated from that of the un)gvriital sinus by a septum cansisting of two byers ; 
of these the inner is a layer of vaginal bulb tissue and the outer is a layer formed by the 
wall of the urogenital sinus. The septum subsequently breaks down in its central 
part to form the hymeneal orifice, while its peripheral part persists as the hynt^n 
(fig. 2^2, C), The caudal part of the urogenital sinus now receives two openings, viz* 
that of the urethra and that of the vagina (fig. zjz, The part of the sinus caudal 
to these two openings forms the vcatibnIeK which+ after the rupture of the urogenital 
membranep opens on the surface through a cleft bounded on each side by the genital 
fold (labium minus) (fig. 232, C), 

The account given above is the one most generally accepted^ but Zuckerman’s 
work * on the effect produced on the vaginal epithelium in monkeys by the injection 
of endocrine secretions suggests thatp in these animals^ the urogenital sinus epi¬ 
thelium plays a much larger part in the formation of the lining of the vagina. 

In the male the paramcsonephric duct atrophies^ but a vestige of its cephalic end 
persists as the appmdtx ieslis^ 'I'he fused terminal portions of the two ducts (fig. 230) 
form the prostaiic afncley which opens into the floor of the prostatic part of the 
urethra. 


Fic. aj j.—Dtugram* of ratly stages in the development of the avary. The E^irlomie 
cpithcliuin is Ahuwi) m the coveting Jayrt in eech 
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The Germ Celia. -The precise origin of the prlmoniial germ cM, or primiiite 
srx cells, is still uncertain but compannivc cmbryological evidence strongly suggests 
that they are deri ved either from the pri mitive entoderm (p. or from a stem -cell 
common to them and lo the primitive cnlodcrmal cells.f ^ 

In the human embry^o they have been identified early in the fourth week (tj 
somite stagc),t ihcv were pt^nt in the entoderm caudal end and 

adjoining ™f of the yolk-sac. With the completion of the tail fo d they arc found 
in the entotlerm and splanchnic mesoderm of the hindgtit aa well as m the neigh¬ 
bouring wall of the yolk-sac. Increasing in number by mitoses, they mignite 
actively hv amoeboid movements tn a dorsal and cranial direction in the dorsal 
mesenterv and they pass laterally round the dorsal angle of the cxclom to reach the 
medial aspect of the mesonephric ridge+ which is the site of development of the 

gonad or genital glandn , h . ^ . - . . » 

The genital glands. -The first indication of the formation of the genital gland 
is the appearance of an area of thickened epithelium on the medial side of the meso¬ 
nephric ridge in the fifth w'cek. Elsewhere on the surface of the ridge the ctnlomic 
epithelium is one or ttvo cells thick, but over the genital area it is many layered. 

‘ S. Zud<erman, BeW Her . Ig, r i>40. 

tM. L. lti>unoureH Anti, des Kf. 17 p IQM i*"d B. [L Willkr, Jour. Exper. 

ZcMjJ.. 46, 1037 ' 

; K. Witwhi, Conir. EmhryA. ■Carnv^, Instn., 
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The thlckemn^ rapidly cjctcnds in a longitudinaJ direcdc^n until it covert nearly the 
whole of the me^dial surface of the rid^e. The thichcned epithelium continued to 
proliferate displacing the glomerular corpuscles of the mesonephros in a dor&i- 
lateral dircctionp and forming a projection into the coelomic cavity which tertned 
the geniiaf rutgt. Surface depressifms form along the limits of the ridge, which is 
thus connecicd to the mesonephros by sin originally broad mefogrjritnir. In this way 
the mesonephric ridge becomes subdivided imo a lateral part containing the 
mesonephric and para mesonephric ducts^ which may he tcnncd the fold, and 


Fin. 334 .—’DiHgtamSi 10 ihaw the dcv'clopmcmt of the rralr ami remair fi^nenitive 
qrfi^iiiia from a comitiaili type i(]ifter Allen '[ 1 iainflon)l. A, canditiofi i|t the 
embryo nt the bcfhnnLoiH of the third month. Bl 'Phe female t^'pe of lexutl 
organji, C* “"live nkale type of acauiil organa. 

^IT^e paramfsorirphHc duct qnd derivAiivcs are shown in blue i the 
mrsonrphmn, iXA duet md their derivitjves on? shown in red. The broken 
blue and red lines ifidioue that the atmetures tihown, normnny disappear^ 
The parddidii'Tilis ii «linwn tn III., but is not labelled. 



jp. AppmdH offlpidiayirufc Aj. AppeaduL fHEtt. B.BldJdff. C.CIa*^ Duenu dercfiTiM, 

Eptt. li;pJdid>TdiL EJ, Ei*CUJfttnry durt. lipoSplicma. Gj:. UctiiEkI coed. O^r OlKt of epotobcitvi. 
G.i. Gubcnwnjlorn leaEiL Gtr CubcTTMeufum. Mr MeKtnephrw. M^ti, Pirui»*<mvf»hnc du^ 
Q. 0}fmjyu OJ. Ovwm Ii«MmniL P. PknOplionn. fV. PrcuiiE*. Pm. Ptmemilc uirick. R. R«cnnn, 
UJ, Fpund bj^mmEtlE of urcrw, A’.f, Scuai W^PiL S’-a- Senicii^ VExktc, U- UrrttT. t/r, Utrdifi," 
t/-t. LTrosenM unu. U. UEenifl. UA. UdcKm tuho. F. VifUu, WaI. Meteotphric duct. 


a medial part, termed the^-flwVu/ fold. I'he tubal fold contains t|je nephrk tubules 
and glomeruli at its base (fig. siS). 

Up to the seventh week the genital gland possesses no differentiating features. 
The proliferating epithelium now forms a number of cellular corda, separated by 
mesenchyme. Tn tiie male all the progenitors of the definitive sejt cells become 
incorporated in the cords, but in the female a large number remsin behind under the 
surface epithelium. At this stage in the male, an extension of the mesenchyme cuts 
off the Sistis cards from the surface and rapidly thickens to form the timk& albuginea. 
In the female there is nothing compmble with the tunica albuginea and this 
offers a feature which serves to distinguish the testis from the ovary after the end of 
the second month.* 

The testis.—The cellular cords lengthen, partly by additions from the cceIouiic 

* For Ueiaili we J - D. Boyd imd W. J, Hjimilion in K, Bown, Afoiirrp^ Trmdi m Ohiirirtct 
Eiifd GvNiteeotiOfyy Lcmdori, 1955+ 
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tpithclium» and their inner eiidg converge towards the site of the hiium^ where they 
unite in a network which ultimately becomes the rfte trstis. Ihc outer parts of the 
testis cords become enlarged and form the seminifemiiB tubuics. In the fourth 
(lunar) month the testis is mvaded by a prohferation of the mcsenchyrnc of the 
mesonephroB. The incoming mesenchymal cells occupy the intcr^'als between the 
$ex celb and for a considerable period constitute more than one baLf of the volume 
of the organ."* In the later months of feemi life these cells undergo atrophy and 


F|0. 5^—Part of taEl^nd of a Kumdn embr^o^ cif^kt and a ksEF LO nine 

K-eeks old, (Drawn from a modtE by Kcibrl.) 
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degeneration^ but small clusters of them persist to form the interstitial cells in the 

testis of the adult. 1 . 1 

The cords of the rctc testis become connected to the glomcnjlar capsules * m the 
cephalic end of the persisting part of the mesonephros, and the glomerular tufts 
concerned become atrophied. The rete cords thus become connected to the 
mesonephric duct by the five to twelve most cephalic of the persisting tubules and 
these become exceedingly convoluted and form the lobules of the head of the 
epididymis. The mesonephric duct, which was the primitive ureter of the meso- 
nephrt^, becomes the canaJ of the cpidid^Tnis and the deferena of the testis. 
The seminiferous tubules do oot acquire Lumina until the seventh month, but the 
rete tubules do so at a somewhat earlier stage. 

* J* QiUnun, Cwilr.Emtryi^. Cameg. Initn^ ^ 194^^ 
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The ovary*—In its earliest st^cs the ov^- do^ly resenihles the testis, altiiough 
It is B!o%ver Id difTerentisite and to take on its characteristically female appearance. 
The sex cords of the inJiifercni stage extend through the gland to the rei^ton of the 
htLum^ where they anastomose with one anotlier to form a retc complex* As grow th 
proceeds the cords lengthen and thicken» hut at their ctelomic ends they fotn^ 
short, narrow stalks conneeting with the c<tbmic epithelium. Tn sections of the 
ovary ifi the third and subsequent months the cords have all the appearance of 
dusters of cells which may or rmy not contain primitive sex ceils. These clusters 
arc separated from one another by fine septa of undifferentiated mesenchyiue. 

In the fifth and sixth (lunar) months the ovary is the site of a secondary invasion 
by mesenchyme from the region of the mesovariump w here it surrounds the vessels 
as they approach and enter the liilum* From there these spindle-shaped cells, w Inch 
ultimately form the stroma of the gland, invade the centml part or medulla and 
finally reach the cortex (fig. 233 C). As this invasion proceeds the cell clusters break 
up into individual groups which surround the oogonia derived from the primitiv'e 
aexcells^ becoming flattened so as to provide them with cellular capsules.* Those 
odgonia which fail to become encapsulated undergo atretic changes and disappear. 


FlO. 156.’—The lAil-ciiJ cif a hhurmn cmbiyq, abour wrclu eld. 
(DraiVn friHii n niixii:! hv Ketbel.) 
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The capsular cells enlarge and multiply to fonn tlie stratum granutosy ni and, as they 
do so, they become surrounded by thecal cells which difierttitiate from the 
stronwi (figf 333 C), Many of the primordial follicles so formed become atmiic 
and, according to the classic description, all the primordial follides disappear en¬ 
tirely to be replaced by a second generation of acx cells derived from the cmlomic 
(germij^) epitJieliumH The opponents of the classic description belitve that the bicr 
derivatives from the ™tomic epiUxellum are not odgonia but are destined to form 
capsules for uncncapsulaicd ofigonia, he. they arc * pre-granulosa? cells wldch sub- 
scquemly form the strata granuhisa fnr oOgonia derived from the primitive atx ccltei 
but not yet atretic. According to this view' the ova of the Btluli are alt direct dcri- 
vatives of the primordial germ celts, 

7 ^he d^c^rti 0/the iejiis. —At first the tcsib lies on the dor^ abdominal wall, but 
as it enlar^, Its ccplialic end degenerates, and iht organ thetefore assumes a more 
caudal position. The tefttis is attached to the mesonephric fold by a peritoneal fold 
termed the meiorchktm (fig- 22^) (the mesc^cnitak of the undi^ercntiated genitai 
gland), which cun tains the testicular vessels and nencs together with a quantitv 
of undifferentiated mcscnchvtne- In addition, it acquires a secondan^ attachment 
to the vcniniJ abdominal wall, which has a ccmsidcrahle influence on its subsequent 


J Gilhiuin, Conir.Emhryfd. Cameu, In^in., 3a, 194S. 
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movements. .-\t the point where the niesonqiliric fold bends medisUy to form the 
genital Cord (p. 207)^ it beromca connected to the lower part of the vcfitral abdominai 
wall by a fold of peritoneum which h termed the inguinaifcld (fig. ^29)^ I’he mesen¬ 
chymal cells included m the inguinal fold form a cord, which eslends From that part 
of "the skin w hich later forms the scrotinnt through the ingumal fold and the mesor- 
chlum to the lower pole of the testis. This cord later becomes a Bbromuscubr 
bundle and ts termed the tif/fj. It traverses the site of the future 

inguinal canal, which is formed around it by the muscles of the abdominal wall as 
they bccoiue differentiated. At the end of the second month the caudal part of the 
ventral abdominal wall 19 liorisfiontal but, after the return of the intestines to the 
fkcritoneal cavity (p. 191), it grows in length and assumes a vcrtiHil position. a 
result the umbilical artery pulls up a aickk^shaped peritoneal fold, as it runs 
vcnirally from tl?e dorsal to the ventral wall, and this fold forms t he media] iMundary 
of a pcdtoncal fossa into which the testis projects^ "iTiis fossa is termed the 
vogjm^is and its lower end protrudes down the inguinal canal along the guhema- 
culuiUp forming the procestus vaginalis. I'he IciW'er pole of the testis is retained in 
apposititm with the deep inguinal ring by the guliemacutum until Uic seventh 

Fu:. JJ7.— Part of the laibcnd of a human embryo, pilfcouttiK weeks old. 

(Druwri from % modeS by KeibvL) 
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month, w hen it suddenly and rapidly pases through the inguinal canal and gains the 
scrotum. As it descends it is necessarily accompanied by its peritoneal covering 
and the adjoining peritoneum from the ilbc fo^ is drawn do^ into the processus 
vaginalis. Tlie distal end of the processus vaginalis, into which the testis pmjccts, 
forms the tunica vaginalU icstiSj hut the portion associated with the spcimaiic cord 
in tJic scrotum and in the inguinal canal normally becomes Dblitcratod. 

'Fhc actual cause of the descent of the testis is still uncertain. It has been 
ascribed, bv different invcstigatois, to shortening and active contraction of the 
gubemaculum, to increased intra-abdominal pressure, to a simple grow th pro^sa, 
and lo the effect on the convex surface of the gland of the active coniraction of the 
lower fibres of the Lntjcmal oblique muscle h wrhlch squeezes it through the canals 
None of these explanations is entirely satisfactory . 

Various abnormB-lities may occur in connexion with the descent of the testis and 
tiie oh!iteration nf the proecasus vaginalis* 'fhe testis may be retained in the abdomen, 
or it mav foil ra reach the scrotum and tmy then lie in any of the following siruutiona 
(I) in the perincuin, ( 2 ) at the mot of the penis, ( 3 ) at the superficial inguinai ring. 
( 4 ) Ln the upper part of the thigh. These malpositions are asaociited with certain 
additional connexions of the bundles of the gubemaculum testis. I'hc laigesi bundle 
normally passes id the srcroium and smnller bundles gain aitadiment to the perineum* 
the root of the penis, the pubis,^ the inguinal ligament, and the neighbourhood of ihc 
saphenous Opening. The testis must follow the processus v'aginalis and, should the 
latter for any reason fultow any hui ihe scrotal bundle of the giibrmaeulum, malposition 
of the tiisEis will msult. 



2i6 embryology 

TIse pTtKT$$us vngirtidis nmy remain completely peiuir, nr m iteration may he 
incomplete. When it n:tni m & connesdort with the general peritoneal ea\'ity it provider 
a preformed sac for a potential oblique ingumaf hernia, ft may be ocelMdcd at its 
upper end and may shut off from the tunica vaginalis and yet remain patent in the 
interv ening lection. Tlie patent portion may become distended with Buid, constituting 
an encysted hycirocuele of the spermatic cord* 

Tht dcs^fni of the ocary, —Like the testia, the ovary lies at a tower level tn the 
adult than it docs in the early months of feetaj life, but it does tioi leave the pelvis to 
enter the inguiuaJ canal save under abnormal conditions. Connected to the medial 
portion of the mesdoephne fold by the mesovarium^ which is homologous with the 
meSDrehium, the o^-ary is also attached to the ventral abdominal wall through the 
medium of the inguinal fold. In this fold the fibro-mtujcular gubemaculum 
develops and, as it traverses the mesoDephric fold, it acquires an additional attach¬ 
ment to ilic cornu of the uterus ; iis lo wer portion forms the round ligament of the 


Fifi. ijS,—The tailed af ■ htimiui atihrji-o, eight and a half ro nine ivceks old, 
(Drawn from b rnodrl by KvibeL) 
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Uterus and i» upper ^ the ligament of the orary. these two structures (occilier 
being Jinmologoua with the gubernaeulum testis in the male. This new Bitachment 
servra to anchor the ovary and to restrict its movements. At first the ovarv \l 
aitached to the medial side of the mesonephric fold, but owing to the way in ^irh 
the two mesonephric folds unite to form the genital cord {p. 307) k U foim^ 
connected to the posterior layer of the broad ligament of the uicna [„ X 


The siii^ vagm^ia fomis m the female as in the male; its prolongation inm 
the ingu^ ^ 1 . which is termed the airml o/Nt^k, normnlJy undefRoa comDl^M 
obliteration, but« may remain patent and form the sac of an oblique in^inal h, ™;! 
At birth the ova^ and the comesponding end of the uterine tube lie in the ftdw 
pelvis, and they do not smli down into the true pelvis until it enbraes suffitimf 
contain both them and the bladder together mth the other pelvic viscera ' * 
The urinary bladder is formed partly from the cntodermal cloaca and nartlv 
from the ends of the mesonephric ducu. After the separation of the rectum 
the cloaca {p. t<)4), the ventral part of the latter becomes subdivided into thr^ 
portions! (i) a ceph^ic wstco~t>rvfhral/wiitm, contintions with the allantoic 
—into this portion the mesonephric ducts open ; (a) a middle, narrow channel 
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the pehi£ porfioTt ; ^md [3) a cauM phalkc portioa, closed externally by the 
tirogenltflt membrane (fig. 13S). The SMiond and ^ird parte together constitute the 
fi/ftfj, 'I'hc ureter and the meaonephric duct come to open separ^cly 
into the vesico-utcihral portion (p, zog)- The termination of the mesonephric duel 
ifl ihcjt tmnafern-d caudally so that it opens into that pan which will form the 
prostatic urethra. This occurs by the lormaiion of a laudally directed loop of 
the duet behind the urogenital sinus, followed by absorption of the apposed u'ahe, 
In this wav the micsonephnc duct participates in the formation of the tn^ne 
of the bladder and dorsal wall of the pmstatk urethra. The remaijider of the 
vesieo-urelhral portion forms the body of the bladder and part of the prosiatic 
urethra; its apex is prolonged to the umbilicus as a narrow caml, icrnted the 
urachus. In postnatal life the urachus is drawn downwards as tite bladder descen^, 
but its blind upper end TCtnains connected to one or both of the oblitcrotcd umbil¬ 
ical arteries. Its lumen is retained throughout life, and its lower end frequently 
communicates with the bladder near its apeXn* _ 1 ^ 

The prostate arises during the third month as a number of outgrowths From 


FlOr ^3^.—Trifliv^ne section ih rWEh the lower pAft af the polvit of a 
rtifi* weeks old hnniMii rfnhr>'o. 
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(h« proximal psiit of the urethra. These mugfowths, some fourteen to twenty in 
Humbert mainly from the lateral aspects of the tube, but some develop 
dorsal aspect and i few from its ventral ospocl. Most of these outgrowths form 
caudal to the orilices of the mesonephric ducts, but about onc^third occur on the 
cephalic side. The outgrowths, which are at first solid become tubular and invade 
the surrounding mesenchytue, which is being ditfcrenliatcd into muscular 

tissue. , , .... ,. 

Similar outgrowths occur in the female, but they remain m a rudimentAry condi> 

lion and form the para-urethral ducts. .. 

The ftM/6rj-ifre//;rtf/ gtaitJt in the male, and jfreo/er vetUbulur glands in the female, 
arise as diverticula from tlie epithelial lining of tlie urogenital sinus. 

The external o^ans of generation. These organs, like the geniral glands, 
pass through an indifferent stage before it is |>o*8iblc to recognise distingtiishing 
• K. C. /Inat., lAtut.. 64, rgjo. 
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scxu^ characters. A surface eki'atiun, lermed thc^*'HiV«/ iuhtrett, appears at the 
crani^ end of the doaca] membrane and lengthens to form the phaHut. Within it is 
a sagitaily placed entodcimol plate, the urrfhmi plitit [fig. ajg), which grows for¬ 
wards from the walla of the doacu and urogenital sinus towards the tip of the organ. 
'I'he lower mai^n of the plate Is in contaci with the ectoderm lining a median gnwvc, 
thepruno^' firethraigroovt, w'hich has meanwhile developed along Utc caudal surface 
of the phaUus. 'rhe ntised margins of iJic groove are named the gfrtiUii Joldt (fig. 
^ 4 ®)' Behind they surround the urogenital membnne and terminate in a transverse 
ridge immediately in front of the anus.* The rupture of the iirr>gcnital memhrane 
provides a common perinea! nrilice for both the generative and urinarv tracts at the 
base of the phalliu. This orifiioc ia bounded at the sides by the genital folds. Mean¬ 
while disintegration of the cells of the urethral plate and contiguous octuderm occurs, 
comnMMing at the base of the phallus and tuaulting in a deepening of the urethra 
which is now termed the dtjinitivt urethral grome. 

While these changes arc in progress two genital melUngt {labloserotal foldsl have 
appeared on each side of the base of the phallus and Mtend taudally, separated from 
the genital folds by distinct groovxa (figs, 339 and 340). 

/« the. iFitf/e phallus enlarges to fonn the penis and its apex ccmatituics the 
gtans. The genital swellings meet each other ventral to the anus and unite to form 
the scrotum- The genital fo] ds fuse with each other from bch ind fotwn rds e nclosing 
the phallic portion of the urogenital sbus behind to form the bulb of the urethra and 
the definitive urethral groove in front to form the greater prt of the spongy urethra 
The fusion of the folds results in the formation of a median raphe and occurs iti 
such a way tliat the lining of the urethra is mainly, if not wholly, cntodcimal in 
Qngin.t In this way, as the phallus lengthens, the urogenital orifice is carried on¬ 
wards until it reaches the glans. At the tip of the glans an ingro^ih of surface 
cpimeliuni has occurred to meet the anterior extremity of the urethral plate the 
^sintegradon of which givea rise to a groove which is entirely ectoilerma] b or’igb 
Closure of this part of ilie groove gives rise to the icmiinal part of the urethra 
contained within the glans. 

The glans penis and coronary sulcus arc recognisable bv the third month. The 
prepuce begins to develop in the third month, at a time when the urethra still 
exhibits its primary orifice at the base of the glans. A ridge consisting of a meso¬ 
dermal core covered by epithelium appears proximal to the corimsrv auleua 
and extends forwards over the glans Deep to this ridge is a solid lamella of 
epithelium which extends backwards to the base of the glans. 'rhe ventral 
extremities of the ridge curvx baekwardjs to become combuoiis w ith the eenital 
folds at the margins of the urethral orifice. As the urethral fold* meet to 
form the terminal part of the urethra the ventral horns of the ridge fuse to form 
the frenulum. Over the dorsum and sides of the glans, the epithelial lamella 
breaks dowm to form the preputial sac and thus free the prepuce from the surface 
of the glans. Thereafter the prepuce grows forwards a* 4 free fold of skin over the 
lemiinaJ part of the glans, 'Fhe preputial sac may not be complete until 6 to 13 
months or more after birth and. even then, t he presence of some connecting at rinds 
may still interfere with the retraetibility of the prepuce. * 

In the female the phallus, which exceeds the male phallus in length in the earJv 
stages, becomes the ebtons. The genital swellings remab separate a* the labia 
majont and the genital folds also remain un united, forming the labia mitiora 
The perineal orifice of the urogenital sinus is retained a* the cleft betweeri 
the labia mbora, above which the urethra and vagina open. The prcnucc 
of the clitoris develops in the same way a* the homologous structure^in the 
mile. 


The urethra.—In the female, the whole of the urethra s derived from the 
vesicD-urethral portion of the cloaca (p. a r A). It is homologous with that part of the 
proatatie urethra in the male which lies headwards of the orifices of the prosutic 
utricle and the cjacuktoiy ducts. ^ 

In the male, the piostatic part of the uretlira headwards of the orifice of the 
prostatic utricle is derived from the vesico-urethral portion of the cloaca and the 

• j^eyrdiOK to Ellsworth M. Tench Mrtrr. 7 . Iwf.. SO. I9j6) she Rcniiil fold, 
ueiu h^nd with the uu| hibcfctei. which do not fuir with r«h other in front of thT ,rm. 
unbi ■ Iftftr ■■Ju* 


fT. W, Glcnifttcr^ J- 1954 , 
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Fic. 240. —in th« devclopiiifnt ot ihe wctcmyl wxiial oihum in the 
male uiiT^nule. (M, H* Spaulding, CifMrr.Eifttiyo^. CamcK. Itiitn,, lOii-) 
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q3I]iJa 1 ends of the tnesoneptiric diict9. The Tctnsindcr of the pirosifttic 
part, the membranous part and probably the part within the bulb, arc all derived 
from the urogenital sinus ai6), nie sucoceding portion, as far as the glans, is 
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formed by the fusion of the genital folds, while the section within the glins is formed 
in th-e way dc^ribed abov«. 

The Eubjciincd table ahnwg the homologies of the various parts of the uroBenitiki 
s^'stem in the nmlc and in the female (fig. 334), 

Mau; 


iNDimRENT 
Genital gland 

Gubemacular «)rd 
Mcsonephrtie 
(T^Vglffian body) 


Mcaonephric duet 
(WolAan duct) 


Pafam«oncphnc ducts 
(Mullerian ducta) 

AllentoiE: canal 
Cloacap dorsaJ portion of 

ventral portjon of 


urogenital sinus 


Genital awcllinga 
Genital folds 
Genital tubercle 


Testis 

Gubemaculuiti testig 
(?) Appendbc of cpidi- 
dymia 

Efferent ducts of testis 
Coni vagculosi of head of 
epididymis 
Paradidymis 
DuctuJI aberrantes 
Duct of epididymis 
DuciLks deferens 
Ejaculatory duct 
Part of bladder and pro- 
static urethra 
Appendix of testis 

Prostatic utricle 
(?) Urachus 

Rectum and upper part 
of anal canal 
Moat of the uHnaxy 
bladder and part of 
prostBtic urethra 
Prostatic urethra (be¬ 
low prostatic utricle) 
Pulbo^urethral glands 

Remainder of urethra 
Scrotum 

VeJitrel aspect of penis 
Perils 


F£htALE 

Ovary 

Ligament of ovary 
Round ligament of Uterus 
(?) Appendices vesicu* 
loss 

EpcsCSphoron 


Paroophoron 
Duct flf epodphotun 


Part of bladder and 
urethra 
Uterine tubes 
Uterus 
Vagina 
(?) Urachus 
As in male 

Most of the urinary 
bladder, and the 
urethra 


Greater vestibular 
glands 
Vestibule 
Labia majoTa 
Labia minora 
Clitorii 


Cpngeniul q{ the urethn, due to orresis of development, are j^ot uinom- 

mon m the mole. The uiechm may open on the ventml aspect of the penis At the base 


'T** *“*™*Ii e«*bt>a '"i-ith ij somites. Viewed rram the left side 
(G, L. Streeter, CoHir. Emtrry<^. Canicg, Instn .., 30 , *943^) ( K 11 . 3 .) 



xV*u.—Anbiya ^ jeni^h vf a s tmn, Eu k »timiE(d m *1 ^ 

6wA iKU in fiw PtiOc mn due ta ihs pmence Ihe tnubSof ^ 


of the glans, and the portion of the urethra which 15 normaJIv within the 
absent. This constitutes the simplest form of hypatpadioj. in more severe^^ 
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tht genital folds fail to fuae^ and the urethra opens on the V'cntral aspect of a mal¬ 
formed penis just in front of the scrotum. A stiU greater degree of this rnalformotiofi is 
siroompanied by failure of the genital swclEings to unite with each Oliicr. In these 
cases the scrutuin is divided and, the tcates are frecsuenliy undescended, the resem* 
Nance lo the labia majora is vt:ty striking. Male chilcLreo suffertng fmm this deformity 
are often mistaken for girls. ^ 

Maldcvelopment of the cloaca! or urogenital membranes is a less common coltditton 
but two varieties of it can be distinguished. (1) In e 3 tffOLYrnofi 0/ th^ A/dddrr (ectopia 
vesica} * the lower part of the anlerior abdominal wall is occupied by an irregularly 
oval area, covered with mutnus membrEnc, on which the two urctep Around 

its periphery' this extroverted area, which is lined hy transidonaJ epithelium, becomes 
continuous with the skin. (i) In eJctnA'irrsjon 0/ (tw r/ocrrci the condition is very sSmilarj 
but is coroplicared by the presence of intestinal openings in the median plane. In (aj 
the cloflcul membrane is probably Bbnormally eionpted und ruptures premEturcly 
and rhroui^houi its whole extent, prior to the formation of the uroTcctal septuin. In 
{I) the midldevelopmenf occurs sifter the Bcparation of the ventral from the dorsal part 
of the cloaca. The urogenital membrane extends further headw'ards than it does in 
normal c rav e s and die genital tubercle forms at ita caudsd limit. Rupture of the mem¬ 
brane ihmws the bladder open lo the exterior. ... 

In fpispadUu the urethra opens on the dorsal aspect of the penis at its junction 
with the anterior abdominal wall. No entirely satisfactory explanation has yet been 
suggested for this anomaly. 


THE FORM OF THE EMBRYO AT DIFFERENl' STAGES 
OF ITS GROWH 

Our knowledge of the earliest stage* of the devclopmenl of the human embryo has 
undergone a ver>' rapid expansion during recent years {footnotes, pp. 66 to 71) and a 
nummary has already been given (pp- 6 B to 73)+ ^ ^ rememb^^ that by the end 

of the second week after fertilisation the ovum consists of a hollow blastocyst, contain¬ 
ing the ainnio-embr>'**tiic and the yolk-sac vesiclcsp and that the embtyonie arear 



Fig. 342 —Bight Imcril view of a haman embryo, with aS of fomitca. CR = 
length =4 mm. (xJ, ta.s.} Esrtfnated age, 37 dMj-s. (G,L. btreeter, Vantr. 
Epn 6 ri'oi. CBmcR- liutn,, 30fc 1^42^) 

emphatic 


fJpjjir limt 




first circular and later oval, is formed where the two vesicles come into contact with 
each ocher. At this stage the enihiyo has the form of n flat or gently curved plat^ 
During the third week differentiation commences in the embryonic area. The 
primitive screak and node, die head process and the neural groove appear.^ 

Bilanin-cnteric divcrTrculum is preserLt and, by the end of the period^ head and tail folds 
are tn process of formation (fig. !&t) and che first somites appear. The cloacal mem-* 

branc can be identified. - 1 1 e , . 

During the fourth week (figs. 141 End 242) the head and tail folds are completed. 

* G. M. WybumH J. AmU /W-, 71, 1937 . 
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primary cert^brAl anJ die <Fpti4: vehicles esn be recogniEtd ; the ncmrml 

groove commence? to close In the first half of die period stnd the process i& eompletetl 
before its end. The eoditpn^ vesicle ^ppenrSp but a? yet tlic face is urirccognisable. 
The position of the neck is indicated by the hTnochinl niches nod g^rooveSp &nd the 
mdiments of the liznb'bods cun be identified. Tlie Ihean fonri? a prciminent elevstion^ 
inttnedlately caudtil to the stoinadiximit und segmentation of the mesodenn, which, 
may Iwgin at the end of the thhd w'cek, is continued mid completed. The vitcllo- 
ilmhilical veins eoinmunicate w-ith the common einu-atnal chamber, the heart begins 
to bear and the embryonic citcuEation is established j ai the end of the period the 
embryo is about 3-5 mm. long. 

i n the fifth week tJic esnhiy o becomes markedly curved on itself and becomes more 
dcBmtdy pinched off from the ^'ulk-sac- l*bd cervical flescuje of the neural tube can be 
tccognised. The lens vcaicic has closed and is scpanitcd from the covering ectoderm. 


I“i0. 34.1,—A human rmbryOj about 8 mm, longn Sbtth w eek. Drawn tram a siereo- 
icapie phfitDgmph taken before fciatioriH 
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The olfactory placode^ arc prest nip and the majcilkn.^ and frouto-jiasal processes can 
be identified- The limb-buds lengthrOp the joint flexures appear and die hands and 
feet can be recognised ffig. 243). By the end of die period the crown-njmp lenirrh of 
the embryo has reached 7 mni. 

In the BtKth week the curvature of the embryo h funher increased. The head is in 
contact with the utnbUictil cord and msy Rlnioat mart ihc Eoiig, curved tail. The 
olfactory pita deepen^ and the maxillary, lateral uasil and globular procmes begin lo 
fuse. The liver forma a surface prummcnce between the heart and the umbilical cord 
The limb-buds increase in length and three segments tan be recognised in rach. ]Jy 
the end of the siTlh week the U-loop of gut has been i;jctrudcd from the ibdomen and 
the embryo hug ioefeased 10 13 mm. cmwn-rttmp lengdi. 

I n the seventh and eighth weeks the fiex^ of the head is graduall y reduced and the 
neck is somew hat lengthened. The upper lip b completed nnd the nostrils are directed 
forwards; the poJatc is not completely developed. The eyelids an; present in the 
ihapc of folds above and bdow the eyc^ and the dilTetcnt parts of the auricle ore 
distinguishable. The external gefiitatia are present and may shoiv setual differ¬ 
ences by the end of the seventh week. The tail begins to di^^ppear. The 
fingen and toes cwi be recognised. By the end of the eighth week the emb^o hat 
attained a crown-rump length of nearly 30 mm. and now pasaea into the fretai 
pedod, 

Tn the third lunar month the head h extended and the neck Ls lengthened. The 
eyelids meet and fuse, remHining closed until the end of the sixth month' The 
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Fjo. 34^—Humftr^ cmbiyot pbout 9 mm, \ms~ Siitb TArck. (Drawn ftom « 
atcrccwopic phurof^Lph.) 
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Ftu, 345,—Hum™ untbiTW, ^^bou^ 15 mm. lonjf- Sc^'cnth week. tDrtwn from a 
timoafopic phctogniph.) 
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ltmb« ajc well dcv^cbpCEi afid nnih ap|iear on the digiu^ The normal umbiDcal 
h«mia h reduced and by the end of lUh month the crown-rump IcnRih of the 
fcctus is about 55 mm. 

In the fourth lunar month lanugo appears on the body^ and by the end of the 
month the fstus has reached a Cfowfi-nimp lengdi of about to cm.* and a total 
length—i.e. including the legs—of about rg cm. 

Ehiring the fifth lunar month the first movements of the fccuts am usujilly 
observed^ The eruption of hair on the head commences, and the vemix caseosa 
begins to be deposited. By the end of this month the total length of the foetus 
is aboul; 23 cm. 

In the sixth lunar month the deposit of vt^mix caseosa Is considerable. The 
papilLie of the ahiii am developed and the eyebrows and eyelashes appear. l*he free 
borders of the naila project from the conum of the dermis. From vertex to heels 
the total length of the foetus at the end of this month is about 30 cm. 

In the seventh lunar month the pupillary membrane atmphjea, and the eyelids 
are open. ITie testis descends with the vaginal sac of the peritoneum. The skin is 
red and wrinkledp giving the fenus a prematurely aged appearance. From vertex to 


Fig. human embrya, shout 30 mm, long. End of cightti week. 



heels the total length at the end of the seventh month is about 35 ctru The weight is 
about i'5 kilograms. 

During the eighth and ninth lunar incnchB the skin is entirely coated with vemix 
caseem, fmd the l^ugo begins to disappear. SubcrutancHJUs fat has been developed to 
a considerable extent, and the fortus pftscnis a plump appearatiL-e, The nails n=a^ 
the ends of the digiesp first on the fingers and later on the toes. The total lengthy i.e. 
from head to heels, at the end of the ninth month is about 45 <=^-1 md the weight 
varies between z and 2 5 kilogmiTLS. 

At the end of the tenth lunar month the lanugo has almost entirely disappeared 
from the trunk. The umbilicus is alntosi in the middle of the body and the testes 
pre in the scrotum. The fectus weighs from 3 to 3^5 kilograms, and measures from 
head to hceU about 50 cm. w hen it is bom ot or about the end of this month. 

Pcrioil o/geifuriaa.—The duration of pregnancy extends from the dote of fertilisa¬ 
tion of the ovum until the hinh of the child. The period usually covers about 
days, i.e. ten lunar months less 14 daysp although it is ofccn described os covering 
nine calendar months. Children arc often bom prematurely and, in the cyca of the 
law, a child is viable if it is bom after the end of the seventh calendar month (middle 
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of the eighth lunar mt>nth)H Sometimes the pre^nenty laics longer than the penod 
stated and it may be the tenth calendar (eleventh lunar) month before the child is 
bom. 

In obstetric practice it b customary to date a pregnancy from the o^ci of the last 
menstruation. It has already been explained (p. gi) that the ovum is liberated on* or 
near, the fourteenth day of the menstrual cycle so that the " menstrual age *' of the 
feetu^ is about two weeks in esoess of the ** fertilisation age "V 


It 
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T he geneni! fran'kowurk of the body is built up mainly of a series of boues^ but 
these arc supplemented in certoin regions by pieces of cartilage; this bony 
and cartilsiij^incius framework conaiitkites the {%. 247^. 

In comparative anatomy tbe term skeleton has a ^^^idcr appJJeatioii, for in some of 
the lower animals hard^ protecting and supporting structures arc developed in 
iissueiati<jn ivitti the In such animals the skeleton comprises an internal or 

deep skeleton r termed the fiidoik£lffoii^ and axi external or superhcLal, termed the 
exi^sMflirUni. In tJte human subject the cxoskclclon is very mdimcnLiryp its only 
important representatives being the naitsand the ensjncl of the leetht and therefore^ 
in human AnamniVi the term skeleton is con fined to the cndoskeleton; tliis is 
divisible into an *ixifd part* which comprises the bones of the head and trunk, and an 
appcfiiliculur part, which comprises the bones of die limbsH 

'i'hc bones available for study in articulated skclccons and as separate entities 
have loccii subjected to a process of by which they have been denuded of 

ah the struirtures attached to them, vist,, muifeli^p jigamenis, periosteum and articular 
cartilage, Subaet|uciitiy they have been allowed to diy^ for a prolonged period 1 wiiis 
the result that the fat in the marrow’ biAS drained away and what is left of the niarmw 
itself iios shrivelled up, leaving the Ix^nc clean, dxy and easy to handle. 11 should be 
rcmemltcred^ however, that living bo[ic, as already stated (p, 25), pLwsegses a 
considerable degree of elasticity, ivhich Is lost tn ihe process of pre^ratuttori- 

FunctioDs of bone.—Bones provide the central axis and^it^ ft^rm to the body. 
Many of them are adapted to svfppr^rt to the weight of the body, but they may 
fulfil some additronal mndjOn, c.g. ihe thigh Itones support the weight of the body 
in staiuling, walking and runnings but they aisopwii/f the feiwt v^ hich are essential 
for locomotion^ Other bones pfftteiction to underlying or contaiued structures^ 
e.g., the crunium protects the contained brain, and the sternum and ribs overlie the 
heart and lungs and give them some me.ibaure of protectiom Others, again^ afford 
areai for tkt attoehtneiii of muscles and provide the levers which facilitate speedy and 
efficient movements, Boncs^ therefore^ conatituie an important pari of the locomotor 
apparatus of the body, but to enable them to function as levers for ihc produciion of 
ino%Tmtnts they mu«t be cunnccked by muscles, and movable joints or articulaiioriiS 
must be prese^nt where individual bones come into contact with one another, 
nones arc divisible into four classes t short, flat, and pthumuiic. 

The long bones are found in the limbs^ where they form levers; each ha 5 a 
shaft and two ends. The f/io/jf i^ tubular, and itfl central cavity u termed the 
mciiuilary entity] tlic vrall consists of dens*?, compact substance of considerable 
thickness in the middle part of the sltaft of the tx^ne, but becoming thifincr towards 
the ends; projecting into the medullary cavity there is sonic spongy substance, 
scanty in the middle of the abaft of the b<mc hul plentiful towards the ends, 'I'he 
(mis aie usually expanded for purposes of aniculatiou and muscular attachment ■ 
they consist of spongy substance covered by tlitn compact bone* and are uaually 
developed from one or more secondary or rptphviud centres of ossification (p. 

The medullary cavity and ihc spaces in the ^p*mgy substance are filled with marrow 
{medulla omom) (p. 50). 

I'hc short boQcs.—Where a part of the skeleton is intended for strength and 
compactness combined with limited movement it is constructed of a number of 
short bones, os in the carpus and These bones consist of spongy suijstante 

lUtTuunded by a thin crust of compact bone. 

"fhe flat bones.—Where the principal requircmeni of theshclcKia is to protect 
delicate structures or provide bfCKad surfaces for muscular attachmeni the bonea are 
expanded into plates* as in the skull and the ^houEder-bladeia* and are composed of 
two thin layers of compact bone separated by a variable quantity of spongv' aubstance. 
In the cranial Ixmes the kyens of compact bone art know'll as the iahltj of the skull ’ 
the outer table is thick and tough, the inner thin, detisc and brittle. The interverung 

• I'hc iitucture, phy'iical prtipert]i:H, dt-vi-lopiincm irui growth nf bontv sis bldod-tiinpk- 
ind in nervt-supi^ly, ifC tivah with on pdgrA IZ lo 31. ' 
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substance is called the dtpiae, and this, m certain regions of the skulh under- 
gt>cs absorption, and air-filled spaces, termed musts, arc left betHcen the tables of 
the skull. Such bones are termed pneumatic boncSi 

Many bones, from their peculiar form, cannot be grouped under the preceding 
heads. Thuy consist of spongy suhstance enclosed within a thin layer of compact 
bone and arc usually termed irregiilat hm^. 

Features of bones.—'rhe surfaces of hones present many and variable features, 
u hiuh call for the use of a number of special descriptive terms. Smooth areas for 
articulation ivith other bones are known as arikuhr surjazes and, when small, arc 
termed facets, but they are ofien termed favetic. A cundyk is a smooth rounded 
projection, and a trochlea is a pultey-shaped surface ; both are covered with ar¬ 
ticular cartilage in the recent stale^ 

Depressions on bony surfaces arc usually termed fossae. They may be large or 
small, rough or smooth, non-articular or articular. 

Any localised elevation or projection on a bony surface constituies a process. A 
pointed process is called a spine, but the term is frequently applied to elongated pro¬ 
cesses wnth blunt extremities, c.g. the spin^ of the vertcbnc. l*hc tcrn« tubercle and 
iuherosity arc used, without much distinction, for localised, rounded eles-aiions, 
which may possess smooth or roughened surfaces. An epicoadyle Is an elc^'ation 
placed atnjvc the articular surface of a condyle. A hamulus is a hook-like pmccas, and 
a earau a hom-bke process. A sharp, distinct ridge; whether rough or smooth, is 
termed a cresi, and if it is wide enough to po9&c^ tHVrdcrs they am known as lips^ 
A Icaw', natto'fcv ridge is termed a line. 

A bole in a bone is known as a faramra, and the tetm is often applied to the open¬ 
ing of a bony tunnel, which is termed a canai. A groove or furrow is frequently 
called 4 ruteus^ a notcli an indsura, a gap a tiiatus, and a thin sheet or plate ^lamifict. 

Many other terms arc employed occasionally^ but those already defined have The 
widest use+ 

Note.—Throughout this section ihc general fiatures of each bone described are 
set out in ordinary^ type ; the parikutuT features, which contain a good deal of detail, 
arc rel egated to emaU type. students should restrict tlmr attention to thegenerai 

features, and ihoutd not coneem ihemfdrts mth the particular features, unless thry hate 
dissected, or are dmecting^ the eorresponding part of the body. 


THE VER^rEBRAL COLUMN 

In all vertebrate animals the central axis of the body consists of a vertebral 
column. As it is cssendd that pro^^lon should be made for a considerable range 
of movement of the mink* the column cansists, not of a single elongated Inane, but of 
a number of independent, irregular banes, termed the vertebric, which arc firmly 
connected to one another but ore capable of a limited amount of movement on one 
another. 'I'he provision of a central axis is not the only function which the column 
has to subserv^c. It is built up so os to surround the spinal cord, to w^hich it affords 
necessary protection. The human vertebral ciduinn must also support the weight 
of the trunk and transmit it to the lower limbs. 

The vertebrae are grouped under the names cervicaf tltomck, lumbar^ sacral and 
coccygeal or caudal, according t <3 the region in which they lie, hut all the vertebne 
not only of man but also of all vertebrate animals, conform to a general pbn, and 
although, at first sight, there may be Httle resemblance between a cen,dcal vertebra 
of a giraffe and a human lumbar vertebra, the essential features of both will be found 
to be identical. 

THE GENEarVL CHARACTERISTICS OF A VER 1 TBEL\ 

A typical vertebra (fig. 24li) is made up of two principal parts, an anterior or 
ventral, termed the body, and a posterior or dor^, termed the vertebral arch ; these 
enclose a foramen, which is named the vertebral foramen. The opposed surfaces of 
the bodies of adjoining vertebra: arc firmly connected to each other by discs of 
fibrocartilage» termed intervertebral discs. 

In the articulated column the bodies and the intervertebral discs form a con- 
tinuotia pillar, which eonsritutes the central axia of the body and, in man, supports 


THE VERTEBR/E 


and tonamits the weight of the head and trunk. The vertebraJ foraminap pkocil 
one above anotherp coosdtiite a canal Ln which the spinal medulla is lodged and pro¬ 
tected* Between contiguous vertebree two mterverietfrai foramina, one on each 
aide, open into the canal and aerv^e for the transmission of the spinal nerves 
and vessels. 

The body of a vertebra is more or less cylindrical, but is subject Ui a wide range 
of variation in size and shape in different animals and in different regions of the 
same animal. Its upper and lower surfaces are dattened and roughened to give 
attachment to the interiiTrtebral discs. In front, it is convex from side to side and 
gently concave from above dowmwards; behind, it is flattened or slightly concave 
from side to side, and Rat from above dotvnwards* On its anterior surface there are 
a few small apertures for the passage of Dutnent vessels ; on its posteiior surface 
there is a large irregular aperture (occasionally more than one) for the exit of the 
basivertebral veins (fig. 149). 

The vertebral arch has a pair of p^dkUs and a pair of lamina ; it supports 
seven processes^ via., four artioilar and two trafu^erso processes and a spine. 

The pedicies arc a pair of shortp thick processes, vvhicli project backwards from 
the body at the jimedons of i ts and posterior surfaces* The concavities above 


Fig. 24 ^.—A t>'piPil thoriicic verevhra. Superior 



and below the pedicles are named the vertebral notcfies j and when the vertehne arc 
articulated with one another, the notches of contiguous vertebra; form the iii/rr- 
vertebral foramina, to which reference has already been made. 

The lamina are broad plates directed backwards and medially from the pedicles. 
They fuse in the spine posteriorly^ and so complete the posterior boundar)^ of the 
vertebral foramcm 

The spine is directed backwards and downvT'ards frotn the junction of the 
laminiitp and scnxs for the attachment of muscles and ligaments. The spines are 
subject to great variations in size, shape and direction; they provide a series of 
levers for the movement of extension, or straightening, of the vertebral column and, 
to a l^er degree, for the movement of loTation. 

The orfioilar processes, two superioT and two inferior, spring fmtti the junctions 
of the pedicles and lamina. The superior processes project upw^ards, and their 
articular sutfaces face more or less backwards ; the inferior project downwards, and 
their articular surfaces face more or less forwTirds, These processes meet the cor¬ 
responding processes of the adjoining vertebnc and, while permitting a certain 
degree of fiiovcmcni, definitely control and restrict its range. 

The transverte processes project laterally from the junctions of the pedicles and 
lamirue ■ they sers^c for the attachment of muscles and ligaments and are the levers 
by means of which the rotator^^ and kteral movements of the vertebra: can be 
e^ccted^ In addition, in the thoracic region they articulate with and limit the move¬ 
ments of the nhs. 



Z^o OSTEOLOGY 

The eUment^ dcveltip as essential conatitucnt parts of each vertebral arch* 
In certain regions (to man, the thoracic region only) they become independent units 
—tlie ribs —Vhhich ardculote with the vertebral column. In oilier regions they 
remain stimlcd and, almost unrecognisable in form^ become fused with the vertebm;. 
OriginaUy protective in function, in higher forma they also act as levers tvhich play 
an important part in the movements of respiration. 

Structure of a vertebra (fig, ^9 )p — ^* rbe hody of a vertebra is composed of 
spongy substance covered by a thin coating of compaci bone, which presents 
nttmeroi4S orifices for the passage of vessels ; the ulterior of the body is traversed by 
one or two large canals^ for the transmis&iDn of vcina, which con verge towards the 
Urge aperture on the posterEpr surface. On the upper and lower surfaces of the 
body the coating of compact bone ia thinner than dsewhere^ but, in the vcrtcbnil arch 
and the poKCSses projecting from it^ it is considerably thicker than it is in the body. 



Fig. m^EHn aagiRal aKtion thrQuj;;h n lurnbar vcrrtchni. 


THE INDWinUAL MiRTEBRM 

In ilte light of this description of a typical vertebra it is now pp.s§ible to study the 
individual vertebnr of ihc human vertebral column, and obsen’c how ihe essential 
features ore modified in the dilTerent regtons. In each region the vertebTH; exhibit 
certain group characters, but atypical characters make their appearance at the tipper 
and Lower limits of each region for the purpose of adapting the vertebne concerned 
to their neighbours*^ 

In man the ccr^^ical vcrtchrac are seven in number; die thoracic, tivcKx : the 
lumbar, five t the sacral, five; and the coccygeal, tour i maldnE a total of thirty- 
three* The cervical, thoracic and lumbar vertebra; axe separate bones throughout 
life and are therefore known as the flwrafifc v^Uhrrr ; the sacral and coccygeal on 
the other hond^ are termed Jlx^J rffXeArrf, because^ owing to the necessity for 
stability in this part of the column in man, they are united in the adult to fom two 
bones, \iz, the MfTWW and the £0££yx^ 


THE CERVICAL VERTEBR.^ [VERTERR.E CERVICALES] 

The cervical vertebrae (figs. 250,256), seven in number, are the smohest of the 
movable vertebne and am be identified easily owing to the peculiaiity of their trans¬ 
verse processes, each of which is perforated by a foramen. The first, second and 
sctxnth cervical vertebra present specUl distinguishing features, but the remaining 
four conform to a common type. 

A typical ccrvlcsl vertebra.—General features.—The body js small and is 
broader from side to side than from before backwards. The vrFfehr&I foramen is 
large in proportion to the sIzjC of the body and tt is triangular in outtinCi These t^vo 
feature? arc accounted for, in part, by the direction of the pf^jrWrj, w hich project 
laterally as w^ell os backwards (fig* 350)* The superior and inferior vertebral notcJies 
arc ahnnst equal, for the pedicle is attached to the body nearly midway between its 
upper and lower borders. The tamm^e are relatively long and nartow', and are 
thinner above than below. The jpine Is sliort and bifid and its terminal tubercles are 




THE CERVICAL VEllTEBR.T. 

often unequal in si2e. The tupmor and m/mor ardaiiiiF processes fomri an orticoiaf 
piJtar, which projects latcraLly at the jtinctioti of the pedicle and lamina. The trms- 
verse proeess Ls pierced by the/oramett tr&im.^ersanum (fig. 250). Ii consists of an 
anterior and a posterior root, connected to each other on the lateral side of the 
foramen tranEversarium by a bar of bone, often termed the costofransversebor. 'rhe 
anterior root^ the costoimnsverse bar, the posterior tubercle and the immediatciy ad¬ 
joining part of the pckSieri&r root are homologous with the rib in the thoracic region * 
the riiat of the posterior root is the homologue of the thoridc transverse proce?a» 
Particular feature*.—^I'he sorfaee of thr b<niy is convex from side to sidcj 

and its upptr and lower borders give attachment to the hbrea of the anlerior lonci- 


Fio. ISO.—A tepicflil cer^Tcil ^^rtebra. Superior aspect. 
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tudinal hRamcnt. On each side of the ligament a sliiiht depression gives attachnicnt 
to fibres of the vertical portion of the longua cervicis niusde. Tlie posfmor swrf^e 
is flattened and presents near its centre two or tnon: vasCulBr foTurnina, which 
transmit the basivertebral veins. Its upper and lower bojrders give attochmem 
to the poslerior lungitudinjil jii^aiiicnt. The superiar sifr/aee h concave transvec^ly 
and has nn upwardly projecting lip on each side (fig. S5®) * antenor border 
may he slightly bevelled. The mftrior surface is saddle-shaped^ being convex 


ElC- 351,—A typical pervioil vertebra- Left lateral atpeet- 
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from side to ride and concaTpT; from before backivards. Its bevelled kicml bonier ia 
DccaaionaLEv separated frotn the projecting Up of the upper aurfaoe of the vcjrtefans ticlow 
by a small cleft in fhc interne rtebral disc which appears at the age of ^or lo y«irft* nnd 
has hitherto been described inaccurately as a synovial joint, rhcanlcrior border of the 
lower surface projects dow^iwards and hidt$ the rnumertchral disc. The upper bor¬ 
ders of the lainlnit and the lower part of their anterior surfaces give attachment to the 
ligamenia flava. The spinous processes gh c attachment to ibe ligpnenmm nuchac 
and to a number of the deep musclcA of ihe back of the occkH via. symispinalis thoniris, 
mujtiUdus. jnicrsptnales, spinalii cervicis and semispinalis cervicis. 

The articular pillars of the third and fourth i^crvjcal vertebra are grooved on 
ihclr lateral aspects by the dorsal rami of the tlttmtJ and fourth cervical nerv^cs, which 

♦CL Tondury, AmL EntK. 111, S94J- 
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pass backvh^arda across them. The superior Articular facets mrc flat 0 ri 4 oval in 
nutline s they arc direoted backwards and upwards. 'ITie inferior ardcukr factis, 
similar in shape, arc dtrected forwtirds and downwards. In all but the seventh 
cempflt Vertebra the foramen iransversarium transniiUi the v^fitebral artery and 
veins and a branch from the inferidj: ccrvdcAl jianKlion of the sympalhctic trunk. The 
antcri[)r nwl nf the imnsvcrse process ends in a rou^h tubercle, which ^vts atrach- 
meiii to I he icalcntiii anTerior, the longus capitia and the obliq ue parrinns of the lonj^us 
ccrvicis muscles, llic antericpr tubercle of the transverse pn>oess of the sbtth cervical 
vertabra |a cribit^cd and lira posterior to the enmmon can^tid mtciy, which can be 
ctHTipressed ai^inst it. lE is therefore temied the enrotixl tahirtit. The citHotreiiisvmr 
har is obljqiic in the third ccnicaJ vertebra, passing downwards, backwards sind 
laterally : in the fourth also $1 k oblique^ but it k dighily gmovctl by the emerging 
ventral fiunus of the fourth corvical ntrvt. In the fifth^ the grt>ove i^ deeper, and in 
the sLstth it is conspicuously wide and shallow, llic pii^terior nMit of the transverse 
process tcmiinatcs ktcrally in a rounded tubercle^ which lies lateral to the anterior 
tubercle and a I a lowcf Icvcl in all except the sixchp in which the two tubercles lie 
approximately on the son-ke plane. 

The pcsieritar tubercles giiix attachment to a number of muscles, jncludJng levator 
scapula, scalenus medJus (which extends forkvards ot% to the ccatotnAmvirrse hat)* 
scalenus posterior, splcnius cer\ 1 ciSf tongissimus cenidcis ivnd costocciviciilis. 

The first cervical vertebm-—General features i The first cervical vertebru 
(fig, 252 ] Is named the Atlas^ because it supports tive globe of the head. It diflera 


FlWp 253.—‘The first eer\'iail vertebra, or aiLu. Superinr upeeU 
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froni all tJie oiher vertebra in having no body, and iln» ia due to the fact that (he 
centniin (p. *49) of the atlas has fused with (be centrum of the second cen ical 
vertebra. In addmon, it has no spine. The atlas consists of two bulky hteral 
MMTjrf. connected to each otlier in front by a short atHertor at(k, and behind bv a 
long, curved, pottm«r arch. It dterefore forms a ring of bone. When tfie atlas md 
die second OTvncal wrtcbni are articulated together, an upward projection from the 
latter, ivhrch is termed the dens (otiotitoid pmocss) and is the centrum of the atlas 
coma into position behind die anicrior ardi, and ihe tescmhlance to u vertehn! 
IB restored (fig, 252). 

The antftiM arth is slighdy curvet! from side to side, with a forward eonvejiitv 
which » accentuated by the presence of a itiuglicned. mttrm ttibenU. Tts twsterior 
surface is marked by a tnedum, oral or dreutd facet, which articulates with d^ front 
of the odontoid process. I he laieru! is set obliquely, and im long axis runs 
forwards sind medially. Its upper surface forma an elongated, concav* facet for 
articulation with the promment condyle of the occipital bone of the skull Tlie 
inferior surface bears a ttcariy circular faist, flattened or geotiv concave for atdcul 1 
tion ividi the superior facets of the second cervical vertebra. The totteriar /.rrk 
forms almut tw o-fifths of the ring. Its upper surface shows a wide groove imnie^ 
aicly behind tlic laleml muss and its spinous process is represented bi% small rtiij,»K 
P»tirtiar itihrwcU. 1 hc iranittne pnftti is miitfiuaJtv long (fig. ajfi/and as a result 



PLATE 1 



L«tcnkl ndiDifT^ph pf ttie iupk>- Poftitiv'e print. Htc ^Tvictl curve qT the vrptEbrxl 
raluinn i» well shown, i'hc nmv.'n point, t, to the pharj-npcel pmt of the toniCMe: 

lo the epiglnttlt : 3, to the body of the h>^id bone : +, to the thyreoid eortikgep which 
n ufiiiErgqin^ caldEcdtiati t 5^ to the interiOT tuberck of the itbta r and 6p to the ipinouv 
prooeec of the uk. 

In front of the body of the first tharadc VErtebn^ 1 pert of ihc epci of the limg 
show* Ai a narrowp clwf am which cronct ths opacity caujed by the cwphjigui and 
encroftchea very alighily on the broad eie&r area cbusn by the prcacnoc of air in the trjiehea^ 



PLATE H 



Oblique: ngbt lntcnl view of lunibiu^ pan nf veitebrml eolumn in a youth 

of 17 ynin. ^ 

I, Gif m nsbt colk Note fucojliiiont of coton. a, Jointj of lumfairverte 

hral irchtf, 3- llliic cmti, pofterior parti, 4- [mervcncbnl diW bomcen S t and S ^ 
5. of wnl hi«^. Note iJie of S.3 m m>t itntrtd in ihi, Ditimt 

A, I&K p*K of ireumt line of pchia, which he* tn the Hue of c™i*miaaiofi of wdohi to 
Um 3 ifctabulutti (^) and the held of ibo femur. 7. Edge of f rtfltcT iciatk ciot^ H An* 
teiiar iziftrior iliafi apinc. 9. AlarRiu of acetabulum. 10. Gai fn rectinn. 11^ An ortefteL 
Note that the anterior lupenor iliac >ptn« lief imnicdiately to the left of lumc of 
the mow. ^ 


fame 


It ihould be obierved that, in lateral vicw-f nf the vertebral calunm and the oelTia 
ic catifuaion due to overiappinK of the riBht and left lidef ia imivoidibte ^ " 
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tlie width the! atks^ mea&iirtrd from tip to tip of k$ ttraiisvcrsc pnxi^^u^p gr^tl^ 
escecdi lhal of any otlie^r Mn’iL'iiJ vertebra^ excejpt the seventh, Vhe length and 
strength of these trailsvcree processes enablers them to fiinelion as adequate k'Vet^ 
for the mtaiory niovcTncnts of the head, w'hieh ane etfected by the rotation of the 
shull and the atlas around the pivot prov ided by the dens oi the scctmd ccnncal 
vertebra. 

Particular features,—'['he anierior tfiherch Rives attachmenf to the anterior 
longitudinal Lfgaruent in tlic ntedlan plane : its Lateral aspect provider iosertion far 
the upper oblique portion of the longus cen'icU muscle. The upper and lower borders 
of the Aufen'or arch attHciinient respectively to the inLcrior atlant{:3-c>ccipit4l 
membrane and the lateral fibres of the anterior longitudinal bgament (anterior 
atlELOlu-axiiil nrleltibraiie)^ 'Fhe superior articLllar facet of the lalemi mast is dlfCCted 
upwards and medially and is admifably adapted to the ntKlding movements of the 
head^ which occur at rhe aiianto-occipitol joints. It is usually constricted near its 
midd le and may be subdiv tded into two separate a rcas. its margiiis give attachmen L to 
the ArEicular capsule of the atlwitOHJCcIpjial joints 'Khe inferior ai-ticula.T facet is 
directed downwards^ mi^dtolly and slightly bockwnrda ^ its nurgina give attacimient to 
the artitulor capsule of the utlsntn-a^iol juinl. The medial aspect of the lateral mass 
presents a small roughened tubercle for the attachniciit of tlie transverse ligiiment of 
the atlos (hg, 4t3j)F w hich pa.'nws behind the dens sod helps to retain it in place. This 
tigoment divides the nng of the Atlas ioto un autciint, sumaller port, which contains the 
dens (hgr 25ah and a posterior, larger part, which transmits the spinal medulla and its 
membranes. Immediately ribnvc the mmutc tubercle which represents tbe anteriur 
tubercle of thv transverse princess of a tii^icaE L-en,-ical vertehm U'idf rh/ra), the 
iiiuerior UGpect ot the lateral ma^is otTgin to rhe rectus capitia anrerlor mu»c1e. 

The poiii^wr tub^rrf^ gives nttachmetit in the median plane to the ligamemurn 
nucha;!* and, On each sidc^ to the rectus capitis [>osterior minor. Its aimdl si:/e prevents 
it from interfering with the nodding mLW'cmerits of the head. The upper surface of 
the jfHjj/fn'or iirc/t is grooi'cd ajitcriorly, where it is overhung on each side by the 
late^ moss. The groove irunaniits the vertebral artery, which winds backwards 
and medially round the posterior aspect nf the lateral tn^9 (%. 41:15)r Occ^ionally 
the groove for the vertcbml artery is converted into a foramen by u bony spicule which 
arches backwards from the posterior part of the upper surface of the lateral maflS* 
The Srsi cen'ical nervc> os it emerges from the vertebral canai^ intervenes between 
the vettcbnil orterv' and its groove (fig. 4s>5). Behind the gTOOVT, on each flidc, the 
upper botderof the posterior arch gives aitiLchment to the posterior atlanto-ni^ecipltal 
mcmbnine; Its lower border gives aiiacJiment to the highest pair of ligamente Hava. 

'i'he Length of the tmmt frre pn^rtis and its functioi^ SEgnificaiice have already 
been considered. Its dnwn-tumcd extremity* which is homologous wi^h the posterior 
tubercle of the tramverse process of a typical cervical venebta, may be felt through 
tlie skin between the tip of the maiitoid process and the angle of tLic mandible. Iti 
rcctrRnitLon Is not easy% for it lies deeply under cover of ihe parotid gbnd. Numerous 
tuuscles are attached to the proCcFis, 'fhe rectus capitis lateralis^ anteriorly, and the 
suptfiof oblique muscle of the bead* posteriorly, arise from its upper surface ; the 
inferior obliftuc museLc of thv head is inserted Into the lower aspect of lliccjctremity of 
the transverae pr(K!eK5r while rht levator scapula? takes origin fmfrn it^ Itiicral margin 
and lower border, concealing the uppi'TTnosi slip i*f Eitsertion of the iplenius cervids 
and ilstif often hithlcn by the ciriKin of the scalenus mcilius. ,V small, often imper¬ 
ceptible^ luberclc may be present on the anterior surface of the lulerai mass ; It repre¬ 
sents the anterior tubercle of the iepical transverse proet'w, (hat the rrsn$ver« 
process of the atlas LurnfSponds to the posterior root and the costotnuisv'crse bar of the 
oclicr ceiricfil vertebnv. ThtJ ventral rurnus of the first ccjw'ieaJ nerve njna forward's 
on the lateral surface of the tLiteral mass and tEwn turns downwarck ocrogs the anterior 
surfnee of tbe transvcrtc process. it doe* so it is covered hy the internal jugular 
vein, w hich is crossed in tbi^j: siiiiaiion by the accessory nerve jind ihc occipital artery. 

The second cervical vertebra.—General features: The second cervical 
vertebra* which Is named the Axis {figa. 255^ iS+)r provides the pivot upOf\ w'hich 
the atlos^ and with it the skuEl, rotate. It can be distinguished easily frofxi the other 
vertebrae by means of the strong, toolhlikc process, xmtned the dc»s {whriivrdprocest)^ 
which projects upwards fmin the hody^ I'hc process bears on its anterior surface a 
Small oval facet for aiticuktion with the facet on the posterior surface of the anterior 
arch of the ados, and posteriorly it is grooved slightly by a ligament which helps to 
retain it in pi:Mition ffig. 253), On each side a largc^ oval or ctrcular facet h l>omc on 
the lateral part of the upper surface of the body and the adjoining part of the pedicle 
for articulation with the inferior facet of tbe lateral mots of tbe atlas. The 
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arc thick and stiting and the vertebnL fonuiieii h large and ronm^. The fpme is^ 
large and very atrpngt for it hw to proxide atcachmEnts not only for muiaeles which 


Fic, 2JJ.—The Kcond cervical venebti, or uii eh)iqiie view, from above afid behiiHl. 
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extend the neck but abo for miucles which retract the head and route it from aide 
to side. Tlie triamm0 protr^^s^ on the other hand, ta very small smd its blimt tip, 
which siiox *'3 00 differentiation into anterior and posterior tubercles, represents the 
true posterior tubercle only, llic foramen transvcrsitriuni is directed upwards and 


Fig. 254,—TTw Mscund ccrvinal or axis. Left Imim] e;«ficct. 
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laterally. The iafmtrr articuliir fa^eft look downwards and forw ards, as the)- do to 
the typical cerv^ical vencbrfe+ 

Pariiculu' feiUures.—I'hL- dtm is conical in ^pc and about 1-5 cm^ fonu; it it 
TOnstricted below, where it lies in contact pcateriorly with the transveoc ligament of 
ihc atlaa. A bursa is UHoally interposed betw^et-n the bone and the ligamimt. The apex 
is pointed and givea attachment to the apical ligamenr (p, 471), Below the ape* the 
aides of the process are flatiefied where the aUr ligomenta me attached (fig. 155). In 
structurc the dens ia composed of more compact hone than the body. 'Fhc upper 
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siurTac^ of the b nlir^Eaircd by the dens nnd the superior unieubr f&ecta. Jl» wi- 
terior aurface presenta- a hulkm'ed out itnpre^iDii an side of the mediEin plunc 
for the insertion of vcrtiml iibres of the eolii muscle. The lower border iriv'cs 

attachment to the antencr lon^^iiudinal h'l^irkent, und its downward projection b a 
chanictcnstic fcsituTe of the axis. Posteriorly the lower border of the body gives 
attachment to the postenor longitudmal ligament and lo the mrmbniiia teemrla whkh 
represents its upward continuation to the occipital iKsne 471], The pi^ichs are 
stout and thu inferior vertebral tiotehei are deep, in eonlrast with the superior notches, 
which arc sesroely descemible. The Immuit are thicker and stronger than the lamitmcr 
of any of the other cervical r^rrlebrae i they prtwidc attachment for the ligatncnla 
flava. I’hc coarse^ strong j^/noirr pntrtit gives origin to the inferior oblique muscle^ 
which arises from a rough impression on its lateral aspect, and also lo the rectua 
capitis pwlcrior major^ which arises from its posterior border, 'J'he wide gap at its 
esetmmity gives attachmeni to the ligamentum nucha;. Tn addition it receives the 
insertions of pcirtionfi of the semispinalb eervicis, spinalis cer^^kis, intcrspinalis and 
multiftdus. 'ilie/omflicn fremn rrw/rkw/ is directed upwards and laterally as. imlng 


FlCI. 255.—The seventh cervical Vertehni. Viewed frern abov^:. 
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to the ditference in length between the tnms^'erse process of the axis and that of the 
dtUa, the vertebral artery' must deviate in a lateral direction after leaving the axis. The 
rnariirt^ri'e pn^cm n smalL arid its anterior tubercle is situated at or near the point 
where the anterior part of the process reaches the body : in ihb rcapeet if reaernbics 
the anterior tubercle of the fransvem^ process tif the stlas^ Its exlremity gives origin 
to the levator scapulae otid, mnne antenorLvp to the scalenTis medius : more po?iterioTiy, 
it gives insertion to the spkniuS cervicis- Intertrans^eme muscles (p. 5^} also gam 
attachment 10 its upper and lower surfaces. 

The seventh cervical vertebra*—General features: 'l*hc sevcnib cervical 
vertebra (fig, 255) b named the Vffffhm prominMs becaiiBc of its long spinous pro¬ 
cess, the tip of which can be fch throagh ihe shin at the lower end of the nuchal 
furrow. This process is thick atid nearly horizon tnj in direction ; it is mt hi fur* 
cated but ends in a tubercle. I'hc fmnjtwjf procewt ate of considerable mux and 
thcLr posterior parts arc krgc and proiiiEneni. Tlic anterior parts arc usually skndcr, 
but tliey may form separate bones, whkh aipe then known as een^ieci/ ti^s. The 
foramert tratisvmanum is relatively small; it b sometimes dutdskp of it may 
he cnttreLy absent. 

ParricuLar features.—The tip of the spinmis process bivcs attachment to the lower 
end of the hj^metituni nuchw, as well as to a number of muscles. These include the 
irapcziuii, rhnmboideus minorp serrmtus ixHiterior superior, apknius cervids, semi- 
spinalis thoracis, spiivalis cervieb, interspinales and multihdus. The fotamen imjif- 
rrrtttrium is traversed by an adccssory vertebroJ vein or veins ! it is traversed by the 
vertebral artery only on very rare occasions. The costotransverse bar of the tmirnme 
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proiTttiy whitzh ahuWK a ahatlow iroove for vantral rarnus of C,7fc is oftcti ]^rtly 
deficient, 'I’hc prominent posterior tubercle Rivca odgiri to the scalenus minimus^ 
when It is present and to the aponeumiic layer of fascia which cos'crs the ocnicftl dome 
of the pleura [supimpleural membrane]. It® lower border gives origin to the highest 
df the jevatores cosiartim muscles. 


Fig. js 6.—Ttie cemcal vertebra. Anterior Mpeot, 



THE THORACIC \'ERTEER.^ 

The tfioradc vertebra (figs, 34S, 257, 25S), twelve in number, show a gnidtial 
increase in si2e from above dowTiivards, All are distingubhed by the presence of 
facets on the sides of the bodies, and alJ but the last two (sometimes three) by facets 
on the transverse processes ^ the former arttcukte with the heads of the ribs and 
the latter with the tubercles of the ribs. 

The firstp ninthi tenth, eleventh and twelfth thoracic vertebra present certain 
peculiarities and must be considered separately^ The others^ although showing 
individual dlffcrcncea of a minor degree, conform to a comman type. 

General features.^—The body of a typical thoracic vertebra (fig^ 2^ fij re¬ 
sembles in shape a convemJonal heart from a playing-card, and its anteroposterior 
and transverse measuremcnia are nearly equal. On each side it beara two costal 
faceU ; the supenor facela are usually the larger and are placed on the upper border 
near the root of the pedicle; the inferior arc situated on the lower border of 
the body just in front of the inferior vertebral notch. The miebral foramen is 
relatively small, and its circubr outline may be associated with the fact that the 
pedicles show no lateral deviation as they pass backwards from the body. This 
accounts also for the shortness of the larnime, w hich arc broad and thick and overlap 
each other from above. The spinous process is long and is directed downw'ards and 
backwards. Tlie sH^rior ortimlar processes are thin pbtes of bone which project 
upwards at the junction of the laminae and pedicles x their articular facets are almost 
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flul iLTnl 4irc diriected bicku'ards and a litilc laterally and upu-arda. 'fke infenor 
process^ are fused W the lateral ends of the lamiriis ; their articular facets 
are directed fonv'arda and slightly downwards and medially. The transvmf process 
is a substantklp club-shaped projection which springs from the vertebral arch ai the 
junction of the lamina and pedicle. It is directed laienilly and backwards and bears 
on its anterior aspect, near its extremity, a facet fur articulation with ihc tubercle of 
the numerically corresponding rib. 

The first thoracic vertebra is distinguished by the character of the upper facets 
on the aides of the body^ which are circular in outline, as each articulates with the 
whole of the head of the first ri b. The lower facets are small and semi lunar in shape. 
The spine is thick, long and horizontal; it can be identihed easily in the living 
subject, for it forms a visible projection below the spine of the vertebra prominent* 
The nlntli thoracic vertebra may possess all the features of a typical thoracic 
vertebra, but it often fails to articulate with the head of the tenth rib, and the lower 
facets on the body arc then absent (fig. 


FlO, ^57,—A typical thorflcic wrtebnu Viewed fnim the right iidc. 
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The tenth thoracic vertebra articulates with the head of the tenth rib only. 
The facet is placed at the upper border of the body and encroaches on the pedicle ; 
it Ls usually incomplete but, when the tenth rib fails to articulate with the ninth 
thoracic vertcbni and docs not make contact with the corresponding intervertebral 
disc, it is complete and circular in outline. The transverse process may, or may not, 
bear an articular facet for the tubercle of the tenth rib. 

The elcv'cnth thoracic vertebra articulates with the head of the eleventh rib 
only. The circukr facet Is pbeed dose to the upper border of the body and extends 
backwards on to the Lateral aspect of the pedicle. The transverse process is small 
but can be gripped between the finger and thumb ; it b not marked by an articular 
facet. 

The twelfth thoracic vertebra articulate with the head of the twelfth rib only. 
The facet, roughly circular in outline, lies below the upper border of the body and 
extends on to the lateral aspect of the pedicle. The body is fsii^e and approximates 
closely to the Lumbar type. The transverse process is srnall and irkslgnificsnt and is 
not tnarked by an articular facet; it presents superior, lateral and inferior tubercles, 
The inferior articular processes are turned laterally and the articular facets arc con¬ 
vex from side to side, like those of a lumbar vertebra. 

Parlieubir features of the ihotadc vertebrse.—The bodies of the upper thoracic 
vertebra; show a gradual transition from the cervical to the thoracic type, while the 
bodies of the lower thoracic %'citcbrw show* a similar transition from the thoracic to 
the Lumbar type, I'he body of T. 1 is cerv ical in farm, and its transveme is nearly 
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twtee ^ Er-cflt ^ afixerO'-posterior rrreaaurcmrnt. The body of T, * nctolnfl the 
cervical type, but its breadth u Jm and the nhaproportiim between iis two mcaaiaric- 
menw ii dimmished. The body of T, 3 ia actually the smaUest of the Thoracic bodies* 
but tta anterior instead of being flgrtened Uke the bodies of i and T. z, is 

rounded off and is convex fotwarda from side to aidci From this point the bodies 
gradually incrca?? in size and* owing to an inctfease in the intero-iyoaterfOr incaaiife* 
ment, that of T. 4 is typically heart-shaped. The bodies of T. 5 to T. 8 show a 

Fio, 258*—^Thc firar, tiinrh, tenxhp eleventh ind twelfth thordcic vertebra-. 
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gradual incrcsse in the anleropo$tcriot measarement whOe the transverse measiLie- 
ment shows little aJtcrahoti^ Tli«e four vertebra, xvhen sceu on transverse section, sre 
ss^tnmetricah f'^r *bc left side of each body show^ a dartening produced by tlw prea- 
siirc of the thoracic aorta. 7 ’he renmining vertehne incrciw in size more rapid] y» the 
mcrcase affecting all the meaiuremcnti of the body, so thaf T.iz appruximately 
cloaeJy to the shape of a typical I timbar vertebra. 

Thn upper and lower boeders of the bodies in front and behind giv-e attachment to 
the anterior and posterior longitudinal Itgarnents^ respectively; and the margins nf 
the Costal facet* give attachment to the ca|»ular and radiate ligomerxts of the joints of 















'FHE LUMBAR VERTT-RR.Ti =39 

the heads the riba, iTic lortgus ccrvicis muscle arises from the besdies wf the first 
three tliorocic vercebt^, Lateral to the afitcdot longltudinsil lij^aineni. The p*™ 
m^jor and minor muscles erisit tnum the Lateral aspect of the twelfth thoracic v^erLebra 

near its lower border. , rm 

The pfdul^ (fitreaw in ihictnesa from above downwards. Tiic jw/vricfr rerMmf 
notch is starcely recoi^Tiisablt except in the fimt dsorflcic vertebra, hui ihc in/mor nifich 
is deep and conspicuoii*. The upper border? of the i^mina and the lower parts of 
thofcT anterior surfaces Serve for the attachment of ihe ligamentn flova; their dorsal 
aspects insertion to the rotatores musdesu 

The I’mniterje procejssi sradually diminish in length from above dowmwards. In 
the upper six (somctinies fiv'e^ the costal facets are concave and face fonvards and 
latcmlly; in the olhcn+ the facets are flattened and fact upwards, laterally, and 
slightly forwTirds. I'hc mberculatcd ejetremity of the process yivts attachment In 
the lateral coSilotransvcrM ligament ; its lower border, to the superior costutransverse 
Ligament: its anterior eurface, medial to the facet, to the inferior tostotnuisversc liga- 
meni : and ite base to tiic ptwlerior cosiotnmivpnw ligaijiefti. In addirinu, the upper 
ind lower borders of the transverse proexg? priwide attachment for intertransverse 
muscles or their fibrntia vestiges^ and the posterior fitirfacc for the deep muscles uf the 
back—the levator costxc ariRirig from die dotani aspect of the tubcrculated extremity' 
under cover of the lortger muscles. 

The jpiwj overlap from the fifth ro the eighth, which is the longt^t and mMt nearly 
vertical of the thoracic spines. Above and beEow'they are less oblique in direction.* 
They give nnachmeut to the siapraspinous and interapinous ligaments, and to the 
trapes jus, rhomboidcus rnajtir and minor, laiissimus dursh the serratus ptHstcrifar 
superior and inferior, and many of the deep muscles of the back. 

The first thoracic vertebra tesenibles a cervical vertebra in the shape of its body. 
In aJdltiun, the pcusterotaicral parts of its upptT border arc raised, aa they are in the 
cervical region, and this projection forms the antenijr border tif the superior vertebral 
notch, tthteh is u distutethr /crifwre 0/ ihis twt^hra. The upper facet on the side of the 
body is not always cotnpli^te-p as the head of the ftTst rib often articulates wnth the 
intervertebnd disc between the seventh cervical and the first thonicic vertebra. 
Immediately below the facet there ia frcQuenlly a small, deep depression in the bone. 

In the eleventh and twelfth thoeaeic vertebrae the spinoua princesses are 
Lhamcteristically triangular, with idunted apices. In each cnjic, ihc luwer lajrdcr is 
horizontal, or nturlv so, and ihe upp^^r bf*Tdcr 1* oblique- In ihe region of the irans- 
vcrte process of the mclfth thoracic verrebm three Httle lobvrcle^ con be dislinguiahcd. 
Of These the inpcrior i* the large^si and jul^ upwserds. It corTLsponds niiimilliiry' 

procesa uf a lumbar vertebra, but it is not so cliisely eonncctcd with the supenor 
articular process. ^Phe fie^rrrfr is Fmalf and correspejnds to ihv true trant-vetse 

pmecss. ITie jw/rrior tubercle, dirceted downwards, cornfspondti to the accessory 

pn:iciffss of a lumbar v^ertebra. ,1-, * j h , , 

In distinguiahing he tween these two vcrlcbrar tlic student sliould he gutaed by (1) 
I lie character of the iisferior articular processes which, in a twelfth, are luin|>ar m 
type and are slightly convex, facing Uilvrally and forwards : ("i) the size and chameter 
of The imnavcrac pracew ^ and ( j) the distance between the cositil lacet and the opp^r 
border of the 1 cnebni (p. zjyj. 


THE LUMlLVll VERTBDR/'E [\TiR l EBR.'E LUM QA 1 .E,S] 

Gcacral features,—The lumbar vertebra: 559-261), five in number, can 

he disting;uishcd from the other vertebra; by their great size and by the absence ot 
costal facets on the sides of the bodies. 

The body i» large, w ider froiti side to side than from before hackvi ards, and a 
Little deeper in front than behind. The vertebrol Joramen iriailguliir^ in shape, 
larger iharL in the thoracic region but smaller 1 ban in the cervical region, 1 hir shape 
is accounted for by the shortness of the pedicles and the direction of the lamina:, 
which pass backw^ard.s and medially. ITitr sphwus process projects almost horizon¬ 
tally baekwardfl, is quadrangular, atid ts thickened atong its pjstcriijr and inferior 
borders. The tuperior arUaifar processes bear articular facets w Ukh face medially 
and backwards and are gently concave. The posterior border of each process is 
marked by a rough tlcvailLUi, urmed the mumfUary process. 'l*hc iifferwr arliadar 
processes bear nrttciilar facets which are sliglitty cooves and face lalcrally and 

• In quQiimpcda chc tuajarity of the apines of die thnmeje vern-bne prtijeci dorSdlty and 
caudally, whik ihoflc m The lumbar rrgion arc dirreicd d<jrMilJy and h4?[idHiLfd5. ^:hc change 
in mclmllion IS effected in one of the low«r thnraoic verttbriv. the Jfpifie ol which poinil 
almoit itroighl dorsfllb% ThiJ^ vertebra is known na the tintichwii, and in man id representa¬ 
tive is the eleventh ihorocic. 
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for^'ards. The transvfrie proceises irr thin 2nd c^longaied^ with the exception qf 
those of the Rfih lumbar vertebra, which are and siibstaiittaL A gmaih rough 





Fic. lutnlNir veittbro. Left latcml l!LA{>>eet. 


AftiMiUary jonvw 


/p/trwf drffevibr 
pr ^€*4 


dei-ation nurks the postero-inferfor aspect of I he root of each transvciac process and 
i« termed the accessory procfis. 

I'he fifth lumbar vertebra {fig. a6i) can be disttnguiahed hy the fact that its 
troHstxTft precest is strong and massive and is connected to the tehoh of the lateral 
turf ace of the pedicle and encroaekes on ihe tide of the body, tn addition, its body is 



Fio. afiq,—A ttunbir ^tnchia. Posterenupen'or a&pcet, viewed obllqurlr from ihe 
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the lar^t of all the lumbar vertebra; and it is usually deeper in front than behind, a 
condition which is associated with the prominence of die sacrovenebral angle* 

FanJcular feature*,—The upper and lower borders of the boifief in front and 
behind give attachment to the amcrior and posterior IqngirudinjiJ ligaments^ ],^teta1 
to the anterior longitudiniil ligament, the b^ies of the upper lumbar vertebnr (three 
on the right side ; two on the left) give origin to the crura of the diaphragm. Behind 
the line of the crtis the psoa$ rnajor arises from the bodies of all the lumbar vertebne. 









THE LUMBAR ^T^RTEBiL^ 2^1 

This muscle ihrows tendinous arches acro^js the aides of the bodies to protect the lurrs-^ 
bar veaseU. The rerlefirfll fprarngn of ilit 6rsi lumbar vertebm contains the tower 
part of the spinal cord^the conus mcdullnm ; the lower foramina contain the enuda 
cqninH and the spinal menmges. The ia stronEp and sprin^a fremn the postero¬ 

lateral Qspc^ct of the body juat below its upper bordcr+ The mptrior ufrtfhral nofcA, 
though Bhallovi% is easily recognisable: the infrriar mt€h is of considerable depth. 
The iamin^f ate broad, short and strong, but they do not overlap one another to the 
Same extent os they do in the thoracic rajioti. They give attachment to the ligamenta 
Hava. The tpitiffits procfssfi provide attachment for the posterior lamella of the lumbar 
faacia^ the sacjwplnaiis, the spinalis thniacic, the multifidus, the inienffpinal muscles 
and ligaments and the supraspinous ligaments. 71ic spinous processes of the fifth 
lumbar vertebra is the leaBi substantial and iti escivemity is more or less rounded and 
down-tu med. The mperior firiicular prereriex are wider apa rt iJian the inf rrtor in the 
upper lumbar rvptrnn. but the difference is very slight in the fourth, and in the Mth the 
two measurements are approxiiniiiely equal. The articuliir facets arc so shaped ihai^, 
while they permit of Hexion and extension, they prevent rotation of the lumbar 


FiGr 361 r—The fifth lumber vctlebn# Superior aspect. 
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vcrtrhnr. The fmimrrje with the exception of the tifdi, are not so strongly 

built as the other parts of the lumbar %'crEebtw^ I'hey increase in length from the lirat 
to the third—which is the longest of all the transvijrsc processes—and then become 
shorter- The fifth inclines upivtirds, as it passes laterally and slightly bauhwards, A 
faint, vcrricnl ridge marks the anterior surface uf the tiansverse process nearer the tip 
than the root. It gives attachment to the anterior layer uf the iumhsir fascia and 
sepamteB the surface into a medial area for the attachment of the psoas major and a 
biteml area for the quadrafua lumbonim. The tip of the process givics attachment to 
the middle layer of the lumbar fascia, but, in addition, the tip of the first gives attaeh- 
menl to the nredial and lateral arcuate hpimcnta and the tip nf the fifth to the ilio¬ 
lumbar ligament. I'he posterior surfaces of the transverse processea are cmered by 
the deep muscles of the back and give arigin to fibres of the longissimus thoracis 
muscle, Thf upper and Jow^cr borders of the process give nn^chment to lateral inter- 
transverse muscles. I'he rNawfiHary procesi is hnmologoua with the superior tubercle 
in the twelfth thoracic vertebrmr It gives attachment to the multifidus and to the 
medi^ Ime rtransverse muscle, 'llic a^cessf>ry' pwfrr* varied in preeminence and may 
be difficult to identify. It gives attachment to die medial intertransverse muscle. 
Ttic rirment ts tncorpoFfllcd in die transverse process ffig, tt j)* 

• The mamillary and accessory process " ore merely muaeuW processes which, repre- 
lenicd and conjemed in the thoradt region, become separated in the jumbar region by the 
passage of the ijiteroiiJ (medial} brondi of the posterior division (posterior primar)' ramus) of 
the lower thoracic and lumbar nen-es between them.” (F. Wood Jones^ Joitrniil of .doalara^ 
anti Phyiitth^\ 47, iflTi). 
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THE SACRUM [OS SACRUM] 

Qenerat f^taturea. —The sacrum (figs. 261—266) is 2 ]ir]g;e bone, triangular in 
shape, rprrncd by the fusion of the five sacral vertebrse. Ji ia attuated at the upper 
and DOTterior pirt of the pelvic c:avity^ where it is inserted like a wedge betn'een the 
two hip-bones. Its narrow, blunted ap^x is at the inferior end of the bone and 
articulates with the coccyt. At the opposite end the wide articulates with the 
fifth lumbar vertebra, with which it forms the sacroterietral mtgie. The bone is 
placed ve^ obliquely and 15 curved longitudinally so that its dorsal surface is convex 
md Its pelvic surface is concave (fig. 264). This ventral concavity serves to increase 
the capacity of the true pelvis. In addition to a base and an apex the aacrum pos¬ 
sesses darial^ peAvr, and faieral jur/deef and encloses a bony CGtinL 


Fic. 261.—^The ^crum. Pelvic surface. 
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in the child the individual sacraJ vertebra; arc connected by cartilugc and can be 
separated by mace ration, 't'he adult bone show* miiny signs of its vertebral con- 
stimtion, especially on its basaJ aspect. 

Tbc base ( 5 g. zfis) is formccl by the Upper surface of the first sacral vertebra and 
presents al the features of a typical vertebra in a slightly modified form. The Wv 
IS large and much wider from side to aide than from before backwards Its anterior 
proji^ng edge IS named t he sacral promontory. Tbc vertebral foramen is tiianEukr 
and Its shape is estplsined by the fact that the pedicles are short, untidy seoamted' 
and arc directed backwards and laterally. The lamioit are very oblique and incline 
dtjwnvrards, medially and backwards. WTiere they meet, the splnom process is repre- 
Mnied by a spinous tubertlc. The superior articular processej project upwards and 
bear concave articular facets which face mcdiallv and backwards m articulate with 
the inferior artioiliir processes of the fifth lumbar vertebra. The posterior part of 
each process projects backwards, and itslateml aspect beam a roughened area which 
corresponds to the maniillarj procesa of a lumbar vertebra. The reeion of the 
transverse protest shows important modifications, A bmad, sloping mLs of hone 
projects from the lateral side of the body, pedicle and superior articular nrocess 
(fig. 265)—a feature w hich la not found in any of the other vertebrae, although it is 




THE sacrum 

foreshadowed in the fifth lumbar vtrrtcbrJi, It is formed by the tranaverse process 
i^nd the costa! element fused to each oilier aiui to the rust of the vertebra, and forms 
the upper surface of the lateral part of the sacnirn. 

The pelvic Kurfacu of the sacrum es concave and is directed downwards and 
forwards. It is marked by four pairs of foramina, w hich communicate 

through the Lnten^eriebrul foramina with the sacral canaL They transmit the 
ventral rami of the first four sacral nerves. The large area which hes bet%vcen the 
foramina of the right and left sides is formed by the fiaitcncd pelvic surfaces of the 
bodies of the sacral vertchraCp and the lines of fusion of contiguous vertebra: are 
clearly tnsibic as four raised transverse! rtilges^ The bars of bone which separate the 
foramina from one another on each side represent the costal ekmrtis, which arc 
fused to the vertebra:, fjateral to the foramina the costal elcmenis unite w ith one 


Fig. 36j. —The saemm. D^rsnl surface. 









^unc&fpinalU 


Tn 3 i«ivW<; 


jtriicwinr 

luAcrcjfj 


Sacral Aiaiiu 


Supfrior artUuttsr procftKi 


tnaximut 




aR(7]£e 


c^rntfU 


another and, posteriorly* they unite with the transverse processes to form the laierul 
part of the sacrum. 

The dorsal surface (fig. 263) is convex and is directed backwards and upwards- 
It is marked in the median plane by a raised crust* which bears four (sometimes only 
three) spinous tuh^cles. These represent the fused spines of the sacral vertebrae. 
Below' the fourth spinous tubercle there b a fl-shaped gap in the posterior wall of 
the sacral canal, termed the sacra! fiiatus* This j^p is produced by the failure of the 
Umime of the fifth sacral vertebra to meet in the median plane, and, as a result, the 
posterior surface of the body of that vertebra is exposed on the dorsal surface of the 
sacrum. Lateral to the median crest, the posterior surface is formed by the fused 
tamina* Lateral to this area t he dorsal surface of the sacrum pn^nts on each side 
four i/orsat sacra! faramitia. l.ikc the pelvic foramina they cummunicale w ilh the 
sacral canal through the inlcr%'cncbral foramina ; and each transmits the dorsal (pos- 
rcrior primary) ramus of a sacral ncmN Medial to the foramina, and in line with 
the superior articular process of the first sacral vertebran the bone is marked on each 
Side by a row of four small tubercles, which represent contiguous articular processes 
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fused together* The inferior articular processes of the fifth aacral vertebra an; free 
and project doi^iiwards at the sides of the sacral hiatus. They arc termed the mrrd 
cornua and are connected to the cornua of ttie coccyx by ligarnentST* termed the inter* 
comud ligaments. The toughened area to the lateral side of the doreal sacral 
foramina is formed by the fused transverse processes and presents a row of transv^sc 
iuhfTclcs^ 

The lateraJ surface (fig. 164) of the sacrum is formed by the fused transverse 
processes and costal elements. It is wide above but rapidly diminishes in breadth 
in its lower part. The broad^ upper part bears an ear-shaped surface, termed the 
auricular surface, for articulation wi^ the ilium^ and the area behind it is rough and 
deeply pitted for the attachment of tigaments. In order to ensure the stability of the 

Fig. 264,—^The utcnim. Right huerat asprci. 
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body in the ««t posture, the saCT^iliac joint, through which one half of the vvciirht 

This IS obtained by fiiaion of the sacraJ vertebr* and by the persistence of sub^ 
stanbal portmiw of the t^tal elements. The auricular surface is &ome by the 
demente and ts shaped like the mverted letter L. The cephalic limb is Ihe s Wer 
juid 13 rcstncted to the first sacral vertebra; the caudal limb c^itends downwards m 
the lower limit of the ^nd or to the middle of the third sacral vertebra. Th^S 
part of the lateral surface takes no part in the transmission of the w eight of the 3^^ 
and is mnsequentJy reduced m breadth. At its lower end it bends or curves medb»« 
» r..* jhe u<k of lb= b»d, of the (i/d. ..„d vmebrt,. ThfS «Xc5 £ 
chan^ of dirertton occur is^ termed the tn/erkr laUrai a«g!e. Below the angle Se 
lateral surface forms a (lull border* ^ 

ly apM of the sacrum is formed by the inferior surface of the body of the fifth 
sacral vertebra and bears an oval facet for aniculadon with the coccyx 

The swni canal (fig. a66) is formed by the vertebral foramina of the sacral 
vertebra and is tnangular on transverse section. Its upper openine seer nn rh. 
basal surface, appears to be set obliquely but, owing to thSdin^tion of the s^mm 
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THE SACRUM 


It is dlirectedl upwards in the living subjects 'Fhc lateral of canal presents 
four intervertebral foramina (fig. z(i6)t through which the canal ia connected with 
both the pelvic and the dorsal sacral foramina. The lower opening is ihe s&crai 
fihtm. 


Pariiciilar features^—^I'he ventral and dorsal paro of the body tif the finf 
lurrat rfrltbra give atiachment to the lowest fibirta of the anteiior and postcriDr 
loni^tudiosj ligaments respectively^ The upper borders of the iamimv of the first 
sacml %'ertebra give Bitaehinent to the lowTst pair of Itgafnerta flava. The upptr rwr- 
faceofdnt pari is smooth and sUghrly concave in its medial part but b inre^- 

larly roughened in its lateral part^ It is covered almiMt entirely by the psoas major 


Fic. 26s r—The ba« of the satnim in the nsale (A) and in ihe female (B). 

Note ihiT ihe body of S-L formi a larp^r portion of the iQlul brcfldlh of ihe bsK 
in ihc iTiaie than it diJefi in the female- In ihe lalter ihe body is miiitively Mnallfr 
ind rhe lateral part js rGlutivcly broader^ 
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muscle. The smooth area h marked by an oblique, shallow groove w^hich lDd:ees the 
lumbcKOcral trunk. The rough orea givcB attachment to the lower bpd of the ilio- 
iumbar Ligament (p. 506) (often termed lambosnrroi which lies on the 

btcral side of the fifth lumbar nerve, and to the ventral ligament of the sacro-iliac 
joint. TTie anicrolutcral part of the area gives origin to a portion of the iliacus muscle 
(fig. 2^2). . , . . . 

^I'hc p^hk fur/iice of the sacrum gives origin on each side to the piriForinis muscle 
(fig. 262). On emerging from the pelvic sacnil foramiiua the ventral rami 
of the firat three eacttil nerves pass at once on to the anterior surface of the ihiialIc^ 
Along the medial margins of the foramina, on each side, the sympathetic trunk 
descends in contact with the bone^ and in the median plane the median sacral vessels 
form on mtiimtc rdalion. LatemI to the foramina the lateral sacroJ vessels bear a 
variable relation to the bone- TTie ventral surfaces of the bodies of the first and 
second and part of the third sacral vertebra are covered with parietal peritoneum and 
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Cttwscd obliquely^ to tht Itfi of the medimi plarnr^ by the root of the pelvic mesocolon. 
The rcetutn lies ui ciontact with the pelvic surfaces of the budie* of the thirds fourth 
imd fifth sacral vcnehiWp but the bifurcation of the superior rectal artery^ into right and 
left branches inter^’enes between it and the third sacnil vertcbia. 

The dcricil tuwfaff of the sacrum is mu^h and irregular. The saemspinalb arises 
by an elongated U-sha|>^ origin from the spinous and transverse tuberclca^ and covers 
the multifiduB^ which arises from the Intcrscning area (fig. 163). 'l^hc dorsal (posteriar 
primary) nuns of the upper three sacral aenea pierce these muscles after they emerge 
from the dorsal sacral foramina. It not infrequently happens that the laminie of the 
fourth sacral vertebra fail to meet in the median plane behind. The sacral hiatus is 
then elongated considerably. 


Fig. 266 .—A median ioglttal section through the sacttim. 
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The at/riaiittr sttr/aee is cohered with byalme cartilage m the recent state and is 
formed entirely by the costal ckments. The lough area hchLnd it shows mo well- 
marked deprcssiofifl and gives attachment to the strong interdsaeous sacro-illac liga- 
ments. Below the auricular surface the UtcrHl aspect of the sacrum gives attachment 
to the gluteus maximus, the sacrotuberous and sacrospinous ligaments and the 
coccygeus muscle, the structures being enumerated from behind forwarda, 

Tlie sacral canal contorts the cauda equina (including the filum tcrminilc) and the 
spinal tnetiingcs. Opposite the middle of the sacrum the subatachnoid and subdural 
spaces become closed, and the lower sacral nerve roots and the filum terminnk pierce 
the arachnoid and dura mater at that lev-el. The fitum tcrminale emetges below- at the 
sacral hiatus and passes dowow^^k across the dorsal surface of the fifth sacral 
vertebra and the sacrococcygeal joint to reach the Coccyi. The fifth sacral nerve also 
emerges through the sacral hiatus cJm* to the medial side of the sacral comu and 
grooves the lateral part of the body of the fifth sacral vertebra. 
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Differeaccs in the sacrtirti of the male and female.—In the female the 
isacmm is shorter and wider than in the malc^ reBcetiilg the necessity for a wider and 
a ahallow'er pelvic cavity. The upper part of the Wne is flattened ^ and the lower 
part curved abruptly forw^rthp whereas in the male the curvature is more evenly 
distributed over the whole length of the bone. It should be remembered^ however^ 
that the curvature of the bone may vary considerably in different specimens of the 
same sex. In the female the pelvic surface of the hone faces downwards more than 
in the male \ this increases the sisEc of the pelvic cavity and renders the sacro- 
vcrtcbial angle more prominent^ In the female the auricular surface for articuLation 
with the ilium is shorter than that in the tnale^ extending along the sides of the first 
and second sactiil vertebrae only ; in the male tt is continued down to the middle or 
lower limit of the third vertebra- Owing to the great siuc of the body of the fifth 
Lumbar vertebrSp the upper surface of the body of the first sacral vertebra oc^pies 
a larger proportion of the base of the sacrum in the niale than it docs in the 
female (fig. 265). No difficulty will be experienced in distinguishing a typical 
male or a typical female sacrump but, as ihc sexual characters arc not always 
pronouncedp there are many case^ in which it is by no meana easy to detennine the 
sex. When any diflinilt)^ is experienced in dctemiining the sex of a Mcrum. 
greatest stress should alwaj’s be laid on the relationship between the length and 
the breadth of the bone. 

Structure- -The sacrum consists of spongy substance enveloped by a thin layer 
of compact bone. 

Variations.—Hither the fifth lumbar vertebra or^ more cominonly^ the first 
coccygeal vertebra mav become incorporated in the sacrump which tlicn has six 
vertebra. The inclusion of the fifth lumbar vertebra is usually mcomplete and it 
may he limited to one or Other side. In the most minor degree of the abnormality 
the transverse process of the fifth lumbar vertebra is unusually largc^ and articulates 
w^ith the sacrum at the dor^iialeral part of the upper surface of its lateral parE. 
Reduction of the number of the constituents of the sacrurn U less common. The 
transverse process of the first sacral segn\ent may not be joined to the rest of the 
lateral part on one or both sides, and a considerable part of the dorsil wall of 
the sacral canal may be wantingp in consecitiencc of the imperfect development of 
the laminar and spines. 


THE COCC’^c'X 

Gerteml features.—The coccyx (figs. 267. is a small bone, triangular in 
shapCp which consists usually of four rudimentary v^ertebne fused togeihctp but the 
number may be increased to fi%"e or reduced to three. Not infrequently, the firet 
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coccygeal vertebra exists as a separate piece. 'I'hc bone is directed dowmwards and 
ventraily from the apex of the sacrunip so that its pchfic surface faces upwards and 
fonvardfi and tta dorsal surface downwards and backwards. 

I'he bast of the coccyXp formed by the upper surface of the body of the JfrrJ 
tocoygtal vertebra, presents an ovafi articular facet for articulation writh the apex of 
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the flacrum* Dor^iLitcral to the facet, two procesiies, nnmed die coccy^^I cornua, 
project up^^'ands to articulatie with the sacral cornua ; they are the homologues of 
the pedicles and auperior articular processes of the movable vertebrae. A rudi^' 

n^entary transverse process pro- 

Fic. 369. — TTie of a t^-|!»icAl veiicbiu. 
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Fig. 270. 
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jects ] aicraMy and sligb tly u p wards 
from each side of the body of the 
first cocci'gcal v'crtebrs and may 
ascend to articulate or fuse with 
the infenor latenU angle of the 
sacrum. In that event five paim of 
foramina are found in the sacrum. 

The second^ third and Joarih 
coccygeal verte^ie dinutiish suc¬ 
cessively in size and are usuaEly 
fused with one another. They 
are mere nodules of bone, which 
represent the rudimentary bodies 
of the vertebra, although the 
second may show traces of trana- 
verse processes and pedicles. 
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Fig. 37*.' —The ossiFcutinn of thr aitas. 
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FiirtLculiir futures. — The 
latcntl partH of the prlvic jwr- 
including' the rudimentary 
ironsi erse process, give insertion 
to the leva tores ani and the coc- 
cy^ei^ The ventral aactococcv- 
gcol IfgEuncnt is attached to the 
front of the b^xly of the first, and 
may extend downwgirds to reach 
the second cuccygeal ve rtebra f%* 
5 3 0 - , The eorma give attachment 
to the intercomual ligaments. I’hc 
interval between the body of the 
fifth sacr^ v'crtchra and the articu^ 
lating sactBl and coccygfial comua 
on each side represents the in- 
tervenebrol foramen between the 
fifth sacral and the fir^ coccyijenl 
vertebro, and transmits the'Fifth 
sacral nen'e, ITie dorsal ramus 
of that nerv^e descends behind the 
mdimentiiry' rro^rji'me procrts^ 
but its ventral ramus pas^ for- 
wTirds thremgh u foramen placed 
between the fransver^ process 
and the sacrum and bounded 
laTerolly by the lateral sacrococcy- 
geaJ ligaments whieh connects the 
process to the inferior lateral angle 
of the sacrum. ^ llic dorinf surf^sce 
of tbe coccyx gives origin, on each 
side^ to the gluteus maxiTnus 
mu^Ec and, at its tip, to the 
sphincter ani cilertius. The 
median area gives anachment to 
the deep and superficial dorsal 
sacrococcy-gcal ligamenia. The 
latter extends downvnirda from 
the margins of the sacral hiatus 
and may close the lower end of the 
, . , . r , , , sactal cpnal. 1 he filutn terfnin- 

flk, which IS situated between the rwo ligamauta, blends with them on the dorsal 
surface of the first coceygcal vertebra. 

The ossiftcadoa of the vertebral column.—Each tvpicaJ vertebra is 
fied from three primary^ centres (fig. 169), two for the vertebral arch, and one for 
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Fig. 374.—'ITtc ossificaiion of a lumbar vcrichm. 
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PLATE HI 



LAit^rsI i^diagnph of the tkuli in mu uluU. 

£, GfdOi/c for iht antencn' branchiM of the mkldlc mcninBeal veaMla 4 a. 
fgts$p_ 3+ Groove for the postcrktr btanthe* of the middle meningtAl vessels. 4. MttAtDid 
iiix-celK 5 h Lmbdoid iyture. 6. Comoi] syture, 7. Cilcareoua depoiiu in ths pineal 
body. 





PLATE IV 



Fic* I*—Aiterlpfiraiii of the inmcrsnuiJ course end bmnehes of the cieht 
internal carotid ortcryi 

i. Rjffht blcmal coitstiii iincr>^ in the tipijer part of the neck s in the carotid 
wnni of the petmu* psn of the temporal bone; and in the cavejnotw iinua, Kotii 
the them loop which the artery makea oa jt cmenHca fram the mnm, a/ Middle 
cerebral artery, foreahortened is it lies in the item of the tatcinl ayjcus. t An- 
lefior cerebral artery, curbing round the jjenu of the coqjua caUoium. 



Fic. a. — Radiojn^ph of adult akuU, Froniol view, i = maxillary tiniu’ i^f+tintal 
■inm. The arrow » directed towards the cmuitDid air-celJ^’ ™ 


THE OSSIFICATION OF THE VERTEEIt^VL COLUMN 


Fic, ^75-—“^rhc ossificHtioti of thtf 
Enmim and coccyx. 
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the body.* OssSficalicin of The vertebral archer begins in the upper cervical vertebrse 
the seventh ureigliLh week of inijiiiiterine life,. jLnd gradually extends do^Ti the 
column. The centres hr^t ap|>eiir m die situa- 
tions where the transvei*! pmccsacs aftenvards 
project^ and spread backwards to the lanninii^^ 
forwards into the pedicles and laterally into 
the tranaverse ptoceaaes, Osaiheaiicih of the 
bcidiea begins in the lower thoraefe vertebire 
about the eighth week of intrauterine Jife, and 
subsequently cxteiids upw^orda and dow^i words 
along the column. The centre for the body 
constituted the renj^rum, which dr>es not corre-^ 
spond to the whole of the body of the adult 
vertebra^ for the posterolateral portions of the 
btoly are ossihed from the centres for the ver¬ 
tebral arch. During the first few years of 
life the centrum is connected to each ludf 
of the vettebrd arch by a primary car¬ 
tilaginous joint, termed the tiatrof^Htrai 
joints In the thoracic region the coatul facets 
on the bodies lie behind the nciiroccntral 
joints. At birth a vertebra consists of three 
pieci^, vk.* the Centrum and the halves of 
the %'ertebral archr During the first year tlie 
halves of the arch unite behind, union taking 
place first in the lumbar region and then 
extending upwards through the thoracic and 
cervneal le^ons^ In the upper cervocal ver- 
tebra the centra unite with the arches about 
the third year, but in the lower lumbar ver- 
tebne union is not completed until the sixth 
year. Until puberty the upper and undt^r 
surfaces of the bodies and tti-c ends tsf the 
transverse and spinous processes arc cartila¬ 
ginous, but abour ihc rnurteenrh year five 
secondary centres appear, one for the lip of 
each transverse process^ one for ihc end of the 
spinous process, and two annular epiphysial 
discs for the circumferential pans of ihe upper 
and lower fEurfaccti of the bi>dy (figs, ayo, zj i 
The costal articular facets arise as extensions 
of the annular epiphysial discs (Dixon).t 
I'htrse sectindary^ centres fuse with the re^i of 
the lw>nc nbou t the age of cw c o ty-five ycons. 1 n 
the bifid spinous processes of the cervical 
vertehne there are twti^ serondaty centres. 

Exceptions To this mode of o^Ificahnn 
Occur in the first, second and Seventh ccn'ical 
vertehite^ aod in the lumbar vertebra?. 

The atlas is usually ossified from tliree 
Cell [res (fig, a 7 a). One appears in each lateral 
mass about rhe seventh week of intrauicrine 
life, and gradually extends into the posterior 
arch+ w^here the rw ci unite between the third 
find fourth years, cither directly nr through 
the medium of a separate centre. .At birth, 
the anterior arch comlsis of fibrocanilage : 
in this a jtepanite centre appears about tlie 
end of the firac year, and unites writh ihc 
lateral masses bclween the sixth and eighth 
years—the lines of onian extending across 
the anterior portions of the superior articular 

facets. Occa-^ionEil]y the anterior arch is formed by the forward extension and 


Fig. 277. 
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• Thu body m GCCBsiDually oulfltd from two bteraJ OEntrrs w hich lomeUines fail to Unite, 
Ihe aiippr™ion of one of there centres leads to the formation of a wedge-shaped vertebra, 
and U a wcIhmceogTlised cause nf lairral eurraturr tile vrrtehfml column. The cnndilton is 
frequently multiple- 

t A. Fninds Dtxon, 7 ' , SSp lyM. 
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ultlmnte union of the cetitrt.'fi far the iHiernl musiui; Eom-etime^ it is os^iijicd from 
t^o iHtcniJSy placed centrcB. 

The axis is from five primno^ QniJ t^vo secondary centres (fi^, i7j)- The 

vertebral arch is tisiified from two piimm' centres^ and the ccntium from onrC, aa in 
a t^'pical vertebra i the centres for the arch appear ahtmt the seventh or et^hih week 
of Lotrauterine life, the centn: for the cenurum about the fourth or fifth month, 
Tlie dens represents the centrum of the atloSn and is ossified almost entirely from rw^o 
iatcmlly-phiced centres ; these appear about the sixth mortTh of intrauTerine tife^ and 
join before birth m form a coniotl mass, deeply cleft above. A wedpe-shaped piece 
of cartileiie fills the cleft and forms the summit of the process: in this cnrtili4|c a 
centre uppcars about the second year and unites with the main mass of the process 
about the tivelfth year. It is regarded as representing the proadas.* Ths base of the 
pmecss is Separated from the body of die axis by a cartilapinuus disc, the circum¬ 
ference of which ossifiesp but the centre remains cartilapinous until advanced age ; 
in this cartibginous -disc niditnenTs of the tower epiphyEial Isuaclla of the attai and 
the upper epiph>'sial lamella of the axis may sometimes be found. In addition a thin 
epiph>'sid pbte Is formed on the under surfnee of the body of the bone about the time 
of puberty. 

The seventh cervical vertebm.—"^tlic costal pmccs54aa nf this vertt^bra arc usually 
ossified from separate ccntmSn which appear about the sixth month of intrauterine lifcp 
and join the body and transverse processes between the fifth and sixth As 

already stated {p. 235), the cosiat processes may persist as separate pieces^ iind grow‘ 
laterally and fonvnrds* to constitute? cervical rilM, 

Separate ossific centres have also been found in ihe ^stal processes ^jf the fourth, 
fifth, and sixth cerv'ical vettebre. 

Tha lumbar verlebr* (fig, 274) hove each two additional centnAp one for each 
mamillary process. 

The sacrum (figs- 275 to 279),—Eflchs&cral vertebra is i^ificd from three primary 
centres, one for tiw body and two for the vertebral arch. Two vpiphysial plotcs arc 
□ssjficd for each bodyT upper and the other for the lower surface. 

The anterior portions of the lateral parts of the sacrum have six additional (costal) 
centreSp two for each of the finst diree vertebnc ; these appear abtivc and lateral to the 
pelvic flacroJ foramina (figs- 275 p 27^)* 

Two epiph^'Bial plates are developed on each lateral surface of the sacrum (figs. 
277t 27S) I one for the auricular surface, nod another for the thin edge of thane below 
this surface. 

The ends of the spines of the upper three sacral vertebru: one sometimes developed 
from separate epiphj'sesp and l-awcett f pointed out that a number of cpiphyeca 
ans ptesent in the sacrum at tlie cighteonih year (fig. S79L These are distributed as 
follows : One for each of the nvo maitiiUory prcKxss^ of the first sacral vertebra ; six 

on each aidc^ in connexion with the costal 


Fits, j79,“'T1ic cpiphyset of the costal and 
itark^vcne processes of the sncnmi mi the 
eighteenth year, (E. Fawcettd 


processes (two each—an anterior and a 
posterior—‘for the first and secondp and 
one each—an anterior—for the third and 
fourth vertebras) ; and eight, four on each 
side, for the transverse proecssesp one 
each for the first, third, fourth and fifth. 
He la abo of opinion (1) that the auricular 
facets on the latcrai surfaces of the sticrum 
arc in the main fornied by the develop¬ 
ment and fusion of the coatal epiphyses 
of the first and second sacral vertebrajp 
and {2) that the low'er part of each laicral 
surface is formed by the extension and 
iinian of the costal epiphyses of the third 
fljid fourth, with the cpiphy-isiea of the 
transverse processes of the fourth and 
fifth sacral vcrtcbite. 

77 ie ^^Tioiif 0/ ttin 0/ sacrum. — 

^, 0 ^ I, Jt 3 i 4 - Aoterii^T EpiphyiH f« ftftf.-iKiind, ^ bodiCS of the fi tSl^ 

third ind fomth «uii] fifcoimiM, f"x\ i. 3, Petimer sccond and third socrat vertebne appear to- 

^I^j^EpiphsiS ft?ti4 fl'fiii ihe enil of the ih ird month, an (3 those 

iFanarmr pnHi»ePs tor the bodics of lilt fourth anil fifth Verte¬ 

bra! between the fifth and eighth months of 
intrauterine life. The centres for the vertebral arches appear about the fifth montli 
and those for the costal elements of the lateral parts of the bone bctivcen the sixth and 

“ S« " The Evolution of the Vertebral Column.*' Edited by J. F. Gaiskell ind H, L. II H 
Green. Csmb. UniV. Press, 1933. 
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eighth mtintha dC intniLLterine life. The first step in the consalidutiiin of ihe Eacriim 
Ls the union of rh-ese separate parta of the individual vertebrse, 'J'hc ct>atal eleifient 
unilcs with the verfcbril arch^ befort the latter joins the cenirtutip and tJiis process 
precedes the union cf the laminae with one another. The fusion of the vertebral 
arches with the centra is completed at or soon of tut the eighth year* and tmees of the 
ncurDCentral Joints of tht first sacral vertebra can be found after union is complete in 
the otiscr vertebrnr. the same time or a little later the lamina; fuse with One 

another, and this process usually begins above and extends in 1 downward direction^ 
hut it is not uncommon to find the laminx of the fourth sacral vertebrw fused with one 
another before the process is compteced in the first. 

The parts of the individual vertebrae are united heforc pubert>% At that time 
epiphysiid centres develop (i) for the upper and lower surfaces of the bodies^ (a) for 
the spinous processes, and (3) for the extremities of the costal and transverse process 
cletticnts. At the same time the articular pniccsscs and the cunjuined costal and 
irans%^ersc process elements be^hn to (use with one another* from below upwards, but 
fusion of the individual vertebras cannot be completed until the upper and lower 
epiphyses have united with the tx^dieSj a process which is rarely completed before the 
twenty-first year, 'rraces cf the intervertebnil disc between the firsf and second 
suicTal vettehtje can be found up to, and often after, niiddle life. 

The coccyx.—Each segment of the coccyx is ossified from one primary centre^ 
l^hcM appear as follows : in the first between the first and fourth years ; in 

the second between the fifth and tenth years, in the third between the lenih and 
fifteenth years; in rhe fourth between the fourteenth and iwentietl^ years. As agti 
advances^ the setpriems unite with one another, the union betu'ecn the first and 
second being frequently delayed until the ago of thirty years. At a Late period of life, 
especially in fcntales, the cocc>ts often fuses with the sacrum. 


The Vejitebral CoLinvrx as a Whole 

The verlebral columfi is sltuited in the m.edian planc^ at the poaierior part of 
the tnmk. Its average length in the male h about 70 cm.; of this the cervical part 
measures about la cm.n the thoracic 28 ctii+3 the lumbar iS cm., and thEraacrum and 
coccyx about 12 an. The average length of the female vertebral column is about 
60 cm. 

The carues of the vertebral eoiumn .—Viewed from the side {%. 280), the venebraJ 
column presents oervicfllt thoradc, lumbar, and pelvic cones. The thoracic and 
pelvic curves arc termed primary corves* as they are concave ventrdly during fa-tsU 
Life and retain the same type of curvature after birth* The cervical and lumbar 
curves are sccoudaiy or compensatory; the cervical curve appears Late in intra¬ 
uterine bfe and is accentuated when the child is able to hold up its head (at three or 
four months), and to sit upright (about nine months) [ the lumbar curve appears at 
twelve to eighteen months, when the child begins to walk. The cotwo/ cur^ e is 
convex fuTwards, and is the Ic^asl marked of the four ; it begins at the atlas* and ends 
at the middle of the second thoracic vertebra. The fhorack curve is concave for- 
w-ards, and rtaches from the middle of the second to the middle of the twelfth 
thoracic vertebra ■ it is caused by the greater depth of the posterior parts of the 
vertebral bodies. The tumbar curve is convex forwards and is more pronounced in 
the female than in the male ; it reaches from the middle of the last thoracic vertebra 
to the lumbosacral angle, and the convexity of the lower three segments is greater 
than that of the upper two; It is caused mainly by the greater depth of the anterior 
parts of the intervertcbnil discs* but tJjc shape of the vertebral bodies also helps to 
produce tt* The pelvic curve extends from the lumbosacral Joint to the ape.x of the 
COCCYX ; its concavity faces downwairds and forwards* 

in the upper part of the thoracic region of the vcrtcbnil coliimn there is some¬ 
times a slight hferal cunaturc* w ith its convexity directed towards the right side in 
right-handed persons* and to opposite side in the left-handed. 

'The anterior surface of the vertebral column.— When viewed from the front, the 
ividth of the bodies of the vertebra: is seen to increase from the second cen'ical to the 
first thoracic ; there is then a slight diminution in the next three vertebne : below 
this there is again a gradual and progressive increase in width dow n to the lumbo¬ 
sacral angle. From this level there is a rapid diminution^ to the apex of the coccyx. 

The posterior surface of the column presents the spinous p rrjecsses of the vertebra 
in the median plane. In the ctrt tcal region (with tlic exception of the second and 
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Fi< 3 . 2S0.—The vertebral column, viEwed 
fitPEn thE Icfi «tde- 



sevcnih vcrtcbr^ie) the^e an; short and 
nearly harizontfll, with bifid ends. In the 
upper part of the thoracic regiun they arc 
directed obJiqucIy down^t^rds ; in the 
middle part they arc long and almast ver- 
tical; in the lower part of the thoracic 
region and in the lumbar n^inn they are 
nearly horizontal They arc separated by 
Considerable intervals in the cen'icsl and 
lumbar regions^, but arc closely appn>st- 
mated in the middle of the thorticic region. 
Occusionally a spinous process may deviate 
from the median plane a fact to be rc- 
mcnibcrcd in practice, as irregularities of 
this sort Occur also in fractures or dis¬ 
placements of the Vertebral column. The 
seventh eerv'ical Can he felt at the lower 
end of the nuchal furrow, and below* it the 
first and^ usually* the second thomcic can 
be identihed. 'I'he third thoracic lies op- 
posi te the r<wjt o f the scapula r spine an d the 
seventh lies opposite the Inferior angle of 
the sc?)pula» prov ided that die arm is at rest 
by t he side. T he twelfth thoracic spi nous 
process lies opposite the nudpoLiit of a ver¬ 
tical line drawn fn^^m the inferior angle of 
the scapula tE> the iliac crest. At the sides 
of the spinous processes the rrr/f^rd/ 
lodge the deep mnscles of the bach, 
in the cervical and lun^bar regions these 
grooves are shallow and ate formed by the 
lamina: of the vertebne; in the thoracic 
region they arc deep and wide, and are 
formed by the lamina; and transverse prfi- 
cessesn Lateral to the kmino: are the ar¬ 
ticular processes, and still more lateral the 
transverse processes. In the tbomcic 
region the transverse processes lie on a 
plane considerably behind that of the 
same processes in thccen icol and luml^r 
regions. In the ccnncal region the trana- 
verse processes are placed in front of the 
articular processes, lateral to the ptxliclcs^ 
and between the inlerv^ertehral foramina. 
In ihc thoracic region they are behind the 
pedicles, intervertebnii foramina, and ar¬ 
ticular pKXresses- In the lumbar region 
they are in front of the articular processes, 
but behind the inlcn'ertehral fE>nimina+ 
l’'he sixc of the transverse processes of 
the atlas has already been emphasised (p, 
533), and the breadth from the tip of one 
transverse process to the tip of the other 
has been contrasted vtitli the same mtas- 
urcmenl in the os is. This measurement 
shows little variation from the second to 
the fibith cervical vertebra^ but in the 
seventh it shows a substantial increase. 
In the thoracic region the mcasuremcni is 
greatest in the fim and then gradually di-^ 
minishes^ being least in the twelfth, where 
the transverse process elements are usu- 
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ally reduced to mere vcistiges. In iht first lumhsir vertebra the mcASurtinent is 
greaterH in the second it is further increased, nhile in the third it is greater than it 
is in anv of the other vertebra;. In the foiirtli and fifth it suHfers a slight 
reduction. 

The laifFul nf the vertebriil column are separated from the posterior 

surface by the articular processes in the ccrvicaJ and lumbar regi^^ns, and by the 
transv erse processes in the thoracic region. The anterior part of the lateral surface 
of the coEurrm is formed by the sides of the bodies of the vertebno^ marked in tJie 
thoracic region by the fartts for articulation with the heads of the ribs. The inters 
vertebral foramina are placed helund the bodies and between the pedicles; they are 
ovaJ in shape^ smallest in the cervical and upper part of the thoracic rc|pons+ and 
gradually increasing in si^e to the lost lumbar ; they transmit the spinal nen^es and 
Vessels. 

The vrrtebFal follows tlie curves of the column ; it is large and triangular 
in the cervical and lumbar reginna^ w'here movement is free, hut small and circular 
in the thoracic region, where inoilnn is more limited. 

Applied AntH&mVr —Although iherr is only a very limited amount of movement 
bet^veen any tw^o contiguous wrtebntir, there is a considerable range of movenient in 
the vertebrid LolLirnn as a whole, 'rhe intcrv'crtebml discs act as buffers between the 
different segments and counteract or netitnilize the elfect of jir^i or shocks which may 
be applied to the column ; for example, dropping from a height on to the feet rarely 
causes concussion of the brain or spinal cord. I’be seeurity of the eolumn is also 
increased by the presence of the curves, which enable it to bend vvithoui breaking. 
The vcrteljTtc arc so firmly united to one another that viulGiice applied to the column 
is mure likely to produce fnieiurc or disIcH.^tion than a tearing uf ligEunents, except 
in the cerviod region where disliHation or suhluxation can (Kcur without bouy 
injury. 

h'ractures or fracture dislocations of the vertebral column are the result nf (1) 
forced flexion, c-k- by a violent hlnw on the back from a large object, and (i) violence 
inansmltied along the long axis af the column, e.g. by falling on to the feel from a 
height, or by diving n-u lu the hcad^ In the first group the injury commonly occurTj m 
the level of' 1 % 5 or T- 6. In the second group, owing to the normal curvature of the 
vertebral column, the Injuiy' la edso a flesion fmeture and its site is benveen T. ^ and 
1 ^. 2. (See alia p. 463). 

In spondylolisthesis, which is present in 5 per cent, of itkeleions,* the spine, 
lamina; and Lnferiur [irticukr process of the fifth (sometimes the fuunhl lumbar 
vertebra are united to one another but arc itE;patate from the rest of the bone. The 
condition may give rise to " hnv back pain and is ustEally regarded a.s due to a 
congenital defect. The jinacomical findings have given rise to the conjecture that 
each half of the vcricbnil arch osstfics from two primiLry ccnira, which Kail to fuse 
with each other in spondylolisthesis. There is no anatomical evidence in suppuri of 
thia suppositlon.f 


THE STERNUM 

General features.—The st^i^rnum (figs. 2^1 to zSy) is a long fiat bone, forming 
the median portion of the anterior wall of the thorax, [u average length is 17 cm., 
and is rather greater in the male than in the female, [ts upper end supports the 
clavicles, and iis margins articul.ltc with the cartilages of the first seven pairs of riba. 
It consists of three part.^, named from abt.w'c downwards, the mmuhrium^ the fr(?Jy 
and the xiphoid pFocest ; in early life the l>ody consists of four segments. Jn its 
natural position the inclination of the bone is oblique from above, downwards and 
forwards. It is slightly convex in front, and concave behind ■ it is broad above, nar- 
m\y at the junction of the manubriufu with the body, below which it gradually 
w idens as far as the level of the articulations of the cartilages of the fifth ribs, and 
tlicn narrows quickly lu its lower end. 

The manubrium sicrni is of a somewhat triangular form, broad and thick 
ahovct narrow below at its jujiction with the body. Its tutiferiof FUrfu^p is smooth^ 
convex from side to side and concave from above downwards. Its pf^tUFioF surface 
13 concave and featureless. The Si^peruJ^ hordtr is thick, and pre^ nls at its centre 
thi-ju^iilnF Iniprasrernal] fiofeh ; mx each side of this notch there is an oval anieutar 
• T. A. Wilti*, .'Iflf. % AmL, 34, e^s,!, 

f- Baifft, Jr.,^. Uifttf iifftiyvini Sur^., ar, ig.ig. 
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surface, directed upuTirds, backwards, and laterally, for an legation with the sternal 
end of the clavicle, and termed the citwieuiar mtch. 'fhe infermr bonier, oval and 
rough, is coveted in the recent state tvith a thin layer of cartilage, for articulation with 
the upper end of the body. The lalentf borders are each market! above by a depress 
sion mr the reception of the first costal cartilage, and below by' asmallartic ular fare I, 
which, with a similar one on the upper angle of the body, farms a notch far the 

F<a, a8i.—The atemum iwd oostai cartilaRtia. AnreriOr mpeen 



sternal end of tlie cartilage of the second rib. Between the depression for the first 
cartilage and the Facet for the second, the narrow curved edge slopes from 
above downwards and medially. The widest part of the sternum is at the level of the 
first costal cartilages. , 

Tlie body of the sternum is longer, narrower, and thinner than the manubrium, 
and attains its greatest breadth close to the Iwver end, Its oB^erior tuf/aee, nearly 
flat, is directed foruards and dightly upwards, pd is maiked by thrw ill-defined 
transverse ridges, which indicate the lines of fusion of four originally separate aeg- 
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mens. A sier/ml foramen, of vai^g B«e anti form* is occasionally ajfeji at the 
junction of the third and fourth pieces of the body (p. to&). The pOfterior turf ate, 
slightly concave, is nlso marked by three transve rsc tines, less dUti net, tiowever, than 
th^ on tlie anterior surface. The upper end is oval and articulates with the tnami- 
brium at the tternal anj/h, which forms a ridge on iJic aaturior surfaci! that can be 
felt through the sWn without tlifliculty. On the pt®tenor surface the poaltign of tlie 
manubrio. 4 tcniHt joint is marked by a tninsvcnsc groove {fig. zSa). The hmer etui is 
aaiTow, and atticulatis with the riphoid process. Each laterii/ border (fig, 2S1), 
at Its superior angle, has astnaU notch, which, with a similar one on the roanu- 
bnum, forms a cavity for the reception of the sternal end of the cartilage of the 
SCTond rib; below this, four ctrsial notebet articulate with the stema! ends of 
the cniiUages of the third, fourth, fifth and sixth ribs ; the inferior angle has 
a Small facet, which, with a sitnilar one on the xiphoid process, forros a notch for 


Fio. sSa.—Thic stEmum. PlMicriof asfiKt, 
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th<r recepibn af the cartilage of the seventh rib. The$e articular depresaiuns are 
separated by 4 scries of curved edg^, which diminish in Icngdi from above down¬ 
wards ^ and correspond to the aotcrior ends of the tntercosta! spaces^ 

I'hc xiphoid process^ is the smallest piece of aiemum and is thin and don* 
gated. It i^ eartilaginoua in youth* but^ at its upper p5Ut, more or less ossiliod in the 
adult. Alvove, it articuktes with the lower end of the body of the bone, and on the 
front of each superior angle there la a facet for a part of the cartilage of the aevenlh 
rib {% ^Sz). 

The xiphoid process varies greatly: it may be Ijroad and thin, pointed, bifid^ 
perforated* curved, or defiecied to one or other side. 

_ Particular featurcs.^Tbe manubrium lies opposite the third and fourth thor¬ 
acic vertebne. Jta f:w^en'o7 on each side, gives mEtQclitnt;nt to the sternal origins 

of the pectorolis major and stemomastoid tnuscles, Its postmor jMr/cjre g>es origin 
to the stemothymid muscle, opposite the firsi costal cartilage ; above thij levri the 
most medial hbn^ of the fllemoJiyoid uiaqily arise from the Iwe. This nurfoce forms 
the aiiterii>r houndar>' of the superior mediastintim and its lower part is related to the 
arch of the aorta, and Its upper pan to ihe left bmehiiaj^ephalic vein and the brachio- 



*56 OSTIiOLOGY 

cephalic left coltiinon earotid and left subclavian aitcncK- Its fatcrnli 

portiiJTiHi arc rtifitcci to the luJijfs and pl^tLirar. ITic jV/jjw/ar rrc/fA ^ivta attuchment to 
ijumc of the fibrca of the iowrclaviciilar lii^sment. On the ifordtr no joint cavity 

i& interposed between the TnanuViriuni and rhe hi^t coital curtilage, and ihc uninn is 
of the nature of a syruchondruats. 

The body lies opposite the fifth to the ninth dioracic vertebne. m attunar mr~ 
/oTf attachment^ on each sidcp to the anicular capsules of ihe sternocostal joints 
and to the stemni origin of the pectomlia major muacle. Its f^osierwr mr/act gives 
origin infcriorly to the tmnsversus tKr;naci5i (sitnim-ostalis) niuietcp and presents 
nunicmus important nelatjonships^ tJn the right side of the median plane it is rcUitcd 
to the righ* pleura and the thuii anterior border of rhe right lung, which intervene 
hetwixn it and the pericafdiuni. To die left of the median plane the upper tw o pieces 
arc related to the left pleura ond lung, but the lower two arc directly related to the 
pericanliutn^ Tlie give attachment to the cxtemRl iniercMtol tnembranes ki 

the intervals between the costal notches. With the exceptions of the first ond the 
sixthp the canttages of the true ribs articukte with the sternum a! the lines of junction 
of its primitive aimponcni segments. 

The xiphoid process lies in the floor of the epigastric fossa, Itn nftifnor mr/ac^ 
gives inSerticFii lo thr mast medial fibres of tlie rcctuR alkJominia and ta the apo- 
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ncurrrtes of the external an<l iniemol oblique muscles, tia /tKier rwd gives uttacluiiKiit 
to The linea *lba, and its i&rr/m to the apwiicutusoi tif the internal oblique and trans- 
versus aMominIs nujseles. Its /mirntfr aspert gives origin, «n each side, to wme of the 
fibres of the diuphragm, and 1* rcJateil to the snteriot surface of the liver^ 

Structiirc.—The atemum is compe^d of highly vascular ^pof\p^ substance 
covered by a layer of compact bonc^ which ia thickest on the manubriuiri between 
the clavicular notches* The spaces in the spongy substance contain red marrow. 

Ossification.—At an early stage of development (p. io6) the sternum consists of 
tivo cartila^nous rierrtal platts, one on each side of the median plane. Opposite the 
first eight pairs of ribs thetc plates fuse in the mciiian plane a^ut the eighth week 
to form the cartilaginous stemuni, which is ossified from six centres : one for the 
fnanubrium^ four for tbe body, and one for the xiphoid process (fig. ^^4). 

These centres appear lit the inten’sls between the cr^tal notches in the following 
order : in the manubriutti and first piece of the budyp during the iitxth morifh of intra¬ 
uterine life ; in the second ond third pieces of the body, during the seventh month of 
intrauterine life t in the fourth piece, shortly before birth ; and in the xiphoid process, 
in the third year or much later,* The manubrium may have iwo, threcp or more 
centres \ when twg are present, one is generally siluated nbm’c the other, the upper 
beuig the larsjcr. The first segment of the body seldom has more than one centre ; 
but the secondp third, and fourth segments are often ossified from two laterally placed 
centres. 

• Psfersdn {The Haman Sttrimm^ found the fourth pr lowest cflilTFC for the body 

prciicnt only in 26-^ per ocni. of enw*^ 
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Utiiuh bctu'ccn tlic ccnirc^ fof tiiff body bcgii:^ eiKoui puberty^ and proceeds 
from below upwrds {fig, 2S5) i by the age of twenty-five they arc all uniied. The 
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xiphoid process usually fuses with the body about 
the age of forty years, but may remain ununited in 
old age. ^ In advanced life the manubrium is occa¬ 
sionally joined to the body by boncn but when this 
occurs only the superficial part of tlie intervening 
cartilage is converted into bone ; the centrmi part 
remains uiiossified. 

Siipr&strrna( ossiiUs, which may be paired or 
single, are present in 6-S |>er cent, of cases. Ilicy 
may be fused to die manubrium or they articulate 
with it at the lateral border of ihi: jugular 
notch poateriorly. When well formed they arc 
pyramidal in shape, the base of the pyramid form¬ 
ing the articular surface. Cartilaginous at birth, 
they become ossified during adolcsccucc^ Thev 
are believed to be homologous with the epicora- 
cQid element of the primitive shoulder girdle and 
usually possess same attachment to the articular 
disc of the srumoclavkulor joint. 


Contal Cfnvrct 


I H Till-: RIBS [COSTJE] 

The ribs arc elastic archea of bonCp which art 
! connected behind with the vertebral column, and 

\ ftinn a krge part of the sIcelcEon of the thorax, 

\ 'I’hey arc twelve in number on each side; bui this 

number may be inertostd by the development of 
V nm a ccn-ical or a lumbar rib, or may be reduced to 

eleven. The first seven arc connected in front, 
Y ^ through the intervention of the costal cartilages, 

V, with the sternum (fig, thev are called ime 

Y dfc ribs.* 'l^hc remaining five are/oifj ribfl-; of thesic 

Y \ m the cartilages of the eight ninth and tenth are 

m joined each to the cartil^c of the rib immcdiatety 

vK jk above i the elevcuth and twelfth are free at their 

^ anterior ends and are often termed Jfoa(i^ig nits. 

The ribs are situated one below the other in 
TL such a manner that spaces* called 

arc left l>e tween them. The spaces art; deeper in 
front than beJiind, and they are deeper between 
the upper than between the lower ribs. The ribs 
vary in their direction, the upper ones being less 
oblique than the lower; the obli(|uity reaches its 
maximum at the ninth rib, and gradu;ily decreases from that rib to the twelfth. The 
riba increase in length from the first to the seventh, below winch they diminlah to 


• -SfHTterimrB the C3|?hih rib cartLIj^iv articuktti wiili the »tcmuiit 5 this etnidirjon qccujb 
tiKifc frequciitlir on fh** right side thun dti the left. 
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ihe t«eUih. In breadth they decrease successively from above downwards i in ihe 
upper ten the ciwitest breadth is at the anterior extremity, rhe first two and 
the lost three ribs present special features, but the remauung seven conform to 

General features of the ribs (%. ^86, 387)--A nb from iJie middle of the 
aeries should be token in ordef to study the general features of a typical nh. 

Each rib hos a posterior and an anterior end, and an mtcrvenmg portion— 

The anterior end can be distinguished by the presence of a smid^up-shapcd 
depression, which recdvca the loienl end of the coataJ camlogc. The shaft la 
curved with the convexity outvwds, and is grooved along the lower part of ns inner 
surface so that the low'er border of the shaft is thin and sharp in contrast lo the thick, 
rounded upper border. With this information the student is in a position to assign 

a typical rib correctly to its side of the body, . . i i 

"The posterior or vertebral end pcsseBscs a head, a neck and a lubcrcle. 

The hfiid presents two facets, ^eparaicd by a transverse ridge, named rite rr«^ 
The lower facet, tvhich is the larger, articulates with the body of the numerically 


Pic. iS7,—A t>'pM3il rib of the left side. Poiteriar gspecc. 



oorreaponding vertebra ^ the upper facet arttculatcs with the vertebra above, and 
the crest of the head ta placed opposite the intervertebral dtsc. 

The ntek is the ftattened portion which succeeds the head ; it lies in front of the 
transverse process of the numerically com^sponding vertebra. It is placed obliquely 
that its ajiierior surface faces forwards and upwards. Ita^ poatenor surface la 
directed backwards and downwards, and is roughened and pierced by nutnerouB 
foramina. Its upper border ia sharp and forms the cretf 0/ the neek d/ the nb : lO 

lower border is rounded. , ^ 1. u l 

The tuberclr is placed an the outer surface of the posterior part of the nb, at the 
iunction of the neck with the shaft 1 it is more promiiient in the upjrer than in the 
lower ribs and is divided into a medial artictilnr and a lateral non-articular portion. 
The articular portion bears a small, oval facet for articulation with the transverw 
pmeesa of the numerically corresponding vertebra; the non-articular portion is 

rough for ligamentous attachments. * j • 1 _t 

The is thin and flattened, with on eattcmal and an internal surface, a 

superior and an inferior border. It is not only curved but is also bent, and tlie ^tgle 
is Bttuaied 5-6 cm. from the tubercle. In addition, the shaft is alighdy twisted in its 
lontf axis id this mav be demonstrated if the rib is placed with its lower border m 
contact with a horUnntal surface. The part behind the angle inclines medially and 
upwards and its outer surface faces downwards and backwards i in front of the 
angle the outer surface faces sUghliy umvards, 'I'hc txfcmat turf ace ja convex and 
mwtb A short diatanee from the tubercle it is crossed by a rough line, directed 
down^vards and laterally, which marts the position of the angle. The fw/rriuj/ surface 
is smooth and is marked along its lower border by a groove, tcmtcd the costal groove. 
which is hounded below- by the inferior border of the shaft. The upper border of the 
gn»ve is continuous behind with the low-er border of the neck, but anteriorly it 
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te^naCcs at dw junction of the middle and anterior thirds of the shaft; in front of 
this point, the groove is absent. 

• • u ^ ja moat Curved and UBtially the shortest 

jt IS broad and flat, its surfaces facing upwards and dmvmiards, and its noracf* m- 
wnrda and outward*. It is placed very obliquely in the body^loping downward 


Flo- 2^. Thr fint rib of the left side. Superior ispeci. 




and forwards from its vertebral to its sternal end. The hfad Is aniaU and rounded, 
and beara a single, nearly arcular, articular facet, which articulates wdth the upper 
part of the srde of the body of the flrst thoracic vertebra. 'Ilic ntek is rounded irad 
IS directed upwards, baawards and laterally. The lubmlt, thick and prominent, is 
directftl upwards and backwards ^ it beats an oval facet on its medial part for 
articulation wnh the transverse process of the first thoracic vertebra. At the tubercle 



FlC- 289. -The secund lib of thr left »id«. Superior aspect. 
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the ttb IS iMnt, ro that the head of the l>one ia directed slightly downwards : the 
angle an d the tube rc e therefore coincide. The upper turfaee of the shaft is crossed 
obliquely by two shallow grooves, separated from each otlwr by 3 slight ridge, which 
at the inner border of the nb in a small projection, termed the rraW tiAetcU, 
under is smooth and has no costal groove. The twirer border is convex 

thick behind, but thin in front. The Hum border is concave and thin, and marked 
i^r centre by the scalene tubercle. The anterior end is laracf and ihiciccr than 
that of any of the other ribs. 

The scewd rib (%, aSq) is about twice the length of the firat, but has a simibr 
curvature. The noiirarticular portion of the tiAercte is often small. The angie is 
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slight, and situated close to the tubercle. The %hajl is not tivisted, &□ that both ends 
of it touch any plane surface upon which the rib may be laid ; but at the tubercle 
there is an upward convexity^ similar to, but smaller than, that found in the first rib* 
The surface of the shaft is convex, and looks upwards and a little outwards i 

near it? middle it is marked by a tough, muscular impression* The infernal turjace^ 
smooth and concave, is directed dow tuvards and a little inwards ; on its posterior 
part there is a short costal groove. 

The tenth rib has a single articular facet on its head, w hich indy aniculatc wim 
the inten’crtebral disc above as well aa with the upper border of the tenth thoracic 
vertebra close to its pedicle. 

'riic eleventh and tivelfUi rtbs (fig. 290) have each a single articular fat^t on 
the head, which is relatively Ur^ ; they have no necks or mlwrcles ; ihetr anterior 
ends arc pointed and tipped with cartildge. The eleventh has a slight angle and a 
shallow costal groove. The twelfth has neither j it is much shorter than the eleventh, 
and its vertebral end is directed slightly upwards. The inner surfaces of both ribs 
look ifpteardi as well lii inwards, the upward inclination being more n^arked in the 
twelfth. Sometimes the twelfth rib is shorter than the first. 


Fic, jyo.—twelfth rib of tHF left 
midc. Viewed frqitl bchifid- 


PartJeular features,—'Hie head a/ a rib gives nttnehpent along its anuriijr 

hordt-^r to the radiate ligament, itnd its crest to the imrti-arlLCular llgatnvnt. The 
anterior Surface of the head i* related to the costal pleum, and, in the lower ribs. To the 
sympathetic trunk. The anirrior sur/aee of the neck is divided into an upper and a 
lower urea hy a faint ridge, which a^ffords atiachmcnr to the internal intercostal mem- 
bnme and is conriFiuousWith the inner of the l%vo lips un the superiof border of the 
shaft The upper area, of varying siiv and more or less trisngiilar in Bhape^ is separ- 
atc<l from the internal intercostal tnembrant hy some fatty iksac 3 the lower area 
i:^ smoorh and covered wuth the costal pleura. The posterior surface of the neck 
gives attachntcnl to the costotninsveirse tigamcnr and ia pierced by numerous 
vascular foramina* The erfsi af the neck i& rough for tlie attachment of the superior 
costomina verse ligament, and it can be traced 1 ate rally into the outer lip of the superior 
bordur of the shaft* The in/erinr bonier of the neck ii rounded tiitd can be tTaevd 
laterally into the uppt^r border of tlie costal groove ; it gi%ca attachment to the 
tiuenml i ntercosiol membrane. The arliatfctr part 0/ tke tuhcrcU conforms to the shape 

of the articular facet on the transverse process 
of the corresponding vertebra. Tn the upper 
six riba it is con vex and filers backwards :md 
medially; in the succeeding three or four ribs 
it is flattened and faces doivnwnrds, backwards 
HTid slighUy medially, 1’hc uon-arficutiMw pcirf of 
she tubercte gives attachment to the lau^ral otssto- 
transverse ligament. 

Tlie ridge which marks the angh on the 
externai surface of tlie shaft of 0 typical rib givc^ 
attachment to the upward continuation of the 
lumbar fascia and the nuast lateral fibres of 
the iliocoiiiahB thoracis muscle. From the second 
to the tefnth ribs the distance between the angle 
and the tubercle becomes progressively greater. MeiJiad io the angle, the cs- 
Ecrnal surface gives attachment to the corresponding kvator costa: and is covered 
(7V the erector spina: (sacrt^spinalis) muscle^ Near rise sternal end of this surface 
indistinct, oblique line (which marks tlie anrericir angW) separates ihc origins of the 
external oblique and the sertaiufl anterior (or latis^iEinis dorsi, in the cases of the ninth 
and tenth ribs). The attfol on the internal surfact‘ gives artsebment to the 

internal inicrmsta] muscle, which intervenes between the h\ine and ihe infvrc^^taE 
veKwia and nen'e. .Vt the vertebral end caf ihc bone the groove fiices downwards, as 
its btuders lie on the same pljne. Near the angle the shaft broadens and thv goTKive 
passes tin to the intemoi stirFacc. line upper edge of the grfjtwc givsjs uUachment tn 
the intcrcostalia intimus, which rarely extends on to the anterior fourth nf the rib. 
E^ostcricitly this edge is crmlinuoua with the lower border of the neuk, 'Fhc sharp 
lower boitict (if rht rib gives origin to the external intercostal muscle. Its upper 
btjrder is marked, postvrifKrly, by an inner and jut outer tip : the innur lip gives attach- 
mtni to both the intcr^talii intemus and intimus ; the outer lip gives attaehmem only 
to the intercostalis excemus. 

'I 'he first rib (fig, zSK) presents important particular features. Tlie tuherdej&r ike 
tcaicnm antcriar muscie, which also cxtindi on m the adjoining part of the upper 
jio/oce, ii placed nn the iniemaJ border about its middle* The tirrxjve in Front of the 
tubercle lodges the subclavian vein, and the n-rvspjlEirly roughened area which inter- 
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vcnt-s it and the fir^t costal cartilage fiivts aiiachmcnf tL» the eu!L|t}eWiciilur 

EJ^anient and, more anteriorly, to the Kuhcbvtud tnuscit. 'Ehe h^rtHivc behind the 
tobercle i& occiipi^rd by ihc subclavitin jftery and^ as a rule, the kiwer trunk of the 
brachial plcsus.* Ikhind lhj» arnovic a rouph area which extendi^ as far as the ec^^tql 
tubercle jjives in^rrion In the scalenus medium, Hie obliquity of the Br^t rib i» 
res|Kin?jble for ihc obi Equity of ilit thoracic tnlcT and accounts fiir the appearance of 
the apex of the lung iia ihe root of the neck. 

*rhc OHfer bdrifer nf the first rife is thin anteEiorly but is thicker behind, where it ia 
covenrd by the sciiIcells posterior as it descemb to the second rib for its insertion. It 
gives origin ft> the upper part of the first digitatLon at the sermtua untcriorp behii%d 
and opposite to the groove for the subclavian artcrj', I'be iwHfr Weftfr gives attach¬ 
ment to the suprapleural menibninc, which cenvera the cervical dome of the pfetirH. 

The Bc-cond rib {fig. bcar^ a rough tuhercUfor thf tmnius untfrior musdfon its 
exiernal surface just behind its midptiint ; this tubercle gives origin iu the lower part 
nf the first and the wKe^Ic of the second digi ration. I’he c&stai gr«?of'r is verv ptMjrly 
marked on the intemui iur/acf and is restricted lo ita pi3£iicrior part. 'I'he second inter- 
^tfll nerve lies bctw'cen the second rib and the pleura in rntrat of its course. The 
inner and outer lipi nf eItc upper border are distinct and arc w idely separated behind. 
Immediately in front of rhe poorly marked angle the outer lip ia rejughened tn giv^ 
miUirtinn to the scalenus posteriorn 

The rwelfih rib (fig. although short, gives attachment ie» numerous muscles 
and ligaments. 'I'be low^ci part of its uafm'or surfa^r, in its medial half m two-thirds^ 
gives insertion to the quadmtus lumborum muscle and its covering fascia. Lateral 
and superior to these attachments the surface is related to the costodiaphragmatic 
recess of the pteura. The Aordnr gives attstchmenl to the middle lamella of the 
lumbar fascia and, at the lateral border of the qtiadmtufi lumborurri, to the lateral 
hjmbfic<»siiHl arch fp, 5 ^ 5 )- Hosterinrty^ close to thv head, it gives ottLichment to tfic 
lum ^costal [igament (p. 473L Isy w hich it is connecied to the transicrBc prticesa of 
the hrat lumh,^r venebra. i’he riirfurr gives artachnw^nt to the lowest levator 

costa:, the longissEmus thoracLi, and the iEiiKostalis. in its medial half s more laleially, it 
gives inscnfnn m the serratus posterior inferior^ and origin ie> tbt latissimus dE>tisi iintl 
ihe external oblique muscle of the □hdomEi'n. 

It should be observed that l/w (oKfT iitnii nf itif pfeitmi snr crejjrfr ihe afUerior lupect 
0/ the Hht approximtileiy of (he pnint nherr fhe rih ix (rnsted hy- the htera! border 

of the iltorotiaiis rtttmfe. 'Hie lateral estremity of the rib usually Lies trelow the line of 
pleural rcfiection and iii therefore not covered w'jth pleura. 

Struclure.—M'hc ribs consisr of hiKhly vascular sponjfy' &ubslajicc+ which is ern^ 
closed in a thin layer ut ci>mpact substance, and contuins a large ptoportEOTi of red 
marmw, 

Ossjilnarion.^—Each nb, with the exception of the first and the last iw'o, is E>ssificd 
rrE>m four centres ; n primary centre for the shaft, on-d three secondary' centrcs^ one 
for the head and one each for the articular and non-articular parts nf the tubercltst 
Tho primary centre appears near the angle, towards the end of the second month of 
intrauterine life, aiid is seen first in the sixth ojid seventh ribs. The secondary centres 
for the head and tubcrck appear ulHiut puberty, and unite w ith the shaft aujcin aftt-r the 
rw^ciiiicth year. The first rib has three vcntTeii, vIk. : a primary ruic for the shaft, a 
secondary centre for t\\c head, iind tme fnr the culierele. I’he clvveitth anti twelfth 
ribs, being destitute nf tubercles, have each nnly two centres. 

THE COSTAl. CARTILAtiKS 

Gcrtenl features.—The costal cmik^es (fig. bars of hyaline cartilage 

which extend fonvards fmm rhe untetiot ends of the ribs and contribute very 
materially to the elasticity of ihc walhi nf the thorax. The fit^t &evcn pairs are con¬ 
nected with the sternum ; the eighth, ninth, and tenth are articulated each svith the 
lower border nf the cartilage immediately above j the lower two arc pointed, and 
end in the muscular wall of the abdomen. The cosul cartilages vary in their length* 
breadth and dircciion. TItey increase in length from the first to the seventh, and 
then gradually decrease to the twelfth. They ditTiinish in breadth from the first to 
the last, like the inicn aJs between them. I’hcy are broad at their attachments to the 
ribs, and taper low arda their medial extremities, with the exception of the first and 
second which arc of the same breadth ihroughout, and the sixth, seventh, and eighth 
svhich are enlarged where their margins arc in contact. The first cartilage descends 

• The iiuimatc rvlitionidiip of the ihr fint rib if oflcn denied, but it can be 

dcmon^lrMTcd in moat Eubjects In the dliSfCtting mim. 

t E, Fu^xetc atatca that " in all profeabiliw therfi h uiufilly no epiphysis on ihc non- 
arficulrif pirt of rht; nabt^rwity below- the Rixth or wvchlh rih " tijfimrmf ttf Anor^ntY tfnd 
Phytndof^W vol, siv). 
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a ihc sccofici ifi harizontal, tlic third ft^ccnds^ slightly* whilt ihe others aie 
angular, continuing the course of the ribs for a short distance* and Then mcljntng 
upwards to the sternum or preceding caitiiagCi 

Articular reatuTes+^—iiacli ctKital curzilage has mo surfaces, two borders, and mo 
ends. The snferiW is conveSp and faces fom^ards and upwards : that of the 

pfives aEtachment to the stemneluviculQr articular disCp the costocbvicalnr Ngainent 
and the subdavius muscle ; those of the first m or seven at iheir rtiedial ends* to the 
peelis major muscle. The others are covered by^ and give partial Dttachimcni to, 
some of the flat musejea of tJtc anterior abdominal w^all* "l^he lar/ace h con¬ 

cave, and directed backwards ond downw'unJs i tltai of the firsE gives attacluiicnt to 
the sternothyroid^ those of the second todie j^ixth inclusive to the trans%XESti9 thomcis, 
and the six lower ones to the tninsvvrsus ahdomints and the diaphragm. The tuprriar 
hifriirt Ls concavcp and the m/erior convex ; Ehcy slTord attachment to the internal inter- 
costal museks, and the eXEemal interccatol membEanes. *Lhc inferior borden? of die 
gisih. Seventh, eighth and ninth C4ir[ilu^^^^'s present heel-like projections at the points 
of greatest convejtity^; a similar projection is frequently present on the lower border 
of the iifdi cardlage. On these projections are oblong facets which artieulKTc res pec* 
tively with facets on shghr projections from the supwrior borders of the sixth, scvxnth^ 
eighth^ ninth* and tenth cartilage^. The lateml cjtd of eiich cartilage Is conlmauLUi 
with the EitsscoLis tissue of die oonresponding rib. The medi^il fnd of the first is con- 
ttnupti^ w'ith the sternum X the medLaJ ends of die sis succeeding cartilages are 
rounded and artioilato with the shallow costal notches on the lateral marginis of the 
stetnum. The medial ends of the eightli, nintli, and tenth costaE cartiliiges are 
pointed^ and each is connected with the cartilage immediately ubuvc. ''Iliosc of the 
eleventh and twelfth arc pointed and free. 

[n old age th«! costal corrilages arc prone to undergo supcrHciaj ossification. 


THE THOIL\X 

The skeleton of the thorax or cbe^it (fig. igijp is an cjscocartilagjnous cage 
which contains and protects the principal organs of rtispiration and circulatbn. It 
is conical in ghapr, narrow above and broad bebw’, flattened from before backw ards, 
and longer behind than in front h It is reniform on horizontal section on account af 
the forward projection of tb^ vertebral bodies. 

Boimdarits.—PojtmWv it is formed by the twelve thoracic vertebra; and the 
posterior parts of the ribs. At each aide of die vertebral column there is a wide and 
deep graove in consequence of the lateral and backwanl direction which the ribs 
follow from thdir vc rtebral cxtiicmi tics to thei r angles. .'Inirrhrty it h formed by the 
sternum* the anterior ends of the ribs and the costal cartilages* and this surface is 
flattened or slightly conveit. L^teraJly it is convex* and is formed hy the ritra. The 
ribs and costal cartilages arc sepamted from each other by the intercostal spaces* 
eleven iti number* which arc oeenpted by the interEx^stal muscles and membranes. 

The rVi/r/ of die thorax is renifocm in shape; its aiiteropOEtcrior diameter is 
about 5 cm.t its transverse about to cm, U slopes downwards and forwards, and is 
hounded by the first thoracic vertebra behind, the superior bi>rdcr of the manubrium 
sterni in fro^t^ and the first rib on each side. The is bounded by ihc twelfth 
thoracic vertebra behind, by the twelfth and eleventh ribs at the sidea* and in front 
by the cartilages of the tenth, ninth* eighth* and seventh ribs, which ascend on each 
side and form an angle, termed the m/raifrrnal The outlet ts w ider trans- 

vertciy than fnoin before backward!^* and slopes obliquely downw-ards and back¬ 
wards’: it is closed by the diaphragm* which forms the floor of the thorax. 

The thorax of the female ditTcm rrom tliat of the male as follow's : Its capacity 

is lees, 2. The sternum is shorterp and its upper margin is on a level with the lower 
part of the body of the ihiitl tlioraeic vertebra, whereas in the tnaJe it is on a level 
with the lower part of the body of the seconds 3. The upper ribs are more movTiblc 
and flo allow a greater cxpansifin of the upper part of the thorax. 

AppUfd Anatomy.—Fmvmrc of the stcnium is by no means common, owing^ no 
doubt,. Eo the claariirity of tJit: ribs .md their eajrlikg4?a, which suppcjn it like so many 
springs. 

TTie riba arc frequently brok4;n, though from ilicij- connexions and ah ape they arc 
able to withshsod great fnrec, y-ielding under pt^ure and recovering themsdves like a 
spring. The middle ribs are ibe must liable to fractum. The fmeture generally 
oceum from indirect riolcnce from fiiTcible etjmpre^Eon of the chest waJli, and the 
bone then gives way at its wejikest part^ i.c. just in front of the angle, Buf the rihi 
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may ako be bmk^n hy direct viokncci in which c?i5c the bone U driven iniivirdi at 
the point of irnpftcu Fracture of the riba is frequently cuoipLicatcd with some injury 
to the viseem contained wilhin dte tlionuc or upper pnrt of the sbdominal csavitj- ^ this 
is most likely to occur iri fractures from direct violence. 

Cervical riba derived from the sev^enth crrvjr^J vctTcbra (p# 1 06) urc of not in fre¬ 
quent occurrence, and ate important clEnicahy bccim^ they may give rise to nervuui 



Fto. 29 X.—tbelcion of the tberax. Anterior papect. 


or vascular syTuptoms* The cervical rib nifiy be a mere epiphysis artLculiiTintt only 
with the tnin^vcrse proceas of the vertebra, hut moit common ly it consists of a definite 
hcad^ neck and tubercle, with or without a shaft. It extends laterally^ or forwards and 
laterally^ into the postciiar itian>»le of the neck, where it may terminste in a free end of 
may join the first thoradc rib^ the first costal cairilaj^e^ or the sternum.* It varies 
much in shape, sis^e, ilircctiun* and mohilily. If it reaches far enough forwards, its 
relations are similar to tliose of the first thoracic rib [ part of the brachinL plexus and 
the subclavian artery and Vein emss over it, and arc apt to suffer compression in so 
doini*. Frefifiurv on the plexus affects the eighth cervical ftnd fin^t thcratic nerves, 
causing pandysis of the muscles they supply, end neuralgic pains, trophic changes and 
pancsthcsla in the area of skin ta which they arc distribufed : no oculo-pupilldry 
changes are to be found. 

• Wx Thorbumi TAc Mrd, Chroriicfe^ MajichnEerk 4th serirs, viv, 1907, 
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THE SKULL 
INTRODUCTORY 

TTie paragraphs which follow are Lnccndcd primarily for the student who has no 
previous knowirage of the skiilL«* and may well be amittcd by those who are already 
familiar with its principal features* The detailed description of the skull commencea 
on p, ^69, 

The skull is the skeleton of the head. It is made up of a largie number of bones 
whichf with the exception of the mandible or lower jaiv, are so intimately connected 
to one another that no movement is possibJc between them- The lines along w^hich 
the indi%idual bones meet one another are, for the most part, very irregular and arc 

Fig. nkijl]. {Ndtma lntctmliB). Campiire wkt 
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frequently serrated like the edge of a saw (fig. 296). I'hcse Immovable joints be¬ 
tween the bones of the skull are tenntd suruf^s. They am easily seen in tlic skulis of 
young adults, but, as old age approaches, contiguous bones tend to fuse with each 
other and the suture lines become more or less obliterated. 

When the mandible is left out of account the remainder of the skulls strictly 
speaking, consritut^ the cranium ^ but in this teatbook^ as well as in many others, 
the term skull is widely used with the same significance. The upper part of the 
cranium forms a box to enclose and protect the bram, and is often termed the 
cahajia. The remainder of the skull forms the faaat shhton^ of which the upper 
part is immovably fixed to the calvaria and the lower part is the freely movable 
mandible. 

The skull, considered as 3 w^hole^ is of much greater importance to the student of 
medicine than the individual bones of which it ift made up. Nevertheless the 
position of the individual conAticuents must be determined twfore the student can 
be in a position to follow the more detailed description^ 

• Sft Sm npte on p. 
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The skull as a whole may be viewed from above (norma %^ertica]is), from below 
(noma basaJifi), from behind (norina occipitalis), from in fronc {nomm frontalis) 
ajid from ihc side (norma bteralts). The roof of tlic calvaria, or may be 

removed and the intmor 0/ r/w skull may he cxaitiinedr In the erect iittitudc the 
lower murpns of the orbital openings and the upper margins of the external acoustic 
tneatuses lie on the saniE hori^onta] plane, and il is important that the student 
should bear this in mind when he is examining the various aspects of the skull. 

The region of the forehead is formed by the Frontal hone (fig 393), which 
passes back%vards in the vault of the skull as far as the miure, where it meets 

the anterior borders of the right and left Farieml bones^ These two bones together 
form the greater part of the top of the (jead, and they artictdalc with each other at 
the serrated sogifial Tutur^. Posteriorly they extend backwards to meet the 
Occipital bone^ w'hlch forms the back of the head. Owing to the A figure formed 
by the meeting of the sagittal with the parietOH^ccipiuU sutures, the latter are named 
the hmhdoui itti/urtf. Each parietal hone extends downwards on the side of the vault 
until it meets the upper limit of the^rtuttr of the Sphenoid hone in front* and 
the sifuamfjus p»rt of the Tempora] bone behind. When the skull cap is reniovcd, 
the section passes tlirough the frontal bone and usually cuts across the lower part of 
the parietal bone, but it may invoke the squamous part of the temporal bone. 
Posteriorly the section cuts the occipital bone. Consequently, the skuH cap consists 
of (1) a large pan of the frontal bone, (2) niost of the two parietal bones, (3) possibly, 
small parts of the squama; of the temporal liones, and (4) a sniall pa rt 0/ the occipital 
bone. 

When the sktill cap is removed, the floor of the calvarig, almost imaiiablv 
termed the base of the skull, is exposed. It shows a natural subdivisfon into three 
areas, which are named the anterior, middle and posterior cranial fossa? (fig. ^93)^ 
The anierior cmiual fos&a forms less than the anterior third of the base and h 
limited behind by a sharp edge on each side of the median plane. It is important to 
ohserv'C that the floor of the anterior cranbi fossa constitutes the roof of the orbit, on 
each side, and the n>cjf of the nasal cavity, in the median area. On each side of the 
median pbne an orbifai part projects backwards from the Frontal bone and con¬ 
stitutes mml of the r^iof of the orbit. 'I'hesitr two plates are separated by a relatively 
narrow inten'al, which is occupied by a perforated strip of boneK 'rhis Is termed 
the cribriform pluic of the Ethmoid bone ; it fomts a large part of the rtwjf of the nose, 
while the rest of thg bone to which it belongs panicipaies in the formation of the side 
walls of the nose. In the median plane the crsbriforni plate bears a crcstlike clcvi' 
tion on its upper surface, termed the crista gatli. 'I'he most posterior part of 
the flof>r of the anterior crsiniLil fossa is formed by the Sphenoid bone^ In the 
median area the front of the bitdy of the sphenoid meets the cribrifnrm plate of the 
ethmoid. On each aide a narrow lesser fctug projects bterally from the hrsdy of ihc 
sphenoid and meets the [posterior margin of the orbital part of the frontal hone. It 
is the sharp posterior border of the lesser wing of the splirnoid twnc which forms the 
posterior limit of the Roor of the anterior cranial fflssjmn each side of the median plane. 

The middle cxanial fossa (fig. 293), which lies Immediaicly behind the anterior 
fossa, is of small extent in the median region but is e.xpanded, in a backw'ard and 
lateral direction, on each side. The narrow median portion of the floor is formed by 
the body of the Sphenoid^ the upper surface of which is hollowed out to contain the 
hypophj^is cefebri—an impoitant ductless gland. The floor of the lateral part of 
the fossa is formed by the tmtg of the sphenoid in front, and by the petrous 

part of the Temporal bane bchlnth The greater wing extends laterally from the 
aide of the body of the sphenoid and cun es u]>wan.ls in the side of the skull to roach 
the antcio-infcrior part of the parietal bone. Behind it the door of the fossa is 
formed fay the anterior surface of the petrous part of the teniporul bone, which is 
continuous laterally with the squamous part of the same bone. 

The posterior cranial fossa (fig. 293) Is almost ctreuJar in outline and occupies 
roughJy two-fifths of the base of the skolL It is foraicd to a ^ ei^ large extent by the 
Occipital bone. The large opening in its floor, temped the foramen magnum^ h 
placed entirely within that brant and sliows the brain to Inp^me contiiuicus with 
I he spinal medul la. The anterior part of i h e friss:i is formed by t he bmihtr part of the 
occipital bone, which is fused in front with the posterior part of the sphenoid faonc* 
On each side the lateral wall of the fossa La formed by the posterior surface of the 
petrous part of the tcmponil bone abovc^ and by ibc luierai (condylar) part of the 
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occipital booc, below. The mastoid of the lemporal bone, w hiet lies immc Jiatelx 
behind the petrous partt helps the sqttamous pittt of the occipital bone to oomplete 

the fossa, 1 L i.- 

When the skull a viewed from in from (norma frontalis, fig, 1^4) the orbits, 
which lodge the evcbalU, and the anterior aperture of the nose, can easilv be identic 
bed. 'fhe part below the mouth is formed entirely by the body of the Mandible j 


Fkj. aoj-—The internaJ rtirfuce of The left half of ihe base of the skull. (SoHa 
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the part above the mouth m formed abnost entirely hy the Maxilla p or upper jaws. 
These bancs form the upper boundary of the mouthy and the lower and lateral 
boundaries of the anterior nasal aperture. In additioni on each side the maxilla 
forms the medial part of the lower margin of the orbit, which it helps the Zygo¬ 
matic bone to ix^mplcte, wdiUe its frontm process ascends in the medial inargjn of 
the Orbit to reach the Frontal bone. The frontal processes of the two maxil^ arc 
Bcparaicd from each other by the two Nasal bonest which form the upper boundary 
of the anterior nasal aperture. 
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When the skull h viewed from the side {norma latentlis^ fig- 503) the r&mus of the 
Mandible, which pa^es horn titt posterior end of the body of the bone 
and slightly backwards to reach the cranium, can be identified without difficulty. 
The head of the mandible, which lies at the upper end of the posterior border of the 
ramus,, ts received into the ardcular fossa on the under surface of the squamous part 
of the temporal bone. The back of the inandihular head is separated from the ear 
pasragep termed the extemaf acausUe meaWi, by the tympanic part of the temporal 
bone. Above and in front of the meatua the sygamaiie process of the temporal 
bone passes forwards to meet the Tj^gomatic or cheek bone, and the tiivo form the 

FlO. 204-^—^The akiill. Anterior [Noirnii froTitaliiJ 
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sygomatie arch, which is separated by a wade gap from the rest of the side of the 
skuJt. The Zygomatic bone is responsibk for the prominence of the upper and 
anterior part of the cheek. It forms the lateral part of the lower margin of the 
oriiital openingp as already stated, and ascends in the lateral msig^n to meet the 
Frontal bone^ 

When the mandibk is removed (fig. 306) a process of bene can be seen immedi¬ 
ately beliind the maxilla and above the level of the inaxillary teeth. This is the 
pterygoid process, which projects downwards from the Sphenoid along the line of 
union of its greater wing with its body. It consists of a large laicral plate with a 
smaller, media] plate on its medial side. 

The inferior aspect of the cranium [norma basalis, fig. 2^5) is termed the external 
aspect of the base of the skulL It should be examined neKi* Posteriorly the 

















26S 


OSTEOLOGY 


Occipital bt>iic, with the foramen ma^um^ can be located trithout difficulty. 
LateraJ to the foranrhen magnuni the occipital bone articulates with Xhcpus^^rrwr pffrl 
of the Temporal bocie^ Antero-Iatcmlly it articulates with the ^rlrnitf part^ whteh 
extends forw'anls almost to the root of the ptrrygmd In the antenor part of 
the inferior aspect of the cranium^ the bony palate, which lies in the roof of the 
mouth, can hw seen within the arch of the teeth of the maxilla. Four bones contri- 


FHh 2g5.—Outline drawing cif nomia basa]!^ CdtnpQre with 6g- 3a7« 



a'cjiiiM’ tdi m. 


tMrisFfpl 


rr^lUkiif «idt( JofqliAt ^ (orifiM) 

rviwi«rpi ntr 
Lmffvjt iMpiti* fli. 

«tC 

On^irM> 

^viui c*|iitu 41. 


eoptiii pmlfTiiVt 
majatm- 

jM^iTwf * LBW Pit. 

ifmp^rk/r n- 






lUituftfr 


p^fwanpld wLi 
vjtptt A^m 
AMwi iw. 


m. 

fjirtilar p^i p*, 

m, 

Rf^Trit « 

ni'^ifrtr m. 

iHL. 

-s>?r.Tjifcj mpiiu m. 

OCrijir'fir/Li 


mL 


bute to its formadon^ viz** the two Maxillae and the tivo Falatinc bones. The 
anterior tluee-fourths of the bony paJaie arc formed by tJie pafatint py 0 c€ue$ of the 
masilhci which meet each other jn the median plane [ the pojiterior fointh is formed 
by the horiiUffttal pIaU 4 of the pahim bonrs* The pala tine bones are now secn^ in 
paj% for the lim rime j their pfTp^dicvIar pji^lrt are still hidden as they ascend^ on 
each side, from the lateral border of the horii^nlal plate to form the posterior part 
of the Lateral wall of the nose. 

The Lacrimal bone^ which li« in the anterior part of the media! w^ll of the 
orbit, the Vomer, which forms A lar^e part of the oasal septum (fig, 315)^ and the 
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Inferior Conehaf which li-ra 10 the ktcral of the nasal cavity^ can be ^en only 
when ihc orbitm Ai\d the nmc arc examined (pp. 274 and 300). With thefse excep- 
cioris all the boiWA of the (dtull have now been lilentihed^ aiul the student is in a 
position to undemke pr!>htably a more detailed study of the likuli as a whole. 


THE EXTERIOR OF THE SKULL 
NORM A VERTICALIS (fig. 296} 

The outline of the skuU^ a?seen from ibovcp varies greatly in different specimens. 
In some the outline is more or less oval: in others it is more nearly drculaip but its 
greatest width is usually nearer to the occipital tlian lo the frontal region. Thia 
aspect of tlie skull is traversed by three sutures, (i) The ^roml Tuiurc is placed 
between tlie poaterior edge of the frontal bone and the anterior borders of the 
parietal bones. From the median plane it passes downwards and fonvar^ls across the 


FlC. — ^^"rhe Rkylh vtcivcd from obo^^e- 



cranial v^ulU (a) The suture is placed in the median plane between the 

interlocking upper borders of the two parietal bones. (3) The l^imbdoid suiure b 
placed between the posterior borders of the parietal bones and the superior border 
of the squamous part of the occipital bone. Ic runs downw'ards and forwards across 
the cranial v'auJt* The mceting-plact of the coronal and sagittal sutures is termed 
the bregmiij and in the fcetal skull it is tl:tc site of a mcmbrnnc-filled gap which is 
named the <tntefior fonitmrlle (p. 352!. The lambda is situated at the junction of the 
sagittal and Umbdoid futures and in the fcirtal skull is the site of the posterior 
fotttuneUf (p, 353)* which is a similar but smaller gap. 

The region of maximum convesUy of the parietal bone is termed the parietal 
t uhrr (emmeffce) and can be identi Bed easily In t he living su bject. In this situation the 
norma verticalts passes into the norma lateralis and the norma occipitalis, but there 
are no sliorp Unea of demarcation - The parietal foramittr w'hich may be absent on 
one or both sldes^ pierces the parietal bone near ihc sagittal suture about 3-5 cm. in 
front of the lambda. It ironsmita a small cmissar)' vein from the superior sagittal 
siniis within the skullt ^itid tisia vessel constitutes one of the important connexlona 
between the extra* and the intracranial vcins^ Anieriorly the norma verticalts slopes 
down Into the norma frontalis. 
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NORMA FRONTALIS {fig. ^^7) 

Viewed from la front the fikull e?diibits a more or oval outline^ wider above 
than below. Its upper part is formed by the frontal bone and is smooth and convex. 
Its lower part ia very irregular and h interropted by the orbits and the anterior bony 

Fto^ 597 +—The fkxAl- Antciiar aspect. (Xorma frentalin,) 

Compare with fig. 39S. 



Aperture of the nose. Immediately above the medial part of each orbit the super- 
dUary arch forms a rounded elevation, better marked in the male than In the femaie 
■kullp and these t%vo arches arc connected by a median elevation termed the ^hhclia. 
Below the glabella the skull recede to the point where the nasal bones meet the 
frontal, forming the lloor of a depression at the root of the nose. The point where 
the intcmasal and frontonasal sutures meet is named the nasion. Above the super¬ 
ciliary arch on each side there is a slight rounded elev'ation termed the fruntal 
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tuber^ AH thw are^ bony landmarks which can be felt without dlfficult^^ in the Living 
subject, and the glabella and nasion provide reference points for the sui^on in 
certain intracmikl operations. 

Tlte orbital opening is more or less quadraiif]^lar m shape^ Its ^pra^ebital 
mturgin h formed entirely by the frontal bone and^ at the Jimction of its sharp Lateral 
two-thirds with its rounded medial thirds it presents the supm-orbital notch (or 
forameoT as the case may be)p which transmits the stipia-orbital vessels and nerve. 
The hterat margin is formed almost entirely by the frontal process oF the SfygomallG 

Fic. ig®.—^Kcy it* nyj. 



bone^ but it is completed above by the zygomatic process of the frontal bone, and the 
suture which connects these two bones can be felt in the living subject as a slight 
depression. The zygomatic bone latendlyp and the maxilla medially, share in the 
formation of the in^a-ttrbilal margin. Both these margins are slLup and can be feJt 
easily through the skin. The medial margin is not so clear-cut; it is formed above 
by the frontal bone and below by the lacrimal crest of the frontal process of the 
maxilla, which k sharp and distinct in its lower half only, 

'Ihc piriform (anterior bony) aperUtre of the nose is pear-sKapedp wider 
below than above and bounded by the nasal bi>ne 3 and the maxilla^^ The t wo nasal 
bones articulate with each other in the median plane and both articulate with the 
frontal bone above. On each side the nasal bone aniculates behind with the frontal 
process of the maxilla, but its lower horder, to which the iatcriil nasal cartilage {hg. 
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1003) is attHchud in the frtah t^ptxiIncn^ free and forms t|ie upper ttoundary of 
the piriform apvnure. 

The maxilifi; take a ver>' large share in the fonimtiou of the skclcion of the 
and Ei is the growth of these bones which is responsible for the elongation of the face 
that occurs bctw'ccii the ago of 6 and iz. [t is only the anterior surface of the 
maxilla which is visible in the norma frontalis. L^fedially this surface presents the 
wcLUmarkcd nmal rsotah, w hich fonna the lower border and the adjoining part of the 
lateral tMirdcr of the piriform aperture of the ruisc. A prominent^ sharp prujcc- 
tlon marks the meeting of the two maxilla in the lower boiindarv of the aperture and 
is tenned the unterhr misat spiNe. It can be IdentiEcd in the lower border of the 
free part of the nasal septum in the living subject. About i cm. below the infra-^ 
orbital margin the maxilla is perforated by the mfm-Cfrbita!/oramfn, w Inch transmits 
the infra-orbital vessels and nerve- it lies on^ nr just lateral to, a vertical line passing 
through the supra-orbital notch. Thcakedar pri^ess of the maxilla, which provides 
the sockets for the maxillaiy iceth^ can be examined most satisfactorily in the norma 
basalls fp. 2S2). The sygomafk process of the maxilla is a short but stout projection 
from the upper and lateral part of the anterior surface of the bone. Its upper surface 
is oblique and articulates with the zygomatic bone at the zygamatieomaxillary suture, 
[nferiorly it presents a free lower border, which meets the body of the bone above 
the first molar tooth, and can be palpated through the skin of the cheek or through 
the mucous membrane of the vestibule of the mouth. The fr0ntai pwem of the 
maxilla ascends behind the nasal bone, fornung the lower part of the medial margin 
of the orbital openingp and reaches the frontk bone. It will be examined sub¬ 
sequently, lioth In the orbit and in the nose. 

The prominence 0/ the cheek below and lateral to the orbit is produced by the 
zygomatic bone* It is the convex lateral surface of the bone which can be examined 
both in the norma frontalis and in the norma lateralis. 

The mandible is deacril^ed on p. 303, 

Particular features. —The fflaheUa may show the remains df the frontal suture 
wliich in about 9 per cent, of skulls extends upwardsi to the coTonal ^lyture. It indi¬ 
cates that the adult frontal bone is formed by the fusion of right and left halves which 
ossify indepcoiJendy of each other. Tlic medial part of the tuperaiiaty auh gives 
origin to the cornjgator suiKrcilii muscle. The nasal part of the fronml h4»ne and the 
frontal pn^cess of the maxllb give origin 10 the orbital part of the orbicularis otuli 
muscle. Bet^vecn these two areas the medjLal palpebral ligan^ent is attached to dte 
frontiil process of the nmxilla (fig. 362). 'I'he procerus muscle arises frotn the nasal 
bone near the median plnne. The lower margin of the nasal Ikme usually presents a 
small nciiL-hi converted into a forafnen in the fmsh specimen hy the latcnal cartilage of 
the nose, it transmits the external nasal nen'e. in front of the nrtikujnris neuli ihe 
levator bibii superiuris alit^que nasi takes origin from the frontal prtJcessof the maxilla 
More ktenilly, the levator labii su|>erioris arises fttan the maxilla in the interi.’al be¬ 
tween the infra-orbiial margin and the fontmen of the same name. 

'I'hc stout root of the canine tiK!ith produces an elevation termed the ainijfe 
entinence^ ^vbich sc pa rates the eaninc on its latural side from the iftcmve/ossn on 
its medial side. The levator anguli oris arises front the canine fiissa, w hite rhe incisive 
fossa gives origin to the compressor mris mutcle. Below these foE^ the anterior 
surface of the maxilb gives origin to the depressor sepii the dilatator naris and the 
incisive muscle of the upper lip. 

The 5£ygomiitic bone is marked opposite the junction of the tnfra-orbital and lateroJ 
matgitis t]f the orbit by the small ^'^ttmaiicofaciai fnrfitfirn (fig, 297) which transmits 
the nen’c of the same name and a minute artery. The foramen, which is sometimes 
duplieaTcJ, opens laterally and downwards. Below the foramen the zygomatic bone 
gives origin to the zygorpaEicus minor muscle, and more lalcirally lo iKe zygumatiims 
ttiajtkt muscle. 

The Orbit (figs. 299-303) 

General featiires^—The orbits^ ^rc a pair of roomy cavities which contain the 
eye-balls, their ai^niated iiiu!iu:les, vepsels, nerves, etc., and most of the lucrimat 
apparatus, together with a variable amount of soft fat. The orbital cavity is 
pyramidal in shape i its base is the orbital opening on the face, and ita long ^is jg 
directed backwards and nicdially. Each orbit presents a roof, a Roor, medial and 
lateral wallSp a base or orbital opening and an apex. 

The superior wall or roof is a ihin^ gently concave pbte nf bone w hich intervenes 
throughout most of its extent, be [ween the orbit and the part of the brain iti the 
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anicrior crAhial fossa. In ils anteromedial part it is separated into two Earning by 
the frontal si nils, which is an air-space in the bone communicating with the nasal 
cavity. In its anterokteral part it presents a deep holloiv which lodges the orbital 
part of The JAcriitmJ gland and is termed the incrimaifossa. At the posterior cisd of 
the Junction of the roof with the medial wall the optic canaJ (optic foramen) 
establishes commtinication between the orbit and the middle cranial fossa. It 
transmits The Optic nen e and the ophthalmic artery. Close to the superior^ medial 
and lower margins of the opening of the canal into the orbit a common tendinous 
ring is attached to the orbital walls for the origin tjf certain muscles of the eyeball 
(fig- 942). 

The medial wall (fig. joi) is exceedingly thin, except at its most posterior part, 
and slopes gently doivnw^ards and Laterally into the floor, Anteriorlyp it presents the 
lacrifftai groove, which lodges the lacrimal sac. The groove communicates below,' 
with the nasal cavity through the iiasohcrimnl canal, which is little rnore than i cm^ 
long and transmits the nasolacrimal ducT. The floor of the groove separates the 
orbital cavity from the nasal cavity^ but behind the groove ttie air-conuining 
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ethmoidal sinuses intcr^xiic betw'een the two cavities. Posteriorly the medisil wall 
is related to the anterior part of the sphenoidal sinus and forms its lateral wall- 

The inferior wall or floor of the orbit (fig. 300) is relatively thin and consit- 
tutes, in most of its extent, the roof of the ma.xiikry sinus (fig. 301), h is not quite 
horizontal, but faces upwards a.nd slightly laKcrallyu In front if is directly continuous 
with the lateral wall, but posteriorly the two w'alls are scpanltcd by the inferior 
orbital fissure. I'his fissure leads into the orbit from the pterygopalatine fossa 
posterioriV t and from the inft^itcmporal fossa anteriorly. The maxtllary nen c is the 
most important structure which it transmits. The lovi'cr lip ot the fissure is notched 
by the infra-orbital groove, which forw'ards in the thxir, sinking into it 

anteriorly and becoming c^>nverted into the w/rii-orbiial can&L The anterior 
opening of the canal forms the in fra-orbital foramen. 1 he griKive, canal and fora¬ 
men transmit the infra-orbital nerve, which is the continuittion of the maxillairy 
ncn'C. Thmugh the anterior part of the inferior orbital fissure a vein passes to 
connect the inferior ophthalmic I’ein with the veins of the pTcrygoid pEexus in the 
infratemfwjral fossa. 

The lateral wall (fig- 302) is the thickest of the orbital walls, especially behind, 
where it separatca the orbit from the middle cranial fossa- In front it is interposed 
between the orbit and the temporal fossa. The lateral wall and the roof are con- 
tinuous anteriorly, but they arc separated posteriorly by the superior orbital fissure. 
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gilded "hove by tht !t»»er nnd below by the uteaier wing qf the sphciiqid ond 
medially by the body of that bone. The lactunal Mid ftwifal nen w traver«f the 
nar^ iatenl part of the fiasure which transmits also the nicoingea] branch of the 
lacnmal artery' and the oc^ional orbital branch of the middle nicnirvceal arten-. The 
^ 7*^™ meduily and lies yust outside the common tendinous 

nng. The two divirtniw of the oculomotor ticrs'e, the nasociliary and the abducent 
nervTw pass thin the common tendinous ring, and therefo« travenwi the wider 
^1 id part of the fissure. They may be nccompanicd by the superior and inferior 
ophthaltnic veins, hut the suprnor Dphthalmic veins may accompany the trochlear 
nene the uifcrior ophtliulmic veins may pass ihrmigh the mediSrad of the fislure 
DcIqw the cammon tcnUtnEiim rinjr, 
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norma OCCIJ'ITALIS 

The outline of the ^ull, as viewed from behind, is shaped liJtc a hm-.,l 
being convex above ond on each side, and Battened below ^ThU r 

The Mirations are deep and pmitimem above and behind bu t m„ k i * 

«nspicuDi4i as the suture k trared downttnida and for^^aSs ^ 

doid suture meets the ompitomettfoid stiian and the ^ ^ 

posieroinfcrior angle of the parictaJ bane ffig zoai 

wapjtah#, have iilrejidy been vinved from above, ^'Wblc on tlic mmiu 

The most outetajid.ng feature of the norma ocdnitalts is the external rw^;«-» i 
protuberance ffig, 304) and the ridges which lead away fremT The^r?^ 

IS ntuated in the lower pan of the fidd in the median nisno nn^ ' t 

ti Mn readily be identified in the living subject asTt 

median furrou- at the hack of the neck! The Vt 

often aharp in char^ter, which pa« laterally frem the pmmSeT 

the boundary lines between the scalp and the back of the tiPi-lf ^ 

|J» «dpiB b»n. tatow .fern, n»>; ™ tn “ 5 l'b„ 

wh,ich lie uhaut i cm. above the sniJcnDr nuchaj lines Cofnmnn*; ridgija^ 

part of the protuberance thy arc more arched tim the superior nuclid 
The mastoid process and the mastoid part tif the temnor^t t. * 

the infcrolateml part of this aspect gf the skull but thev j” ^ 

satisfactorily tn the nortna Sis ' ' much more 
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Particular fealuTM.^Tlic inion is the name piveri lu the most salieni point an the 
eKiemul accipilJi] protubejtince in the tnedinn plainc. Tiie iowef piirt nf the protuber¬ 
ance jfives attiidtrnent fo the uppKr end of the liscnmcntum nuchiEj and m upp^ir part 
jpves origin to rthre* of the tr^pe^fiuB muBcle, which ujtiea also fumi the adjoining part 
of the JlipertW nuchai /fwe. The bterd pan af titc Superior nuchal line (hg- 337^ gi^oi 
insertion to the posicrior hbm of the stemotitziaiPid and, under cover of that muscle^ 
to fibres of the ^plenius capiria. 'fhe michai littf givta attachrnent mcdfaliy to 

the gnlqa aponcurotica i;epicniniat apuncuni^iM) luid laterolly to the occipiial belly of 
the occipitufrojitdiiit muscle. 


NORXfA LlTHttVLJH (fig, 303) 

When the skulh minus the mandible, is cXiuoiDcd from the atde^ it will l>c found 
that ihc anterior, superior and posterior parts have been described aJready in the 
notiTka; frontalti, vertical is and occipitalis^ reapcctively. The central area^ however, 
preaenta many impK^nant features which have not yet received consideration, [t 11 
Limited above by the temporal Jinet wdiich arches tip wards and backw'ards from the 
zyeonxatic process of the frontal bone across the coronal suture to the parietal bone. 
Salient at firsts it can be felt easily through the skin, but os it arches across the 
paricul hone it is much less distinct and is usually represented by two cun^ed ridges, 
which enclose between tEiem a smooth and often polished strip of bone, Foateriorly 
the upper of these two lines fades away* hut the lower becomes more prominent as it 
cui^'es downwrards and fon^^rds across the squamous part of die temporal bone, just 
above its union wit h die mastoid portion. This part of the li ne, wluch is often termed 
the ntpram<utord ereri', bccofn.es continuous with the posterior root of tlie zygomatic 
process. Throughout the whole of its extent the temporal line marks the periphery 
of the temporalis timsdc and its cov'ering fasdjiH On the parietal bone the muscle 
arises from the lower ridge, while the fascia U attached to the upper ridge and to die 
hone below* 

The temporal fossa U the regEon bounded by the zygomadc arclt, the temporal 
line and the fronul process of the zygomatic; bom?, and its floor gives origin to the 
temporalis muscle. An irregularly H-shaped arrangement of sutures can be seen in 
the anterior part of the fossa, the more or less horizontal limb of the H being 
formed by the suture between the antcro-infcnor part of the parietal and the upper 
border of the greater wing of the sphenoid bone. In this situation the frontal, the 
sphenoid, the parietal and the S(|uanious part of die temporal bone closely adjoin one 
another (fig. 3^5)1 and a small circular area am be outlined so as to include portions of 
all four. This area is termed the pterion, and its centre—which is an important 
landmark for the surgeon—lies 3-5 cm, behind and t-j cm, above the frontozy'go- 
matic suture (fig. 304), Tlsc anterior wall of [he fijssa is forn^ed by the lertiporal 
surface of the tj gomatic the adjoining part of the greater wing of the sphenoid 
and a sinall portion of the frontal hone. It is iTileriJciscd betw^een the fossa and the 
orbit, laferioriy the fossa commitnicates freely with die infratemporal f[>ssa through 
ihc gap whkJi separates the zygomaiJC arch fn^m die rrai of the hkutl. In this 
situation the tendon and some tteahy fibres of the tcinpomlis descend to reach their 
insertion into the mandible {p, 306)► 

The zygomaLLc arch, w hich is furmed by the temporal process of die zygoitialic 
hone and the zygomatic process of the temporal bone, is easily felt through the skin 
where the cheek and the region of the temple meet each other/ Its sharp^ upper bor¬ 
der is obscured by the attachment of die temporal fascia, .ind its lower border by the 
origin of the massetcr muaefe, which arises also from its deep surface. The arch 
Stands away from the rest of die skull and is separated from it by a gap which is 
deeper in front than behind* Anteriorly, the arch is crossed by the zygomatico¬ 
temporal suture, which is directed obliquely downwards Euid backwards. 

The sygomutic pifftesi 0 / the temporuf fHtne, of widens posteriorly aa ii 

approaches the squamous part, and divides into an anterior and a pfsstcrior root. 
TJle anterior rmt passes medially in front of the m^nJibatur /omi and becomes 
continuous with the smooth ariiruhir tuhircle^ which forms (he anicrior boundary 
of the fossa. The poiicHtir root passes backwards, lateral to the fossa, and ita upper 
border becomes coniini.ious with the supmmastoid crest of the icmporal Iwuie. 

The external acouslie meatus opens immediately IkIow the posterior part of 
the posterior root of the ^Eygom^^ The inargins of the orifice arc roughened, 
especially beloiv and In front, for the auachment of the cartilaginous segment of the 
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The upper margin and the upper part of the posterior margin am formed 
by the equamoua part of the temporal bone j the anterior maretn, the inferior 
irargtn and the lower part of the posterior margin arc formed hv the tympank 
jvK 1 ‘cmporal bone. The ujuamotympanic suture can be seen Without 
difficulty at the anterosuperior part of the opening, but the suture on the posterior 
w-alj IS usually obliterated in the adult skuJl. Below the orifice of the in^ius the 
tympanic plate ts^ drawn downwards, forming a somew hat triangular roughened 
area, {mmediatcly above and behind the meatus there is frequetitlv a small dc- 
presion with a bony spicule in its anterior maigin itubrameata! This lies 

within the area of the riipmis™*,/ irkngk, which is bounded above by the supra- 
mastoul crest, in front by the posterosuperior margin of the orifice of the meatus 


Fto. jojj—^Tliediull. L^ft fatc^ sRpeet. (Nontu IstcrBlis.) 

Compart with Ktfv, n|f. 304, 



and behind by a vcrtic^lme, drawn as a tangent to the curve of the posterior marvrin 
of the meatal onficc. piis triangle foruw the lateral wall of the maSToid ftvmpaffic) 
antrum (p. 333), which is an air-space of great importance to the sur^n smd is 
contained in the petrous part of the temporal bone. 

Behind the meatus the norma lateralis is formed by the mastoid portion of the 
temporal bone. Above, tt is conunuous with the squamous portion in front, but 
beffind. It possess^ a free upper Iwrder, which articulates with the postcro-inferio^ 
part of the panelal bone at t he horizontal pan'etbmastoid suture. Its posterior border 
IS free and articulates with the squamous part of the occipital bone at the «fciV>//o- 
mastMd suture. Ihesc two sutures meet each other at the lateral extremitv of the 
lambdoid suture. The mastoid process (fig. 303) is a strong, nipple^haped 
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projection from the lower part of the mastoid portion of the temporal bone. It liea 
unmcdiatcly behind die external acoustic meatus^ hut at a loweir leveJ, and its 
anterior part can be felt throui^h the skin under cover of the lohuJe of the auricle. 
The mastQid Jofiimm pierces the tK>ne above the base of the mastoid process and 
iiear» or on, the occipitomastoid sottiax; it transimits an important cmiBsar)' vein 
from the sigmoid sinua. 

'I'he styloid process (%. J03) is a slender, clonji^ted ptojeciion which ^ although 
attached to the norma basalis, can be examined conveniently at tliEs stage. It lies a 
short distance in front of the mastoid process but is on a deeper plane, its base being 
partly cnsheathcd by the lower margin of the tympanic plate. Directed downwards, 
forwards and slightly medially, its tip is usuaJly hidden by the posterior margin of 


Fin. J04.—Key fij?. joj. 
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the nimiis of the mandiblcp when that bone is in place. From its extremity the stydo- 
hyoid ligament passes doviTiwards and fonvards to the lesser cornu of the hyoid l^-nc 
(p, 310X which is therefore suspended from the skull. 

The LnfratemporaL fossa (fig. 306) is an irregularly shaped space Avhich lies 
behind the maxilla. It communicates with the temporal fossa through the gap he- 
tiveen the scygomatic arch and the aide of the skull. Medial to this j^p, the roof is 
formed by the infratemporal surface of the greater wing of the sphenoid, and a small 
part of the squamous temporaL In this situation the greater w ing is pierced by the 
foramen ovale and the foramen spinosum. 'Llic medid wall is formed by the lateral 
pterygoid plate. These walls arc considered in detail in connexion w ith the norma 
basalis (p. 2S3). Behind, below- and on the lateral side the fossa is freely open. The 
anterior and medial WTtlls meet below but they are separated above by the pttrygo- 
ffalaiine jtrjifw, tbrough which the infratemporal fossa communicates with the 
pterygopalatine fossa. The upper end of the pierygopaktine fissure is continuous 
with the posterior end of the iw/mbr orbiiaiJhmrtt wheh ts placed between the upper 
part of the posterior surface of the maxilla and the greater wing of the sphenoid. 
This fissure connects the infrateniporal fossa with the orbit (p. 273). 
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The plerygopal^tine fosaa is a small pyramidal space ^tuatecl l>clow the apex 
of the orbit It mmniunicatts with the mfratemporai fossa tiirough the pterygo¬ 
palatine fissure and with the orbit through the medial end of the inferior orbital 
fissure. The foramen rotundum opens on its posterior waJh sind the niaxillary 
nerve, which runs forwards and laterally from the foramen acrejss the upper part of 
the fossRp is the most important of Lib contcnia. 

Particular features.—The fioor of the iemporal /mm is marked by a few smitlJ 
\^cular furrowsp of which the most eonstant ore above the external acoustic meanis 
and Me pnKluccd by the middle tempora! vesaek. In the anterior wa|] of the fossa the 
:Fygomatt 4 :oftmpofi 2 l forarntn pierces the temporal surfare gf the lygomatic bone in an 
upward and backward direction, it transmits the KyitomDiieotemporal ner^c and a 
minute artery. In addition to the leodon of the [emporalis muscle, the deep ti:mporal 

F10- 305. A Eide view of the head, ihowjniZ the Hurface rcliuicma of the bonei. 
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mandibnlar fossa a smaSI do wo ward projecrioii from ihc posterior root of the syunma 
(sometjmes termed the post-gfrimd meet-i the tympanic plate at the antero^ 

j^upenor part of the orifice of the external aomistic meatus ffijf. 334) and its afitcrior 
aspect takes a small part in the formation of the mandibular fossa. 

The posterior part of the latera! surfuco of the mmlMd prof^^if ind its rounded apex 
are routfhentd by the msertidns gf the stemomagtoid, $p3cnius capitis and JonsFissimua 
capitia muscles, in that order from before backwards. In front of, and parolle! to this 
roughened area, the parnaHy obliterated rernams of the pquamomastuid suture may be 
vTiibJe, From the position of the suture it will be obvious that the floor of the supm- 
meatal trianijlc, anti therefore the Jateral wall of die mastoid antrunip is fomicd hy the 
■quamouE part of the temporal bone. The tympanomastoid fissure ts placed on the 
ante nor aspect of the base of the process. The oute r opcnlog of the mastoid canalicu^ 
lus fp. 345), whidi tronsmits the autiimlar branch of the vagus nerve, is placed betwTcn 
the lips of the fissure, 

"liic ityfoid IS covered on its lateral aspect by the parotid gland and inter- 

venc* bcmccn that atnicture anJ ihe inlcnial jugular vein. If gives origin to three 
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musdc^. Tlic stylohyoid arian by 4 ddicatc tendon from iiA posterior asp^jct, neurit 
to the bjise thun to tht tip ; the A^ lofflossLia from the tip and ih^ adjacent part of the 
Gintcrior aspect; and the stylopharyngeus from the meillul wipcct of the base. Thi 
styloEnandibuljir li^^arncnt is attoehi^ to the lateral aspect of the process in iti lower 
part and the stylohyoid ligament to its tip, Hehind the base of the prai:ssa the facial 
nen'e cmeryEts from the s-tylomnstoid forrimen and passes forwards lateral to the pro* 
cess in the substance of the parotid j^loiiU^ 

The jafratemporal fossa (hg, 306) contains the lower part of the tempotalis 
muscle as it passes to be inserted into the coroiioi<l process. The niaxillaiy artery and 
its branthefl and ihe ptery'^foid plexus of veins lie deep to the Temporalis and usually 
on the lateral surface of the lower head of the lateral pterygoid mu sets. H^he deepest 
pan of the fossa is occupied by the medial plerygoid muacle^ the mandibular ntn.'e 
and the ebonla tymponi. The mandibular nen e entem the fossa thnmgh the foramen 
o%a]e in its roof iml brealia up into its terminal branches under cover of the lateral 
pterygoid rnuscle. hs branches traverse the fossa nml most of them leave it to gain 


fn3. 306.^—The right inlrtitemporal fossa. 
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other regions. Tha chorda tympiin t elite rs the fossa on the metl j ul side of the spine of the 
sphenoid and runs downwards; and fnrwartla to join the lingual nen e- maxillary 
nerve appears at the upper part of the feissa os it passes hemevn the upper end of the 
ptery^gtipalaiine fossa and the inferior orbital fissure. The ^micrior trait of the fiissa is 
pierced by two or three small foramina which Transmit the pewtrrior superior alveuliir 
(denial) vcfaiels and nerH‘cij+ It is limiled bcimv by the nli'ealar part of the maxilla in 
the region tif the molar ti.H.^th, imi! in this situaikm a horizontal strip of the hone is 
ckisely ecn’cred with the mneoua membrane of the gum. Immediately abcivc this 
strip the bone gives origin to the upper fibres of the hueeinator musekp which extends 
backwards behind tht last molar tooth on to tht^ tuberxisity of the maxtlta. I'he medial 
Wall of the fossa, formed by the lalenil pterygoid plate is completed below and in from 
by the pyramidal prfK.'ess (tubercle) of the palmine bcMie^ whkh is wedged m between 
the tubern^jiy nf the maxilla and I he tareral pterygoid plate, "[lie superficial head of 
the mcilial pterygoid muscle arises from this surface of the pyramidal process and the 
adjoining part of the maxillaty' tuberosity. 

The plcrygppaJaCinr fiasozc is a rrtanKular inten.'al formed by the divergence of 
the maxilla frrim the pter)'goLd process of the sphrnnld bonCr It transmits the ter* 
minal part of the miuillaty' artery to* the pfrri'gopaJiJitinc foasa, and its uppermost part 
gives passage to the maxillary^ nerve, w^hich appeam for a, very short part nf its course 
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in tht uppe r part nf ihc infratc^mporal fo^a before |i enters tlie inferior orbjml fissure. 
The inferitMf orblud fissure leads fprwftrila into the orbit (p, 273)^ 

*i*hc pterygop^ilaiine fossa 30^) cornununieateii wiih ihc orbit throufjh 
the niedisl {or posterior} part of the inferior orbital fissure and it is elfwed tn/moriy 
where the Icjwer part of the latcml sutfaee of the perpendicular plate of the palatine lK>ne 
meets the postcro-inferior part of the medial surface of the maxiila. It is bounded 
Mtindhy the rthoi of the pteosoid process and the ndjoinini^ part of the ooterior surface 
of the i^reater w'iiii; of the sphenoid ; mrdialiy, by the upper part of the perpendicular 
plate of the paluiine bone with ita orbital and sphenoidal proces&es ; iit frorit, by the 
medial portion of the upper part of the posterior surface of the maxilla. On the 
laiertt! sidf it communicates with the infralcmpoml fossa through the pterygopalatine 
fissure. *rht most important contents of the fossa are the maxillary ner^'c* the pteryo- 
paiaiine ganglion and the terminal part of the maxillary artetr. The maxillary nen.'e 
enters the fossa through the foramen rotund am and passes fonvards and taiemlly 
to the posterior end of the infraorbltol gnonve in the fioor of the orbit. Below and 
medial to the foramen rotundum the ptery^goid canal transmits the nerve (and artery^) 
of the same name fmm the luwer part of the interior Wall of the foramen lacenim to the 
pterygopalatine ganglion and inftromedtally the pedatinovaginal canal transmits 
the pharyngeal nerv-c (and artery^ ft^i the ganglion to the nwf of the pharynx. 
A fourth foramen ifi placed on the medial w^aEl and ia termed the iphritupfiitttiii^ fijniMen 
(fig. jrb). it is bounded above by the body &f the sphenoidp in front by the orbital 
process of the palatine boncp behind by the sphenoidal ppvcess and below by the upper 
border of the perpendicular plate. It transmits to the nasal cavity the nasopalatine 
(long sphenopalatine) nerv^e jmd the accompanying vesselsr The fifth foramen is 
placed inferiorly at the junction of the anterior and posterior walls, and leads into the 
jp^eutrr pfiitiiirte ^amL Bounded ontero-lnterally by the maxilla and ptTatcromt^ially 
by the perpcndkulDr plate of the palatine Iwinc^, this eanal transmits the gixntcr and 
lesser pBlarine ner\'€s and v-cfiBeb, which appear at the greater and lesser palatine fora¬ 
mina on the bony palate (vtt^r jw/m). 

NORMA BASALIS (figs- 307-310) 

The lower &urface of the base of the skull is hounded in front by the inciMT 
tcctli of the maxilbe, behind by the superior nuclial lines of the occiplul IxinCp and 
lutemlly by the other teeth, the isy^matic arch and ita posterior root, and the mastoid 
process. It IB ve^ irregular imd, unlike the internal surface, shows no natural sub¬ 
division into regions suitable for desoriptivc purposes. It is, however, useful to 
divide Uic area into anterior, middle and posUTior fam. The anterior part, vvliich 
b formed by the hard palate and the alveolar arches is on a lower level than the part 
behind. The remainder of the surface h divided, in an arbitrary manner, into a 
middle and a posterior part by a transverse line drawn through the anterior margin 
of the foramen magnum. 

The Antehior Part op tub Nojcma Basam.'? 

The bony palate {fig. 509) lies within the arch formed by the teeth of tlie 
moxilljx; and the alveolar processes. It is formed by the palatine processes of the 
maxilLc and the horiMintttl plates of the palatine honea, which arc separated from 
one another by acrudfonn suture, made up of the intermaxillary^, inicrpalatinc and 
polaTomaxillary sutures. Owing partly to the downward projection of the alveolar 
arches, the palate is arched both from before backwards and from side to side. The 
depth and the breadth of the palatine voult are subject to considerable variation hut 
are always greatest in the region of the molar teeth. A deep fossa, termed the 
inthive fossa^ lira in the median plane anteriorly. The lairrai /WeinVe 
which lead into the incisive canab and so to tlie floor of the nasal cavity (p, 300), are 
Bituated in its lateral wtiIIs ; the mrdinn incuk^ farami^a, which arc present in some 
skulls, open on its anterior and posterior wnlb. The ^eatrr palatine forame^n, which 
is the low^r orifice of the canal of the same name, opens close to the lateral border of 
the palate immediately behind the palatoma.xil]ary^ suture (fig. 309). A va^iilar 
groove, deep behind and becoming shallower in fronts leads forwards away from the 
foramen. The lessff frafatinr joramma, usually two in number, ore situated hehind 
the greater foramen. They pierce Xh^ pyramidal process of the palaihst Itone, which 
projects backwards and laterally from the posterolateral comer of the bony palate 
and becomes, wedged into the notch between the lower ends of the two ptetygoid 
plates. The vault of the bony palate uneven, pierced by numerous arnall foramina 
and marked by depressions for the palatine glanda. Near the posterior border it 
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presents a slightly curved ridge of variable prominence^ icrmed the paliitine errst^ 
^vhith ooinmcnce^ behind the greater palatine foramen and runs medially. I'hc 
posterior border of the bony palate is free and projects backwards in the median 
plane to form the postrrior nasal sfiifif. 

The alveolar areh provides sixteen sockets for the roots of the teeth. These 
sockets vary in size and depth and are single or snhdisHded by septa according to the 
teeth ^vhich they contain. 

ParlJciiJar features.—The lateral incish f foramen transTriiu the tertojnal bninebcs 
of the greater palatine vessels laid the naij4;?palatirie nerve. When median incisive 
foTamina are ptcSeni the left nasc^palatinc nerve pa^es throuMh the anterjar and 
the right through the ptjstedor foramen. The lateral tneisivc foramina are placed 
in the line of fusion of the os inclsivutn (prcmaxilla) with the maxiHo proper* and 
represent a primitive corntnunkation between the mouth and the nose. In young 
skulls the suture line between the os tncisivum and the maxilla may be visible, extend¬ 
ing fn^m the posterior part of the incisive fossa to the septum beuveen the sockets of 
the lateral incisor and canine teeth. The greaier pafaline/rtramen tran>imit$ the greater 
palati^ie nen'^e and veaaeb, and the vesseb groove the lutenil pan of the palate os they 
run forwards to the incisive fossa. The lesser paiatine Jf^raniiiia, us.gal]y iwq, some- 
times one and occasionally three in number^ perforate the inferior and medial aspects 
of the pyramidal prucesa of the palatine bone ; they transmit ihc lesser paLaiinc nerves. 
The paiuime errst^ which commEnces on the tubercle aud extends on to the horizontal 
plate of the paEatInc bone^ gives attachment to part of the tendon of the tensnr vcli 
palatini muscle, ntc free pngteriar border of the bony palate gives attachment 10 the 
palatine aponeumsis and the posterior nasal spine to the inu2M:Mlu,s uvula:. 

Tuk Midule Part of the Norma Basalis 

The middle part of the external surface of the base of the skull (fig, 307) extends 
from the posterior border of the bony palate to an arbitrary' line drawm transversely 
through the ante rjor margin of the foramen magnum, I n the medi an plane anteriorly 
the pastenor ^rder of the vomer separates the two poslmt^r nasal aprrtuw, I mmedi “ 
aicly behind the vomer the ptwterior part of the inferior surface of the body of the 
sphenoid is directly conlinuous with the inferior surface of the basilar part of the 
otapiiatbofie, which forms a broad bar of bone extending backwards and dow nwards 
to the foramen magnum. It k convex from side to aide and wilder behind than in 
front. A short distance in front of the foramen magnum it is marked in the median 
plane by a small elevation, termed the pharyngeal tubercle, which gives atiacliment 
to the Idghcst fibres of the superior constrictor muscle of the pharynx. 

Behind the third molar ifioth the pterygoid process descends from thejiinctton 
of tEie greater wing and the body of the splienoid bone. It has tw'o lamina, termed 
the medial and lateral pieiy'goid plates, %vhlch are separated from each other by a 
V-shaped inien.'ab directed backwards and somewhat laterally and named the 
pterygoid fossa. Anteriorly the two ptcry'gotd plates are fused to each othcri except 
infcriorly, wdicre they arc separated by a narrow^ gap which is occupied in the articu¬ 
lated skull by thi; pyramidal prt^ns of the palatine bona^ and the suture lines can 
uauaLIv be tdentified. On the medial s 5 de they articulate with the posterior border 
of the pcqHndkular plate of the palatine tjonc in front, and form with il the 
fiatlened area of bone which \ic$ in the lateral walJ of the posterior nasal aperture 
and nasal part nf the pharynx. On the lateral side the fused lamina^ arc separated 
from the prsterior surface of the maxilla in front by the picrygopsdaline fissure 
(fig. 306). The medial pterygoid plate ia the rtairower of the two and projects 
directly baekw^rdSh Its medial surface is covered in the recent siaic ^tith EUticous 
membrane aitd forms the Literal boundary^ of the posterior nasiiil aperture and part 
of the lateral wall of the nasal part of the pharynx. The ptjsieriuf border of the 
medial pterygoid plate is ihin and sharp, and presents s snsall project ton ahi>ut l\s^ 
midpoint. Above this projection the border is curved and is attached to the 
pharyngeal end of the auditory' (pharingoiympanic) tube. At its upper end the 
border divides to endose the shallow, sraplmd fossa (fig, 310); Ivelmv, it prtijccts 
beyond the rest of the plate as the si\endKT pterygoid hamnlus^ 'Fbia process curves 
downw artls and laterally and is grooved anteriorly at its root by the tendon of the 
tensor veil palatini muscle, 'rhe lateral pterygoid plate projects backwards and 
laierallv and its lateral surface forms the nsedial wall of the infratemporal fossa. 
Superiorly it is continufjus with the in/ratempifral surface of the greater mng of the 
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iphtnt^d, which forms ihe anterior part of ihc roof of the infratemporal ftisM. This 
surface of the greater wing b clirecled downwards and, sometimes, slightly to the 
lateral side. It is roughlv pentagonal; its anterior margin forms the pfwterolaierai 
border of the inferior orbital fissure i and in front and to the lateral side it is limited 
bv the infratemporal crest. Laicrallv it ariiculatw with the squama of the temporal 


Fig- iw.—T he tower nirface of the kfi huir fif the ba« of the skull. 
(Korma h*sdis.) 
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hone * medipllv it b continuoua with tlie root of the pterygoid process and the side 
nf the body of the sphenoid; and posteromedipUy it articulates with the petrous 

part of the temporal bone. 

Two important foramina open on the mfratemporal surface of the greater wing 
of the sphenoid. The forameo ovale, irregularly oval in outline, lies close to the 
posterior border and posterolateral to the upper end of the posterior margin of the 
lateral pterygoid plate. It transmits the mandibular division of the trigeminal nerve. 
Posterior and slightiv lateral to the foramen ovale the forameti spinosum pierces 
the greater wing and transmits the middle memngea] artery to the middle cranial 
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fossa. 11 is much smnLlcr {.km the foiumcti ovule and is cireular in outline. Immedi¬ 
ately postcTDlateral to the romuien »pino&um the posterolateral angle of this surface 
of the greater wing forms an iiregular downward projection^ termed the ipina of ike 
sphfntMd. The medial surface of the spine is flattenedp and together with the adjoin¬ 
ing part of the posterior border of the greater wing forms the anterolateral border 

Fig. —Key 10 fi|f. 307 . 
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of a groove which is completed on the posteromediai side by the petn^ius part of the 
temporal bone. This groove lodges the cartilaginous part of the auditor)^ tubcp and 
leads backwards into the canal for the tube in the petrous part of the temporal bone 
and forwards to the upper part uf the posterior border of the medial ptcri goid plate. 
In the roof of ihc grooi.'e the posterior border of the greater wing and the anterior 
border of the petrous temporal come into apposition with each other. It will be 
apparent that iinmediPtely below the skull the mandibular nenc and the middle 
meningeal ar^Q^y must be related to the anterolateral aspect aspect of the auditory 
tube. 
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Behind and medial tn ihe groove for the tube the iufrritir surface 0/ ihe peirtm 
iemptftal occupies the interval between the infratemporal surface of the greater wng 
of the sphenoid and the basilar part of the occipital bone. The anterior port of this 
surface is rough and uneven, and its apex is separated from the posterolateral part 
of the body of the sphenoid by an irregular bony canal, termed thc/or<M*ieM lacerum. 
Behind this rough area a large and approximately circular foraincn leads upwards 
into the bone. It is the lower opening of the atrarideaaal^ which is traversed by the 
internal carotid artery. Within the bone the canal turns forwards and medially and 
opens on the posterior wall of the foramen lacerum* After pacing through the 
canal the artery turns upwards to gpin the interior of the skulL 1 he lower ps^ of 
the foramen lacerum is occupied m the recent state by hbrocartilage, and no large 
structure enters or leaves the skull through this opening. 


Fig. yotf .—^Pht bony palate and the aUxolar arch. Inferior aapeef* 
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Lateral to tlw base of the spine of the sphenoid the squamatympontc fissure runs 
laterally and slightly backwards between the upper part of the tympanic plate and 
the floor of the mandibular fossa. The fissure can usually he icaced to the upper 
part of the anterior margin of the orifice of the exlvnial acoustic meatus, but it is 
sometimes obliterated near its lateral end. The mandihular fossa is deeply concave 
from before backwards and gently concave from side to side, and is w idcr at its 
lateral than at its medial end. It lodges the head of the mandible when the mouth 
is closed. Anteriorly the articular surface passes on to a transr-eisc rounded eleva¬ 
tion termed the ariieuiar Otinvtte, which is continuous laterally with the anterior 
root of the zygoma. In front it becomes continuous with the part of the stpiamous 
temporal which lies in the roof of the infratemporal fos.^. Behind the sr|uamn- 
tvmpanic fissure the tvmpank pari of the temporut bone separates the mandibular 
fossa from the external acoustic meatus. This part of the temporal bone is roughly 
triangular in outline, the apex being situated at the medial end of the s<iuarao- 
tvmpaiuc fissure close to the root of the spine of the sphenoid. Its lower border 
is fr« and skirts the anierolaieral margin of the lower opening of the carotid 
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canal* extcndini; backwards dnd laterally to inedeh the root nf the styloid process. 
There it forma the of tAe stytoid prociis, which is longer and more apparent 

on the lateral than on the incd iai sidc^ At ita lateral mai^^i n the tvm panic part \s fused 
with il^e rest of the temporal bone hetoiv and !>t.hind and Ls free aKivc. where it 
forms the anECrior border of the orifice of the e?«tcma] acoustic 

Farlicular Features.—I'he upper border of ihe rumrr, which ik applied to [he 
inferior surface of the htnly of the sphenoid, is expanded into cin on each side (fig, 
35S), and the groove between the alse receives the roifrum &f the ipAenaid, The lateral 
border of each ala comes into relation with a thin lamella which projects medially fmm 
the rijot of the medial pteryitoid plate and is te rmed the raginal proemi. The two may 
come merely into ennract or the ed^tc uf the ill a may extend into the narrow interval 
beUvecji the body of the sphenoid above and the vaginal process below. The inferior 
surface of tlie vaginal prwess is tnarked by an anteropwiierior groove, wLich is con¬ 
verted into a canal anteriorly hy the upper surface of the sphenoidal princess of the 
palatine bone, 'rhis canni is tenned the canai htkI opens anteriorly 

through the posterior w^all of the pterygopalatine fossa. It traiismiis the pbaryngeiil 
branch of the pteiy-mopalatine gaitglion and a minute pharynKeal briinch from the third 
part of the maxillary anew. A second canal may be preisent in this siiuatinn an the 
medial side of the palatinovaginal canal [t lies betw^een the ala of the vomer and the 
upper surface of the vaginal pmeess anti is termed the vomerm ti^inctl tanijL When 
present it leada forwards into the anterior end of the palatinovagina] cans!. 

In front of the pliaryngeal tubercle the inferior w/orc of ihe hwiilar part of the 
oceipital bone is intimately related to the roof of die nasal pharynx and the 
phar>Tigea] tonsil. Lateral to the tubercle the bone rcceis^es the insertion of the 
longus capitis tnoscle, and the area extends forwards on eaeh side beyond the tubercle, 
Dehind the longus capitis the rectus capicis anterior is inserted into the bone in front 
of the OCLipiral condyle ami medial to the oulcr opening of the hypogluosal (anterior 
condylar) canal. 

.At the upper part of the posterior border of the medial piorygoid plate the 
icaphftid fosii^ gives origin to [he anterior fibres of the tensor veli palutini mustk, 
which dcsccjiik along the lateral BUifaec and posterior border nf the plate to reach 
the honinitis, lltc tendon af the muscle twists medially round the lateral and an¬ 
terior aspects of tile process to gain the soft palate, llic pcistcrior border of the 
medial pterygoid pkte, notched altovc by the auditory' tube {p. 283), gives attiich- 
ment to the phiLryngabasilar faecia. Its hivicr part and the pcMtcrlor aspect of the 
liiLmulus give origin to the highest fibres of the superior conntHclur rouse te of the 
pharyiix, which curve upwards Bind medially to be inserted into the phurv'ngeal 
tubercle. The tip of the hamulus gives attachment to the pterygotnandibular "raphe. 
.At its upper end the posterior border of the medial pterygoid plate is marked by a 
small tubercle, which lies on the mediiil side of the scaphoid fossa. "This tubcrole 
projects backwards below' the posterior opening of tlic pierygoiii eanai, which leads 
forwards to open on the posterior wall of the ptery^gopalatine fossa. It transmits the 
nerve and vessels of ihc pterygoid canal and lies in the Sine of fusion of the piengnid 
process and greater wing with the body of the sphenoid bone. 

Tlje pierytsoidfoita lies between the oppused surfaces of the two pterygoid plates 
and is completed htdow and in fruoi by the pyramidal process of the palatine tKine. 
llic lateral plerygoid plate (fig. 306) is a wider lamina than the medial plate, and 
its irreguEar posterior border nisy present a backw ard projeerion, termed the ptery'gf>^ 
^pimtus prnrei^, which is connected by a ligament (sometimni ossified) to the a'pinc 
of the sphenoid. The lateral surfaGc. w hich is the tougher of tlse iwcj, gives ortgiti 
TO the tnvixr head of the In feral pterygoid muselc ; the medial surface gives origin to 
ihe deep head of the meditti pterygoid muscle, 'I'hc lateral AipteX of the pyramufot 
prtKris of ihe pHiioiiue hone, which appears between the tubermiiy of the maxilla and 
the lower part of the lateral pterygoid plate* gives urtgin to gome fibres of the super¬ 
ficial head of the medial ptery'goid muscle. 

I'he infrairmpoTal snrfaeeof the^entfT janji of the iphenoid gives origin to the upper 
head of the lalerai ptcry^goid muscle, and is crossed by the deep temporal and the 
masseteric nen'cs, w'hich mn between the muscle and the bone. In addition to the 
mandibular nerv'e tbc foraincn ovale transmits the accessory' meningeal artcr>% Its 
posterior border is thin and sharp and gives origin to fibres of the tensor veli palj|ini 
muscle, which jnicn.eni:s bciwecn the mandibuFar nerva and the auditiTty tube. The 
foramen spinosum transmits the small meningeal branch of the mandibular nerve in 
addition to the middle meningeal arieri% In the intci-i'cil between ihe foramen ovale 
and the Ficaphoid fossa the bone sometimes presents a small foramen, often termed the 
rjwi’jjfjry tphettmdtil foremen, whitih transmit.^ an emissary vein frum the cavemous 
sinus, 'rhe rpine 0/ ihe iphenoid, which varii*s greatly in niic, and may be sharply 
f^mted or may be blunt at its extremity, gives aiiHclimtnt to [Itv spheni^mandibular 
ligiUTient. It is related larerally lo ihe auriculotemporal nerve and mediallv ni the 
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iihortia l:>Tnpani—by which iu medial aafiect is sQmc rimes {grooved—gnil lo the auejj- 
lory tube, Aiitenarly it iiivcs ari^n ta the tifUMi posiehor fibres of the tensor veli 
palatini muscle. The groove for the tube varies in width and depth and its n>nf 
^Mreasiotmlly completed by tnembTaiie, The lateml or sphenoidal wall uf the groove 
gives origin, posteriorly to fibres of the tensor lyntpani muscle. 

The tetenil pint of the mugh inferior surface of the petrous part of the temporiil 
bone gives origin to the levator veli polarmi muscle. The foramen laccrum is 
bounded in front by the postcrolateraI part of the bcwly of the sphenoid and the 
adjoining roocs of the pterygoid process mid greater wing; behind and laterally by the 
apcK of the petrous part of the temporal bone : and medially by the basilar pari of the 
occipital bone. It forms a emta] nearly i cm. long^ but no large structure passes 
through its whole length. The anterior orifice of the carotid canal opens on its 
posterior walh and the VL-ssel with its plexus of veins and its sympathetic ple^ius 


Fir, —A pornoTi of the norma bLuslii of the right sicle. 
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ascends through the upper end of the canal, Tn ihe foramen, the deep pttni-sal nerve 
from the airotid lympsthvtic plc*us is iuined by the sreattT pctrwuil nene la fnmi thf 
nirnc (if the ptciyioiuid canel, and ihl* canal opens on the lower pan of the uicennr 
wall. Meniii«caJ bnmchw of the oscendin« pharyngeal artery and einis.sary veins 
from the wvemmjs sinus imvenr the whole tcnRth of the foramen, The tartiJaae 
which nils its lawer part is a remnant of the primitive chnndriMininiiun. 

'iTw floor of the imjrti/ifcii/nf'/iwn is very thin and wittieaponda to the most lateral 
pan of the fluar of the middle cranial fossa. It is covered in the recent state bv while 
nbroi^s tissue (p. 45 S}. 't'he tubirrrU a/ the root of tf>t‘ si'gaiHa gives attachment to the 
lateral lifinment of the tcrnporomundibular joint. A thin edpte of botte may be visible 
in the depths of the medial end of the iqiiamot^-mpattk fiimre. It is the lower border 
of the duw-n-turned lateral portion of the legmen tyTtipanl and ihetefore is a part of 
the petrous tunpotal. It divid*?* the upper pan of the Htjuamotympanic fi.ssgn: into ■ 
pc^lixktympanic and a pctrusquaiitiikijs fissure, rhri^ugh the peiruivmpanic f^s^urc ihc 
churda r>inpani travels sn its anterior canaJiculus, m it p^sts dnwnwards and forwards 
from the lyniptmic cavity^ 'Fhc anterior tympanic orterv' fre^n rbe maKilkrv' aitcrv 
alw traverses the petfot> 7 npanic hssure, 

Tbe tympanic part of the lemponit bone ffig. 3 lo) is separated from the copsule 
of the tempc^maiandibular Jomt hy a portion of the parotid gland, which m intimntclv 
related to the ouriculotemporal nenc, Tt h thinnest near the centre of thii surface 
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»nd is occiuioRiUly dtfident m this siiiiiition (p. 317), Its ffroovcd tipper aspect forma 
tite ontenor wall, the floor and the lower pan of die posterior wall of the external 
Mtwsttc nteatw. Except where it ensheatlica the stj ioid procea* its posterior surface 
IS fused with the petromasioid part of the Iwne. 


'r>!E P05TERI0II PaBT OF THE XORMA HASALIi (fig. 307 ) 

The mcilkn fM>rticin of the posEerior ijuMivi&ion of the c^rternoJ suriao? of the 
bas^r £>f ihc skull ocoipicd in from by the foramen magnum p wliich leads into 
the posuTior cranial The foramen h oval in shape and ita antcroposterbr 

m<^ureniem escee^ its transvcRe. cun'cr of its margin is wider behind than 
in front li ironsmita a large ntimber of stnietiircs of which the moat important ia 
the lower end of the bmin-stem. Anteriorly the margin of the foramen magnum la 
overLipped alightly on each aide by the (>i:cipita[ c^ndvlt, which projects dov\Tiwardfl 
to articukte with the superior articular facet an the hiicral tmsa of the atlas. Oval 
m outline, the randylc is placed obliquely so that its anterior end Es nearer the median 
plane than its posterior end. It shov^-s a pronounced conveacity from before back- 
wards and a gentle con vex (ty from side to side. The medial aspect is roughened for 
ligamentous attachments. Above the anterior part of the condyle the occipital bone 
is pierced by the (anUrior tundymr) which runs late rail v and 

slightly foniards from the posterior cranial fossa and transmits the hypoglossaJ 
nerve. ^ 

A depressinn of variable depth marks the occipital bone behind the eondvie* 
It is termed the arndvlar/tissa. and may be pierced by the mnJyhir Cfini^l, ^vhicEi 
T^hcn present, transmits an emissary' vein from the sigmoid sinus, LaieraJ to 
the condyle the jugtthir process of ihe occipifol bone articulates with the petrous 
temporal. The anterior border of the process is free and forms the posterior iKJun- 
dary of the jugular foramen. This large foramen lies between the occipital Imne 
and the Jugular fosaa of the petrous temporal and is placed at the postcriar end of the 
pctro-occipiul suture. In front jt is separated front the lower orifice of the camiid 
canal by a raised ridge of bone, and on its lateral side it is related to the medial aspect 
of the sheath of the styloid process. Mediaily it k separated from the hvpo- 
glotfsal canal by a thin har of borte, Tlic foramen is usually larger on the right 
side of the skull and its long axis is directed forwards and medially. The anterior 
part of titc foramen transmits the inferior |H;trosai sinu3 ; its intermediate part, the 
glossopha^nge:iJ, vagus and accessory nerves; and its posterior part the internal 
jugular vein. When the superior bulb of the internal jugular vein is well developed 
ihefttgufar fossa of the temporal hone is hollowed out in an upward and lateral direc¬ 
tion to accommodate it. 

The styloid prmss has been described already (p. Posterior to its root the 

itylomastoid foramen transmits the facial nerve, llchind and lateral to the foramen 
the Lip of the mastoid process projects dovvnwarda and fonvards. and fom’us the 
Lateral wall of the masfmd notch, from which the posterior belly of the digastric 
muscle takes origin. Medial to the notch this pan of the temporal bone may lie 
grooved by the occipital artery. 

In the median plane behind the foramen magnuni the squamous part of tlic 
occipital bone piL^nts tlie external oeeipital crest, which gives attachment to the 
upper end of the ligamentum nucha;. It terminates behind at the esicmal occipital 
protuberance. Near its mEdpoint the r>i/rrfor ioiciifil line begins and curves back- 
wards and btcrally. It is nearly parol let to the superior rmchal tine, which extends in 
the ^mc dla-crion from the external occipital protuberance and ntay be raised into a 
distinct crest in its medial part. 

Particular features.—Tlie foramen magnum provides a w^ide cotnmunicstion 
betw'ten the pcwtcrinr cranial foMa and the vxrtebral canal. Anteriorly ii [mnsmits 
the npical ligament of the dens aiid the mmibrana letTorin, l>ath of w^hich gain atiHch- 
mcni tn the upper surface of the basilar part of the occipital bone. I ts wider, posteriiiT- 
part tran^mitA the lower end of the medulla uhlongata and the menin^eH. In the 
subumchnoid space the spinal roots of the acccesori,^ n t rves, and the vertehnil arteries 
w ith their plexuses of sympathexic nenTSh ascend to gain the interior nf the cranium, 
the posterior spinal arteries descend, one on each pustemlatenil aspect of the hraitl 
stem, and the anterior spinal artery- descends on the front of the brain fttcni in the 
median plane, lit addition, the lower parts of the tonal Is of the cerebellum may 
project into the foramen on each side of the medulla ablongata, Use anfftior marfsin 
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of the fqnuncn Rivei attJi^hnicnt lo the [mterint fliLmifi^-ooctpirfll nicmbrancr wliitzh is 
ccmtitiLiOiia on each skic with iht cup-Kukr Ugament of the jirinntis-ntcipitfll joint. The 
ptnitri/^r murj^n pil es fttiflchmmt to the po?Hf rior atlartto-cMTiipiml mE^mbrane, and the 
muifhencd nriL-^iiil aspect of the enndyfi^ iej the Jilur Ifptnment. 

In ddditinn to the hj-pORlussiiJ ntrve the hyp^atm! c^nat ttnnAtnits s nieninpcfll 
branch of ihe nflCiftidijiij pharynpeaS arterv- ntid a stiinLI eitiiasary vein from the iift&ibr 
N'ol uncommonly the canal ia divided into jvno pnm hy a spitule of boncp a 
variatwin which is in ketpin.^ with the compcHiite nrigiti of the h^pogloasal nerve 
(P- 1 *37)- infenor iiiii'Hec of the jupuUkr process of the occipitnl iKsne provides 

Insert Eon for the rectus capitis late rail* in tisclc. 

The jiPgf id ^F foramen (fig. 307) is directed upwards, medially and bnckwattls, and 
on tiie eiliemol surface of the base of the skull its apparent si^c is incteased owio^ tu 
the presence of the jugular fossa of the tcmpcjml bone op its Latenil side. The floor of 
the fckSsa separates the superior bulb i>f the mtemal jugular vein from the tympanic 
cavity, and its lateral wall is pierced by a minute canal, termed the mailmd ctitutlkw/ui, 
which transmits the Eiui-icuiar branch of the ^^Bgus nerve^ Pasaing laterally through the 
lw>nc this nerve comes into intimate telatinnahip with the facial canal and finmhy 
emerges In. the line of the tympanonuistoid suture- It is cxirs^rHnial uE birth hut 
bccomct suirrnindcd by bone ss the tympapic plate and the mastoid process dev'clop. 
On nr near the riEigc between the jugular fossN anti the orifkc of ihe eSToud canal, the 
€^imficufuf far tht tympumi: tKrz't picnccn the hi^e to irimsmif die tymponic rterve 
from the glofsscipliaryngefll ntrvv lo the middle ear. On the upper l^iundary of the 
jugular foranten near its medial end, there is a small notch—more cpaily identitied on 
tlie internal surfaesr—which lodges the inferior jpmgl ion nf the glossupharyrrijtcal nen^e. 
The u rifice of the ^acMmr mmiitviai (p. J 24) at tlic apes of the notch^bc p rojecting 
edges of which msy tcttdi theoccipitnl Iwnc emd divide the foramen intty three parts, 

*T‘he styiomtisimjJoramm lies behind the root of the styloid process and at the 
anterior Ltid of the inusloid notch. As the facial ncn'c emerges from the foramen it is 
in close proslmlty to the posterior belly of the diuasEric« which it luppliw liefure 
entering the parotid gland. In ndditicis lo the facial nen'e the Foramen trsinsmibt the 
Stylomastoid hraneb of the posterior oiiricular artery^ A vaseular groove crosses the 
inferinr aspect of the puAtezior part of ihr temporal bime medial to the! mastuid nolch. 
It is caused by the occipital artery, and its absence indicates that the vessel lay at a 
lower kvel than uiual and Iih- tween the splcniiLA capitiBi and longisaimua capitis inciteud 
of deep to both muscles. 

ITic aien belmi the inferior line gives iniKM-tiun mmlinlly to [be rectu* capitis 

posterior minor, and btendly to the rectus capitis posterior major (fig. 308). live 
interval between the Laferiorond the superior nuchul lints provides insertion medially 
for the aemisplniiSsii captrii^ and laterally for llir obliquus superior. Jn its medial pant 
the iitpi^tor nuchai imr tfxvc% origin to the highest hbretf of the trapezius muscle ; in 
its lateral pan it gives inicrtinn to fibres of the stemumastoid kiieI^ more anlerinrly, 
iplenius capidi. 


THE INTERIOR OF THE SKULL 

The cranial cavity coniaind the brain and its mcmbrani^ and their blood¬ 
vessels. Its wolU ape formed by the frontal, parictuh sphenoid, temporal and 
occipital Iwncs and, to a very STEiall extent, by the ethmoid hone. 'Fhcy are lined 
with a fibrous membrane, termed the endafrofnant, w^hich is the cuter layer of the 
dura mater. It passes through the various foramina which lead 10 the exterior, and be¬ 
comes continuoirs with the pcnDstcum on the outer Htirfaccs of the bones of the skull, 
often lermed the pfricramum. Both ihtiJc hhrous membranes an? continuous with 
the sutural ligaments, which occupy the narrow LnterUf&scous Intervals at the sutures. 

The walla of the cranial cavity vary in thickness in different skulls and in different 
parts of the same skull; but they tend to be thinner in aituatiems where they are 
Weil covered with muscles cxtcmallv^ e.g. the iempoml and posterior cranial fossa?. 
Most of ihc cranial bones consist of an iiuier and an inner tahfe, formed of compact 
substance and separated from each other by the dr>/&f; wdiich consists of spongy 
substance containing retl bone marrow' in its intersdeea. Many of the bontja arc so 
thin that the tw^o tables arc continuous, e.g. the vomer, piciygoid plates, etc. The 
inner uh!e w thinner and more brittle than the outer tables w hkh is often surpris¬ 
ingly resilient, 

Ahhuugh the skull tends to t>e thicker in primitive than in higher nites no rela- 
Lionship esiais between thickness of skull and menial capacity, and in all races the 
bones of the skull are thinner in women and children than in men. 

The interior of the skull is described in two sections: (t) the internal surface of 
the skulbcap ; and (2) the internal surface of the base of the skull. 
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*rilE ISTERSM. l OF tllE SkLLL-CaP (fig, 311) 

The skull-cip comprises mmt of the frontal and parietal bones ajid the upper¬ 
most portion of the squamous pari of the occipital txme. It is marked, therefore^ 
by the coronal, sagittal and lambdoid sutures, but they may or may not be visible 
for the cranial sutures tend to become obliterated in old agt and the protns rf?in- 
fieri nfi ihr errebraf surface. I'hc skull-cap is deeply concave in all directions and 
presents numerous vascular furirni^ and other marKingSH 

.\iitcriorly^ in the median pbiiCp the upper end of the frantui err^i pre^jects back¬ 
wards- It gives attachment to the falx cerebri and is grooved by the commtneeniefit 
of ihe lagittn !This sulcus lodges the superior sagittal buius, and widens pm- 
gressivcly as it runs backwards in the median plane along the sagittal suture k On 
each side of the sagittal sulcus the bone presents a number of irregular depressions^ 


Fig. 311 .^ 7 ’he iuicmil iiirfBce of the ikull-enPr 
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termed granukir Tltey are more numerous and more ohviotts [n aged skulls 
and are fcprmccl by the arachnoid granulationsp which arc tuft-like protrusions of the 
arachnoid maier. 

The anterior branch of the middle tneningcaJ artery and its accompany I ng veins 
gnxn-e the bone deeply about i cm+ behind the coronal suture^ and their line cotre- 
aponds more or less accurately to the precentral auleus of die cerebrum, liie rami 
of this artery and those of its posterior branch course upwards and backwards fmm 
the cut edge of the skulL-eap, in grooves on the inner surface of the parietal Ixjne, 
Smaller grooves produced by mcningeaJ vessels may be present on the inner surfaces 
of the frontal ajid oedpital bones (PL III), When present, the parktalftfntmim 
open on this surface near the sagittal groove about 3^5 cm. in front of the lambdoid 
suture, f^iich transmits an emissary vein from the superior sagittal sinus. 

The impTiiiiont for the frtebraigyri aic Iw distinct on the skull-cap than on the 
base of the akulJ and arc seen best near the cut edge. 

The IsimNAL Sl-oface op the Base op the Skull 
£fip. 293, 312) 

The internal surface of the hswe of the skull shows a natural subdivision into 
anterior, middle and pewterior erunial fossar. It b ver>' irregular owing, partly, to 
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the impressions for the cerebral ppyri* will eh are especially conspicuous in the atiiertor 
and middle fossae^ where they rehect accurately the pattern of the surface of the 
corresponding parts of the cerebrutn. The dura uiaLer is lirmly adherent to the 
whole area, and through the numerous foramina and fissures die endocranjum is 
continuous with the pencK^tcum on the exterbr of the skulk 


The Anterior Cranijil Fossa (figs, 295, 312) 

The anleri-or craujal fossa is limiUxl in front and on each side by the frontal 
bone. Its floor is formed by the orhiial parts of the frontal bone, the cribriform plate 
of tite ethmoid and die lesser wings and anterior part of the body of die sphenoid. 

The cr/ftrfforw fiktt of ihv rihntoiJ, which stretches across the median planCp li« 
between t!ie two orbital pana of the frontal bone+ and is depressed below the level 
of the rest of the floor. I t separates the fossa from the nasal cavity, the roof of winch 
it helps to form {fig. 317). Anteriorly it presents a median crest-like e 1 e%-aiion, 
temuAl the crisfo which projects upW'ards Viet ween the two cerebral hemi¬ 
spheres, A depression intervenes between die front of the crista galli and the crest 
of tfie ftOfUiii the floor of which is crossed by the fronto-clhmoidal suture and 
ts marked by the presence of the foremen Cftcum. On each side the crista gaJli is 
separated from the orbital part of ihtf frontal bone by d narrow' interval. 'Fhe 
numerous small fommina w'hich perforate the cribriform plate transmit the minute 
olfaeiory nerves from the nasal mucosa to the olfactory bulb. Posteriorly the 
cribriform plate arriculaics with the anterior part of tlie bixiy of the sphenoid at the 
spheno-ethinoidal suture. 

The orhiial part 0/ the frontal hofre forms the greater part of the floor of tht fiissa 
on each ride of the median plane and separates die orbit and its contt^nts from the 
inferior surface of the frontal ktbe of the bnun. Its surface ix convex upwards and 
is marked by inipressions for tlw cerebral gyri and by one or two small grooves for 
meningeal vcsbcIs. In its anteromedial part it is split into two laminte to contain 
part of an air-spacc, termed the frontal tintis^ l^he medial part of the atbital plate 
covers the ethmoidal labyrinth and shuts it out from the floor of the anterior cranial 
fossa. Posteriorly it !ijrdcu.Lites with the anterior border of the terser of the 
sphenoid bone^ I n the median plane the cerebral sti rface of the f rontaJ bo ne is marked 
by the froniat crest, which projects backwards into the interval beiw'cen the two 
cerebral hemispheres and extends upwards on to die interior of the skul)-cap. 

Behind the cribriform plate the Huor of the anterior cmnial fossa is formed by 
the anterior portion of the upper surface of the body of the sphenoids 'l^his part of 
the bone is termed Uncjugum sphenoLduiCf and it sepatatrs the fossa from an air- 
space contained in the body of the sphenoid and named the sphenGtdai s{na$ (fig. 3i5)» 
Anteriorly Lhe jugum articulate with the posterior margin of the cribriform plate ; 
posteriorly it is tiniiied by the anterior border of a gr^jovc, uauafly Icnried the opiic 
w'hich crosses the Ixxly of the aphenoid in the forepart of the middle craniaJ 
fossa an d leads from one optic canal \ o the other. Late ml to the jugum the floor of the 
fossa is formed by the kstrr teiti/f of the sphetand. 'ITic posterior margin of the lesser 
wingT which curves medially and backw'ards, is free and overhangs the moat aniericjr 
part of the middle cranial fosga. Laterally the tesger wing tapera to a point and meets 
the suture bet^vecn ihe frontal bone and the greater wing at or near the lateral end 
of the superior orbital fissure. Tlic medial extremity of its posterior border forms 
a projccaon termed the anterior cUnoid process, Mkflally the lesser wing is con¬ 
nected to the body of the aphenoid by rw'O root^^ separated from each other by the 
optic mmL llie anterior rooip broad and flat, is continuous \vith the jugum 
sphenoidale; the posterior root^ smaller and thtcktrp la connected to the body of 
the sphenoid opposite the posterior border of the optic groove. 

Particular features- -’I'he ertsia ffath and t\^efronlal crest give aEniduncnt to the 
falx cerebri. The fommcft caam between them usually end^ blindly^ but on rare 
oceogions it is patent and transmits n, vein from the nasal mucova to the superior 
sagittal sinus. The narrow groove on the lateml side of the crista galli Ls related to 
l>ic pyrus rcetiis and the olfactory bulb lies on the medial edge of tJie orbital pan 
of the frontal bone. The anterior rihmmdat ramd opens on the line of the suture be¬ 
tween the orbital part of the frontal bone tincl the cribriform plate £fig. 34.(i>, It 
is placed behind the cri^m galli and is difficult to identifyp for it is directed medially 
Rod is overlapped above bv- the mediHl edge of the orbital plate. It tranamits the 
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BntcdcircthmHsidal nen-e uitl which run iorwarti un^cr ihe duni mfiier and 

lEftin the Bj«^l cftviry by puasing wards ihmugh » sHt-hke fommen at the side 

of the emto golli. The potftrivr fthmoidifi canal opens at the pcksterojuteml comer 
of the eiibriromi pkte and it ovcfhimjt by the anterior border of rhe sphenoid, [t 
tninsmils the posterior ethmoidal vessels* but the posterior ethmoidal nert'e terminates 
by topplyins the mucous luiinE of the sphenoidiJ and poatedor ethmoidal sinuses. 

Fic. j f ir— The ypper syrfade of the left hiTf of the baiie of the skull. 
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The free, posterior border cf the Injcr wht^ of the sphenoid fils into the stem of 
the kienil cerebral sulcus and may be ^roo^'ed by the sph^opanccal sinus. Above, 
the lesMT winfi Is related to the posterior part of the inferior surfiiee of the frontal lobe 
and medially to the anterior perforated substance. Inferiorly k formi ihe upper 
boundary of the superior orbital fiasurc and helps to complete the roof of the oibiL 
The anfcTtor citnoid ptatm ^rivea attachment to the free border of the tenlorium ccre- 
belll and is grooved on its medial ospeci by the inteiTMil carotid artery as it pierces the 
itwf of the cavernous sinus. Not in frequently the anterkir clinoid ptoci^ is connected 
to the middle clinoid process by a thin bar ofboine, which Ci^mplctes a foramen around 





















2 ^ osteology 

rhc iiiTcmfll carond flrtcrj% ^*hc Hut i^urfjict; uf thi.* fphfumdaie siippcin* the 

pmti^rior ends of the r^titi And t\\c olfact^nn' tmets. 


Twu MmmJE CMJtNiAL Fossa 3 [2) 

llic iTiidc]]i: cruLiat fossa is dci^pcr tlwn the anterior ; h 'vt moTc tALtensii c an 
each side than in tiic medLm plancp and Its avails hear some resemblance id a butter¬ 
fly with outspread wings. In front it is bounded by the posterior borders of the 
lesser wings, the anterior elinoid processes and the anterior tiiargin of the optic 
groove; behind by the superior bonJen* of the petrous parts of the temporal iu^nes 
and tlic donsum sella; of the sphenoid bone; laterally by the temporal fuiuarna:, 
the frontal angles of the parietal bones and the greater wings of the sphenoiil. 

In Che median area the firvor is formed by the body of the sphenoid. Jn frunt, 
the ifpiit: gr^'t leads on each side into the optic canal. The .huJcus does not lodge 
the Dpiic chiasma^ which boa above and behind it. 'Hie apUc canal is placed 
between the two roots of the lesser wing and is bounded media]ly by the body of the 
sphenoid. It 19 directed feu^vardit, latcndjy and swimewhai downwards and transmits 
the optic tictic and the ophthalmic artery, tinmcdiately behind the gn)cive the 
upper surface of the lw>dy cF tiie sphcinoict h shaped like a Turkish saddle and is 
termed the ref/u turdiii. Its anterior slope is marked by .'i metiian elevation^ termed 
the £uhi!rciiluin sMr, and behind that the surface ia hoHo^ved out to form the 
ppy^eiiijosta (fig. j ta), which lodges the hypophysis cerebri—an important ductless 
gland. ^riiE floor of the hypopliyscal fossa fojTo.s part of the roof of the sphenoidal 
sinus. (PL III.) Posteri or to the foi^ a plate of bone p rojccts upW'arda and forwards 
to form the danitm On each side the superoiateral angle of the dorsum scltis is 

expanded to form the por/fnW dtnQid pro^fss. Lateral to the sella tuicics the body 
of the sphenoid presents a filial low grotwe fhr inlmtai mrntul *ir/rry^^ as it runs 

fonvards from the foramen Licenimd A small ekvailon ttmrks the anterior part of the 
medial edge of the camdil groove and Is termed the mlddfe chrtfiid procesf \ it may 
be joined to the anterior clinoid pmcess hy a thin bar of bone. Postenorly the lateral 
edge of the carotid groove may he deepened by a small projection termed the 
imgulu^ 

I’hc laierat pitrt of the middlci cramal fofisa is deep and Its floor supports the 
temporal lobe of the brain* It is formed in front by the cerebral surface of the 
greater w ing of the sphenoid ai^d behind by ihe anterior surface of the petrous part 
of the tempoml bone, while the cerebral surface of the icmpcifal squama oceupies 
the idten-fll between these two bones in the lateral portion of the floor. It is related 
in front to the posterior part of the orbit: laterally^ to the temporaJ f^jssa; and 
below, to the infratemporal fo594. 

Anieriorly it eammurneates with tfie orbit througli the superior orbital Assiire, 
which is bciiinded above by the lesser wing, helow‘ by the greater wing, and mediany 
by the side of the body of the sphenoid. Tlie fissure is wider at its medial end than 
at its lateral end and its long axis is directed upwards, laterally and fnnvards. It 
tranamint the terminal bnmeheft of the ophthalmic nerv'e, the ophthalmic veinSp the 
oculomotor, trochlear and abducent ncn-cs, and some smyller veascls. 

'rhe foramen mtuudum pierces the greater wing of the sphenoid inimedlately 
below and a little behind the medial end of the supcriEir orbital fissure. It leads 
forw^ards into the pterygoi^aiinc fossa, to which it conducts the mamillary nerv^c. 

The foramen ovale pierces the greater wing of the sphenoid posterior to the 
foramen rotundum and lateral to the lingula and the posterior end of the carotid 
groove* It l&tda downw^irds into the tnfraicmporal fo^a and transmits the man- 
dibuLir nen'c to that region k 

The foramen spioosum lies close to the posterolatenil margin of the furamed 
ovale, and transmita the middle meningeal artery- Tht- artery, with Its accom¬ 
panying veins, runs laterally to gain the tempf^T^ squama on which it runs 
upwarihi, forwards and kicrally. Crossitig the sphcniisquaiimsal suture for a second 
time it ascends on the greater wing and divides Into anterior and posterior branches. 
The anterior branch proceeds upwards across ifsc strehrat mrfac^r of ifir ptmoii 
(p. 277) and gains the anterior part of the parietal hone. In the region of the pterion 
the artery is often enclosed in a Ixmy canal. The posterior branch runs backwards 
and upwards on to the upper part of the temporal squama and crosses the squamosal 


TIHE SKULL 


m 

future to gai[i the pusterbr ’purt of the parselal bone. Tlnac urleHcs aniJ their 
accompanying veins pn»ducc conspicuous grooves in the f^oor and lateral uatl of 
the middle cranial fossa. 

At the posterior end of llic carolid groove and posicremedial to the fomnen 
ovale the foramen laterum is ^titiijiicd. h is boonded behind by the ape^ of the 
petrous temporal and in front by the body of the sphenoid and the posterior border 
of its greater wing. This end of the forarnen Let turn tninsiTiils the in tenul carcilid 
artery' and its accompanying nervous and vcnoiis plexuses^ logetiier with iRmie 
smaller struetufes. 

Behind the foniinen lacerutn ttie anterior surface of the petrous temporal 
prti&ents a shallow depre:^ion adjoining the apes of the Iwme, It is occupied by the 
irigeminal ganglion, and is nainecl the iagminiti tjffprrrn'o/f, Tb< g-^ngliun li^s in a 
special recess of the dura tnater and extends forwards above the lateral part of the 
fcammen lacerum. Postcrotatcral to the trigetntn;i! impression the surface prasents a 
shallow- hollow^ limited posteriorly hy a transversely rounded elevation»termed, the 
tsfrutiff rmitirwr. This elevution is produced hy the stiperiur semicircular canal^ 
wlkich is closely related to the Hour of the nnddlc cranial fossa in tills situation. 

Latcnii to the trigeminal impression the anterior surface of the petrous temporal 
presents a narrow grtxjvc which is directed backw'ards and laterally and soon dis¬ 
appears into ihe tiiaim for tkr ^rniitfr pfirosai nrTZ-r. Anterolateral the arcuate 
eminence the anterior surface of die petrous temporal is formed by the teg men 
tympanic a thin lamella of bone which forms the roof of the tympanic cavity, and 
extends fonvards and medially above the auditory tube, [.atcnil to the arctiate 
emlnenec the pi’isterior part of the lirgmcn t\Tfipalii forms the r<Hd of die mat^ti'dd 
antrum—an air-space in the bone winch eoeiirnunicilti^s in front with die tympanic 
cavity. 

I'bc rifpmbr bordfr of the prirom trmporai separates the middle cranial fossa 
from the posierior cranial fossa. Behind the trigenunal impression it b grooved by 
the superior petro^l sinus^ wdiicli connects the posterior end of the cavernous sinus 
to ihe upper end of die sigmoid sinus. 

Parlleul^r features.—''I'^he nptic nefve cavries with it thmugh the Dplie carui] 
B ahenih derived from the minnbninea of *he braiti. The ophthulinic urterj' bclu^v 
the nerve, ami in eont&ct widi the posterior nxit of the lesser wing. 

f >Ti each side of the b^xly of the sphenoid the eavemuu" einna ci^lends from the 
medial end of the superior orbital tissun: to thr apex of the petrous part of the tempond 
bone. In addttiofi m ihtf inicmal carotid artery and its plexus of s^Tupathetic nenes 
the sinus eoniains the ocLiloniotor^ the trciehlear^ Abducent and ophihalmiv nerves, 
but these stnictures do not come into contact with the hone, .^n anterior intcr- 
eaveniuiiS sialua, which cfmScfi the fuj^rTCufunf and b po^tcriar inlerCBvemous 

sinus, w'hich crosses the front of the dforjuw seffrc, connect the tw^o cavernous Rinisses 
lo each nfher. The diaphmgtiia wllar, which surtnunds the iiif|jndibulurn« U con¬ 
nected to the tuberculum in front an^l to ihe dorsuEii selki? I>ehinil. ^I'he p/nifritiT 
rliitoiti prfif i^f ^ives atiat.'hnient i« the unirriiir cxtrrrnlty nf the afiAchi^d mamin (he 
tentorium cereE>el]i and to ihe pvtrospheiicnd Jigamvnt ^p. 1114). 

llic ^ peri or orbital Hx^oxe (fig, ai>r3) opens into tlic orbit between it5 roof and 
its lateral wall, its tower border Is marked by a small projection which (ffives attach^ 
mcot in the lateral part of the unulus Undineus communis. At the lateral extremity of 
the liaaurc the greater wLtig articLildtrs wiih ilie urhiial pan of tile fi^inial lionc, 
(Srr aho p, a>5.) 

"t*hc fora men rotuntlam^ like the medial end of the luperiur orblial fissure, b 
intimately related to the Lterol wall of the sphenoidal sinus. Qrigindlly a part of tbe 
fissure, it becomes !;eparated Mcnndanly. A smaU foramen may be present at the root 
of the greater wing medial to die foruriien o%'ale ; it transintts an emissary vein frcrtn 
thv cavemnus sinus and is often termed the rpniimrv sphnoHdui /orflwn. In addition 
to the niandihular ner\-e the foramien ovale transmits ihe uizceasritc' ttienlrigcal artery, 
and, sometimes, the lessor pi'trosal nerve. In addition to the middle mcnirigeal 
urtery^ the foramen splnosum tranBmitH the meningeal hraneh of the mandihuLt 
nerii'c. B<hlh iJiese foramina Jite represented dt firxt by notches on ihe n^urgin of the 
grcfllcr wing, which siibjurquenrly become convened into foramina. 

The foratnen lacerum, as described cibos'e (p. 2^6)^ is a ahott bony canu. 1 , tra¬ 
versed in its w^hcle extent only by minute meningeal branches from the ascending 
pharyngeal artery and a few fimall vetos^ llic inicmal curoiiil tirtery pi frees its 
pi Interior wall dtid ascends through its upper impelling, 'Fhc greater petTtKiil nerve 
emerge* from it.* hiatus and runs forwards in the iirH^ve which marks the anterior 
iLirfncc of rhe pctmilS part cif tlic lemp^iral Imne- It turns d^.lW^nW’a^[J^ thriUJgh the 
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romnien Eflccrum on the latemi side of t ho internal corotid BrTcT>' pnd is Joined by the 
deep petroftail nerve tn fiirm the nert'e nf the |5rcryg4>id Tkw nerv'e learea the 

Faranien loccrwn abovo its lower npcnintf by traversing the ptcr^*id ^anui, w'hjcli 
apenia on ii? anterior wa]L ""llie Ivi^r petriisyLl nerve !ie^ to cl^ luteral ^ide of the 
^eattf r as it rmtirKC? on the interior atitfaix of the putmus part of the temporal bone 
and may oeenpy a sitiiil! 

In a ^'oiing akuU ibe suture between the petrous and the squamous parts of the 
tcmportil bone may^ be visible at the lateral ItmiT of the tegmen tympanip but it is 
usiL^y obliterated in the adult skull, [n thin situation antenorKyn the hiterBl mBr^n 
of the tegmen tympani turns downwards, forming the lateral wall of the bony pari 
of the aiiditoty tube, and in lower border may he visible in the Anor of the s^utuno- 
tympanie fissure (p^ 


Fm. 313.—A horiKonlal sieetien through she nnant teid orbital cavitirs of the kft sidci 
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Lntcrjl to the an terior part of the tegmen tympani the pan of the tcntparal squama 
which helps to fonn the floor of the middle cranial fns$3 is thin and transiluocnt ov^r a 
small area. I'his corresponds in the deepest part of ihe mandi bular foa$£i on ihc exter¬ 
nal surface of the ba$c of the ^hulL 

In front of the i.'omnieneenient of the (tniove for the superior peimsal sinus the 
upper i^rdrr < 1 / the priraus iempfiral ?how.» a shahuwv nmitoth nuteh, often termed the 
mgmtinuf mtth, which leads into the jmpressiofi. In this situation the mats 

of the tTigrtnirml nerve intervene between the supeni^r petrol sinus and the bone. A 
liny ipiculop directed forw^ards and medially, marks the anterior cslremity of the natch 
and ffivw attachment lo the lower end nf the petm^phcnoidal lij^amcnt. The abducent 
nen,'c bends forwarda sharply across the upper border of the petrous part of tlic 
temporal bone immediately in fmnl of this bony spicule,* and so ties bemeett tht 
pelrosphcnoidstl ligament and the side of ihe dorsum selLor. 


The Posterior Craxial Fossa (fig^s. 293 , 313 ) 

The posterior fossa is the largest and deepest of the three cranial fosa» It is 
bounded in front by iJic dorsum scllaj, the posterior part of the body of the sphenoid 
and the basilar part of the occipital bone; behind, by the lower ponion of the squa- 

* E. WolfT, Jf, Atuil., tlj, 1039 , 
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mom part of the oDcipital tx>ne; on each by the peirouB and mastoid parw of 
the temporal bfinc, the lateral (tvmdyiar) pan ot the occipital bone anti ;il>ovc and 
behind, by a small part of the maAtoid an^lc of the parietal bnne. U ooniairm the 
cerebellum behind and the pons atul rticdulla ublon|^ata in front. 

The foremen magnum (p. 2:8<j) is in the Hoor of the fossa and is surrounded by 
the parts of the occipital banc. Its drcunifereticc is formed by the basilar part in 
front, by the lateral part on each side and by a small portion of the squamous 
part behind. Just in front of its transverse diameter it is encroached on by the 
irregular, medial aspects of the occipital condyleft, so that It is somewhat ovoid in 
sliape and h wider behind ihiin in fronts Its namiwcr, anterior pan lies above the 
dens i>f the axis vertebra ^ its wider piisterior part cotnmtinicsiics I'sclow with ilie 
vertebral canal, and through it the medulla oblongata pasajes do^vn to become 
continuous with the spinal medulla. 

In front of the foramen magnuni the basilar part of the occipital bone^ the 
posterior part of the body of the sphenoid bone and the doraum scllsc form a sloping 
surface, gently concave froin side to side, to support die medulla oblongata below 
and the pons above* On each side this area is separated from the phetrous part of the 
temporal bone by the petro-occipital fissute, which is occupied in the receiil state 
by a lliin plate of cartilage. The fissure 1 % limited behind by the jugular foramen, 
and its margins arc grooved by the inferior petrosal sinus. 

The jugtilar foramen (p* aqo) lies at the posterior end of the petro-occipital 
hssiirc, and It^ads forvrards, downwards and laterally to the external surface of the 
base. Its upper border is sharp and irregular and presents a notfk for th£ ^ttnso* 
pharyngeal Hm.e. Its lower border ia smooth and rc^lar. The posierior part of 
the foramen transmits the sigmoid sinus, which is continuous below with the interiial 
jugular vein. In from of the vein the access^ryT vaguis and glossophary ngeal nerves, 
in that order from behind forwards^ trav erse tlie foramen to gain the upper part pf 
tile neck- The most anterior part of the foramen transmits the inferior petrosal 
sinus. 

Medial to the lower border of the jugular foramen a rounded elevation* termed 
ifio juguiiiT tiiberele^ marks the condylar part of the occipital bone* U lies alin'e and 
soEnewhat in from t>f ihe inner opening of the hypoglossal canal, which pierces 
the bone at the junction of the basilar with the lateral part and transmits the 
hypogJossaL neiwe- 

The posterior surface of the petrous putt of the temporal bone forma a large 
portion of the lateral (or anterolateral) W'aJI of tlic posterior fossa. Above the anteri or 
part of the jugular foramen ilie IiiceriiaL acoustic meatus (hg. 312} mns transversely 
in a lateral direction. It k a short passage, diout 1 cm+ long, closed laterally by a 
perforated plate of bone which separates it from the internal car. It transmits the 
facial and siaiE>-acoustiE: (auditory) nerves. 

Behind the petrous temporal the lateral w'all of the posterior cranial fossa h 
formed by the mastoid past of the tempioraJ bone. Anteriorly it k marked by a wide 
groove, w^hich runs fartvards and downwards, then downw^ards and medially, and 
finally forwards to the poftlcrior limit of the jugular foramen. This groove contains 
the sigmoid sinus and is temied the sigmotd sulcus (fig* 312)+ At its upper end^ 
where it touches the masuud angle of the parietal bone, the groox c k continuous 
with that for the transverse sinus and crosses the parietomastDid suture- .*\s it 
descends, it lies hrhtnd fhr mtinloid afttriim and forms a %'ery imp^'irtant 

relation of that cav ity. In this part of iiEi course the niitrfittdfortimm opens near iis 
posterior margin and transniits an emissary^ vein frt>m the sinus. In Its lowest part 
part the sigmoid sulctis cms&es the occipitootastoid suture and grooves the jugular 
process of the occipital bone. It h usuaUy deeper oej the right than on the left 
side- 

Behind the foramen magnum the squanioti^ part of the occipital bone is marked 
in or nestr the median plane by the mtrrnaf ^Kcipiful crerf, which ends above 
and beldnd in an irregular elevation rjamed the mitTnahtedpifa! pFoiuhtninre- f)n 
each side of the protuberance a W‘ide shallow gmovc cun.ee laterally with a alight 
tipwanl convexity m the neisiuid angle of the parietal bone. It is produced by the 
transverse sbius^ is usually deeper on the right fide, and at its lateral extremity is 
continuous with the groove for the sigmoid sinu^, Uclow the groove for the trans¬ 
verse sinus ihe internal ocripitid crost divides the bone intn two gently hollowed 
fossa?, which lodge the cerebellar hcmispliercs. 
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When the (Qndyhr ran&l is present (fig, 3^7), Sts inntir nrifict: lies behind and 
lateral in the orifice c\ the hyp^igtfjssal canaL [t transiniEE an einiE:$iif>‘ vein frurri 
the kmcr end of the aigmotd sinu$. 


Particular featiirc*.“»The anterior ^vall of the fossa is rekicd to the pics us of 
bdiilor HmuAc^ which connects the two infefinr pi^tin^a] minuses and coiiirnLinicatrs 
he jaw with the internal venebnil venous plexus. A little in front of the foramen 
magnum the mEtnbrann icetoria U attached to the hasilar part of the acipitiil bone 
(fiff. 4 ^)h covtrinir the attaclinient of the apical liKamrnt of tlie dens. The ju^uh*^ 
iahrrdf is f»ftcn jEEToovetl by the glnssopharyn^euh va^s and access^^ry ner^^es^ a<s they 
pa^s to the jugular fonunen. In addition to the hjpo>;]t«saL nerve the bypogtossai 
canal transmits a toeninui'al branch of ihc Hscendini; phai^Tigeal artery, llie caiul is 
often subdivided into two parts by u ffrnaU bar of bone* and this may related to the 
compcwilc nrigin of the hypoftlossal nersT (p. i J37h *llic roughened tnedmS aspect of 
the oedpifiil cotufyie (iig_ ^37) ifi%e# attaelitTient to the alar ligament. 

I'hc lower and posterior borders of the jugular foramen fpp. atjo, !ind 2^7) 
arc jRTinoth end regular, hut its upper border is sharp and interrupted by a notch^ the 
ends of which may succeed tn dividing the foramen into two or sometimes three com- 


Fi( 5 . 314.—ITie fundus of the right iiitemal imditory ineatufl, 
eXpD^ by a lection thltiuah Ehr petrous part of the right 
tertlpoTii] bone aesHy par^lkt To iti long am. 
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partmcntn. At its deep¬ 
est port the notch is 
pierced by the ecMeur 
runaliindmf which con¬ 
tains file perilymphatic 
duct [at|ueduct of the 
ctKihU^a), 

Tile internal ac¬ 
oustic meatuA trans- 
tt'tils I he stato-ncouji tic 
{audiKirj) neiv-e, both 
the motor and the fien- 
ia^rv roots of the facial 
nen e and the lahyriit- 
thine vessels. It is 
about I cm. in length 
and iti fttitfJtti is sepa¬ 
rated fmem the internal 
ear by a vertical plate 
i L ’‘^Wli itdhridedmiotvvo 

unequal pnrtions by a rreii (fig. Above the Lrest arueriorty the hfuic is 

pierced by the facial canal, which conducts the facial nerve through the pvfmuv 
Irmponit to the siylo-crLiistoid fommrn. Behind the ripening of the facial canal there is 
a imEill depresslun, termed the mpiTior trfiihufar tirra, which presents a number nf 
openiEigs for the passage of the nerves m ihe uiride and the superior and tateral 
semicircular ducts. Below the transverse errear anteritprlv lies the nrKfdfur tirnt in 
which a number of small, spirally arranged openings encircle the central cana] of the 
cochlea and ennstituic the (raetut rpfra/ri/orrtwiWjj. Behind the ivxdilcar area the 
in/mtr i tftfhtdijr (ireu presents several openings for tl^e nervx-a to the saccule Below 
and behind the inferkt vestibular area thc/ormwi-fl jfwjufnrr gives passage to the nerve 
to the posterior semicircular duct. 

Behind the orifiee of tb« inlrmal acoustic tnratua a thin plate nf bone with m 
Ittritularly cuned rnatK.ti ptojccti hackwartla. and the slit which it bounds contii^s 
tte external openinj? nf the of tht 335). Within the aqueduct 

the Mcctw and ducTws endolymphiticua (p. laSb) ore cntitaiitcd tcwcther with a smal 
aricf>' and v^. In the a^ betwwii the iniemal acoustic mealus and the externa 
DI^ninK of the aqueduct nf the vwnbule there i» a «null depieswd area* termed the 
tv^rfoaSf fmui which Mpw n smalt pmeew nf the dun. maier. It lie* nearer to h, 
upper border of the bone (hR. 333) «id is pierced by a small vein* In the infant he 
fossa IS relatively larRe and extends as a short blind tunnel under the superior semL 
lar canal ; it cDtre^poTids if* the Ancculnr fossa in some atilmala 


circular ca^ ; it cmrotpoTias if* ihe nncculnr fossa in same animals. 

In addition to an emi^n yem, the maiioidftirainm transmits a mcnineval branEdi 

of the oeeipital artery, which w sometim™ latRe enough to prudtiie a er^vc on t^ 
Rquamouis part of the occipUal bunr. * 

The tn/erwif ««pira/*Trtf jjivcs atmehment to the falx cemhclii and rnav be Htooved 
by the ocepitJ amui, which u soTnetimes duplicated and is occasionallv a'lame vessel 
Its ow^r end is related to the infenof vermis of the cerebellum. The wi^Tnal ofS} 
protubfronte is related to the conH.iencc of sinuses and is jmraved on each side hv tl J 
coromeiwcmHit of the ir^versa sinus. The maririns of the grwre fyr the itan» Jr» 
ttntts Rivc attpchmcnt to the two layets of the tentorium cerehelli. j i^, . |"„"i 

ditcctmn, the Ktoove readies the lowest part of the miwioid anRlc of the parieial bone 
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where it hi-txime$ cqntinuous with the jtrqqvc for the si^iuid imus. On mch Aide of 
the interrml t^c^b'ipitBl crest the hone is thin Aivd Lriitisluccnt, in marked cnntmst to the 
regions of the crest iind of the internul uetipitsl protuberance. 


THE NASAL CAVITY 

'Lhe D2saJ cavtc^- m. the fir^i of the respirator)' possagcft and is sin irrcgubrly 
shjipnl space which extcniis from the roof of the mouth upwards to the hose of the 
skull. It is subdivided imo right and left halves by a septum (fig* J15), which is 
approxlrmtely median in position* In the dried slcu]! the septum is deficient 
anteriorly^ and as a result a single anitfrmr rtasai aperture k presCEit on the norma 


Fic. 315,—The bony nn&al septun!, l*cft «idc. 
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frontalis. 'Fhe scpturrip howevetp reaches t|ic posterior limit of the cavity^ which 
communicates with the nasal pari of ilie pharynx through a pair of pQsterhr nasai 
apertures, placed immediately above the posterior border of the bony plate. The 
cavity is wider below than above and k w idest and deepest in its central prt, [t 
communicates w ith the frontal p ethmoidal, nwdlkty and sphenoidal sinust^ 

Each half of the nasal cavity has a roof, a floor, a latetal and a mediEd wall—the 
medial ivall being formed by the corresponding side of the nasal septum. 

The roof (Bgs. 315> jtb) h hoHi^ontal in its middle part but slopes downwards 
in front and behind. The anterior aloping part is formed by the frontal and nasal 
hones and contributes to the formation of the external nose. ' The horizontal part k 
formed by the cribriform plate of the ethmoid bone and separates the nasal cavitv 
from the mediiti part of the floor of the anierior cranial fossa. It presents numerous 
small openings for the passage of the olfactory nenes. The posterior sloping part k 
fi^rmcd by the body of the sphenoid and is inierrupted, on each side, hy the rounded 
orifice of the sphcntiidal sinus. 
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The floor is smooth, gently concave fnstti siJc to side, and slopes upwards a 
Uttle as it passes backwards from the aiiTerfor aperture to the posterior aperture. It 
is formed by the upper surface of the liony pabte and therefore intervenes between 
the nasal and ora! cavities. Anteriorly the palatine processes of the two maxilla? 
meet in the median pkne^ and behind them the hori^foiital plateg of the palatine 
bones articulate w’ith each other In the median plane and with the palatine pro¬ 
cesses of tlie maxi Ike in front. In its anterior part the floor dose to the septuin 
presents A Small funnebshaped opening w'hJch leads into the indiiEt canals [p, 345). 

nic mediat wall is formed by the bony septum (fig- 315X which extends betwcon 
the roof and the floor. It is a thin sheet of bone and presents a wide deficiency In 
fronts occupied in the recent state by the septal cartilage. It b formed almost 
entirely by the vomer and the pcrpen<licukr plate of the ethmoid- iTic vomer 
extends from the under surface of the body of the sphenoid to the bony palate and 
forms the lowrer and pristcrior part of the septum^ including its free, posterior border. 


Fto. jjfp.—ITii! T<iofi door jind fighc liicni waEI of the mvity. 
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It is nuu-ted tjy snuJJ furroire for vessels and ncriTs. I’he perpendicular pl^ju of the 
ethmoid fonm the upper and anlcrior part of (he septum {fig, 315) a^d is ODntinuous 
above with die cnbnform plate (p, 291). Tlw septum is often deflecied to one or 
other side, and the deviation occuis most commonly in the line uf die vornem, 
ethmoidal suture. 

The lateral wall ffigs. 316, 317) is very irregular owing lo the pte«n« of three 
bony projections termed the mfenor, middle and superior nasal cqucIue It is 
fonned, for the mwt part, by the nasal surface of the maxilla below and in fi^tit bv 
the pcrpondicuUr plate of tlie paladne bone postcriorlv, and above hv the tikil 
surface of the ethmoidal labyrinth, which intervene* betivccn the nasal cavdtv and 
the orbit, rhe three oonch® project downwards and aUehtlv medially and eich 
forms the roof of a passage winch comtnunicftio freely ivi tii the nasal cavity These 
pa.ssag€s arc ictmcd the meotusrs of fite riost^ ' - ■ c 

The inferior concha is a curved lamina of thiti bone and is an ifidcpendcni entity 
It articulates with the nasal surface of the maxilla and die perpendicular plate of the 
palatine bone, and possesses a free lower border, which is gently cuned The 
tnfenor mealat lies under cover of the inferior oincha and extends ddwmvan!^ to ih- 
floor of the nasal cavity. It is the largest of the three meatuses and extcndralmolt 
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the iintir<2 lengtJi of the iniirnJ wall of the nose- The inferior meatus is deepest nt 
the junetJon of its ante nor and rniddle thirds^ and In this situation it present# the 
lower oritice of the nasukerimal canaL 

The middk and jw^mor couchtt arc projections from the media! surface of the 
ethmoidal LibyHntli. l^he middle concfiu is much the Earger and extends backw^ards 
ID articulate w'ilh the pt^rpcndicuSur plate of the palatine bone. The miiMU tne^itus 
is placed bchYcen the middle and inferior eonchae. Its lateral wall display's several 
important features which can be examined ^>nly after the removal of the middle 
eoncha (fig. 317). Its upper part is occupied by a rounded elevation, termed the 
ethmoidal bulla, which contains the middle cthmoiilal cellules. Below and in front 


F]U. 31’/+—ThI^ laictal will the trft kiHwI Cavity^ With un iTTrffiiljiriy fthaptfd portian 

removed from the Icm'cr part of the middle oupchB. 
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of the bulla a thin, curv ed Idtninu of bone, named t he uucimfr process of the eflmmd, 
passes downw^ards and backwards, cre^sstng the large bony orifice of the maxi 1 l 3 r>' 
sinus. The curved gap (fig. 317) which intemmes between this process and the 
cihnrwinthil bulla is termed the ethmoidal hiuim in the bony shulh At its upper end h 
becomes continuous with the rthttioidal infmdiltuium^ a shorty eurved canal which 
receiver the opcrnLngs of the anterior elbinoidal cellules and then leads upwards 
through the bbyrintli into the fminlal sinus. In go per cent of skulls, however^ the 
infundibulum ends blindly and the frontal sinus then opens directly into the upper 
and unierior part of the middle mtutit#. The middle ethmoidal cellules open abovc» 
urncar, the bulla- 

TIjc supmor eonclui h a small curved lamina wtiicli lies aboii-^; and bcliind the 
middle concha. It roofs in the supmor meatus, which la much the shortest and 
shallowest of the three meatuses ; it receives the operting of the posterior ethmoidal 
Cellules. Immediately behind the superior meatus the sphenopalatine foramen, 
w‘hich opens into the ptcrv^gopalatinc fossta, pierces the lateral wall of the nasal 
ca vity. jV narrow interval , Termed the tpheno^ihmciditl recess,, separates the superior 
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concha from ihc anterior surface of iht body of the ^phenoidp throngh ^vhich the 
spheaoidaj »mu 3 opena into the imsal cavity/ 

The Knterior Da&a] apenure has been described on p- 371. 

The posterior msaJ apertures, or choanie are separated from each ocht r by 
the posterior border of the vomern They arc bounded helouv on each sidcp bv the 
posterior border of the horizontal plate of the palatine bone, above by the base of 
the skull; and laterally, on each aide, by the medial pterygoid plate. 

Parci cular feature*,—The anierior slopinit part of the roof (316) is formed by 
the naaal bone and the rta^al spine of tlie frontal bone. In onitjition to the numettiuA 
small fonmma for the tronsnii^iDn of the olfadary ncoes. the hiprizontal part of die 
roof pr^ents a sepamte foron^en, situated anteriorJyp which gives passi^ce to the 
antenor ethmoidjil nerve and vesaeU- The posterior sloping part of (he roof is formed 
above by the anterior aspect of the body of the sphenoid, xvith which the sphenoidal 
concha (p. 318) h fuged, and below by the ak of ihc v<imer and the sphenoidal process 
of the palatine bone. 

The floor {fign 316) is crossed at rhe junction of its middle and posterior thirds by 
the p^latomn^illary lututr. Close to the Jircdism plane Dptcriorly it ig pierced by the 

FiCi. }A sdRittal socUort through the lowcf part of the ^skuUt glightly lo the kfr 

ihe medmn plane. 



incUive candl {p. 345), Both incisive canals open into ihe incisive W-. 1 

palate and they Inverse 1 he line of union of os incisit um (pr^tu^ilk) 

"“i. 1 » Pnm-<tvr cor^^nicatinn between the nunith sSthr n^c 

Al the upper *nd lower bondtrs of the medial wall tfifi nth<"r 
addiiiot. to the votfler and pripcnditular Plate of the cthmo^.^m^c ^mdr 
tnbutions to the septum, nnd in fToni. tJie nasal bunes and thr^.^T 

the fionial bone, aly>ve «nd behind, the rwinjn, and 

the niiiinl crests of the mfljcillie and pilatioe bones yll tqhe »nall^parti in fr' ^ ' 

•IS. »».. . p.„vrf by .1.. »,l„y “ ?wS 

to rescb the incistve canal. Tonsaros 

The lutitrul wall (hgs. Jj 6, 317) is forrued anteriorly and aho.i> hv tk 1 . 
and the frontal procees of the nini;||Ja. Uehtnd the frontal process of ih ^ ^i 1 

.njcuUbn, »hh i» p«.rmr,r b.rj.,, .W berimj bU V:'' 

™i*a. .„d b,.b.,v wi.b ,1, i„h™i p™. 
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These t^vo bones fomi the medial wall of the oasotacrimal canal 317)^ ^vkicli con-* 
veVH the nasolacriinu! duct to the inferior meaCkw, Eo^feriorly the lacrimal hone 
articulates svith the ethmoidal labyrinth and helps to close aomc of the ethmoidal 
uellkilci^- 'rhe uniinairprmsM 0/ thf efhmfffd spriuKS from this part of the labyrinth and 
curves downwards and bdcks^'arda in the lateral wall uf the middle meatus. U is a 
vtry thin and fraiijilc prfKCSs, alKmt 3 imri. wide, which cur^'cs across the maxillary 
hiatus and artictilatea lirar its extremity with the ethmoidal pnjccss of the inferior 
conehsL. The eonciive, postsritir Ix^rder of the process is free and forms the medial 
cd^c of the eihrnnjdal hiatus (hiatus semilunaria) : the ntnvex anterior border is free 
in iti upper pari onljr, Oivin^j to Its position relative to the maxill 4 ir>' hiatus the 
uncinate process helps 10 form the ntediul wall of the moxilian’ smus. 'Fhe mtixiliary 
limtui, which farirtti such conspicuous npeninj^ on the nasal surface of the maxhla 
(fig. 2^3)^ reduced in size very conaklerably by the neighbouring hones, [li tower 
pan is covered hy the inferior concha and its m=ueiltar>' prEictss } aht^ve tht inferior 
concha the uncinate process of the ethmoid, as already stated, encroaches on ihe jjiip. 
PcMtcrinrly the anterior pan of rhe perpendicular plate of the paEarinc hone closes ii in 
still further* and above and in from sriiaJI portions of the ethmoidjiE bbyrinth and the 
lacrimal hsme oscrlap its maf>iins (fig, 364.). As a result, rhe mtisillary hiatus is re¬ 
duced sometimea to a si ingle orifice in the door of the posterior part of the hiatus 
semilunaris, allhoum^h ag n rule additional npenimts exist behind the uncinate process, 
find lietweeii iis lower border nod ihe upper border of the inferior concha. I'he hiilta 
is very \ ariable in its size and shape and may be fused with the upper pait 
of the uncinate pmceiUi. In that event the duct of the frontal sinui opens into the up^ 
per pan of the middle meatus medial to rhe blind cud of the infundibulum, A ihird 
concha mpnrmit) is often prc^ctic on the medial surface of the ethmoidal laby¬ 

rinth hImivc unti behind the |Ms^terior end of the superior concha : it is little mort: 
than a slight ridge, separated from the superior concha by a shsElow deprei^sion. I'hc 
tp/inwpo/rtriii*'/orow*'#f (fig. ji6) lies st the posterior limit nf the superior me-iitus. It 
transn^its the spheimpabiine nnery atad the nasopalatine and superior nasal nen'es 
front the pterygopalatine fossa. The fnntmcn ifl tnumded above by the Ixjdy of dtc 
sphenoid and the Sphenoidal concha ; E>clciVV by ihc norched upper tMjrdcr of I he 
perpendicular plate of the palsTine hone, and m fmnl and behind by its orbital and 
sphL'iiuidal processes rcspcctivuly. 


rilK M,ANPIWLE L.\JANt>lHC.iLAj (hgs. 31^, 340) 

I'he mandiblop which is die; larj^cst and strongest bone of the facc^ Inis a ciir%'ed, 
hori^>ntctl which ia convex Forwards, and two broatl tvbich project 

upwards from the posterior ends of the body. 

The body of the m.indiblc is curv'cd like a horseshoe, and possesses an external 
and an internal surface^ separated [>y upper and lower bnrdcrs. The txifrfud 
xurfuce is marked in the Upper pan of the median plane by a faint ridge^ often 
indistinguishable, which indicates the line of fusion of the hvo halves of the hutal 
bone (symph^’sis menti). lnferiE>rly the ridge divides to cticEose a iriungular raised 
area, termed the profuhtrance, the buioJ of which is depressed in the centre 

but raised on each aide to form the mrttlal Suhercitf. Below- the interval iKrtw ecn the 
tw^o prcinolar teeth, or below the second premolar, the motiat/yruxnsfi, which gives 
exit to the mental nerve and v-e^Es, opens on the surface, A faint ridge, termed the 
abhqUf^ runs upwards and backwards from the mental tubercle, ta become salient 

behind, wheft it is continuQua witli the anterior border of the ramus. 

The losvtr tH>rder of the body ia termed the fwie 0/ //le I t extends 

backwards and laterally from the s>Tnphysis mentis and becomes continuous with 
the lower lK>rdcr of the mmus behind the third mular tooth. Near tlie median plane 
it presents a small, roughened depression^ named the digas M's foita. Behind the di^ 
gastric Fossa the hose Is thick and rounded and presents a slight downward convexity, 
'i'he upper border of the body is formed by the alveolar parif w'hich Ls hollowed 
into sixteen sockets for the roots of the teeth. These sockets vary in $ize and depths 
and art single or subdivided by septa according to the teeth wMcl] they contain^ 
The ifUernal sur/acf is divided into two areas by an oblique ridge^ termed the 
mylohoid Unen Sharp and distinct in the region of the molar teeth, it becomes 
almost indiscernible in front. It commcncots behind the third molar tooth, not 
quite I tm. ftom the upper border of the bone, and runs fonvards and downwards 
to reach the symphysis mend in the intcnal between the two digastric fossse* 
Below the mylohyoid line the surface is slightly hollowed out and forma the sub¬ 
mandibular fossa for the lodgment of the submandibular salivary gland* The area 
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FlC. 319,—The kft half I>f the ttiindible. Lb trnil jffipfcet. 
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above the mylohyoid Unc widens as it is traced fon^tirds and presents in front a 
triangular arca^ tenned the sttbltfigua} Jossa^ whieh lodges the sublini^a] gland. 
Above the sublingual fossa and e?ctending liackwards to the third molar tooth a strip 
of the bone is dosely eovered with the imjcotis memhrafiie of the mouth. A 1 h>vc tlic 
anterior ends of the mylohvoid lines the posterior surface of the syinp]iy9is menti is 
marked by a smalt irregular elevation, which may he divisible into two or more parti^ 
termed the gtninl tvhercits^ Posteriorly, a groove, temted the ntylt^tyrnd groav^, 
extends downwards and fonvards on to the body frotn the ramus and passes below 
the posterior end of the mylohyoid line. 

The ramu^ 3 3^) of mandible is quadrilateral in shape^ and presents 

two surfaces, four bonlers and two prominent processes. The lateral mr/aee is Hal 
and marked by oblique ridges in its lower part. 'Fhc medial surface presents, a little 
above its cent re, an irregular opening, named the mandibular foramen. This open ing 
leads into the muttiiihulaT canal^ which curves down^vards and forwards into the 
body of the bf^e to open on the external surface at the menial foramen {vide infra). 
In front and on the medial side the foramen is obscured by a thin iriangutar pro¬ 
cess termed the lingala. The mylohyoid groove eomnienccs behind die lingtib and 
runs dowmwards and fonvards to reach theiniemal surface of the hodVt The part 
of the medial surface which lies behind the grcKWc is marked by u number of short 
rough ridges. The inferior border cf the ramus is continuous in front with the 
base of the mandible : behind, it meets tint posterior border at the angle of 
the mandible. Eversion of the angle is characteristic of the male mandible; 
in the female it is frequently inverted. Tfie hordtr b thin and bounds a 

wide notch, termed the matidibulor notch. It is surmounljed in front by a triangular, 
Rattened projection, termed the comnoid process, and behind by a stout, articular 
process named the coodyhit process. The posterior bordery thick and rounded, 
extends from the back of the condylar process to the angle of tlic mandible. It 
is gently curved, being convex hackw^ards above and concave below, and h 
intimiudy related to the paroiid salivary gland. 'Fhe anterior border is thin above, 
where it is continuous w ith the anterior border of the coronoid process, and thicker 
below, where it is continuou.^ vvith the oblique tine. 

The coronoid process Is a flattened triangubr projection, directed upwards and 
slightly fiirwyrdf^ in the hving subject. Its postcriot Ivufdcr bwjunds the mandibular 
notch and iis anterior border is continuous w ith the anterior tKirder of the ramujt. 
Iw margin!^ snd ^lted^a| ^urfat^ provide injicrli^in for tiWiAl of tlie fibres of the 
temporalis muscle, The condylsir process is expanded above to form the head of 
the inaudible, which is cohered wish fibm'urlilagf- It articubtes with the man¬ 
dibular fossa of the temporal Ijtinc—an articular disc intervening. It ia convex in 
all directiiPTis and iL^ ininsverse measurement h greater than its aiiTcmposterior. 
The lateral aspect nf tlie head fomts a hlunl point which prujceis beyond llie lateral 
surface of the rest of the mmtis and caff bcMt fii the living subject just in frwtt of (he 
tragus (if the uurirk. ^V’hen the mouth i® opened the head pnisses downward^ and 
hif^viirds, and ihe examining finger sinks into a small depression^ The constricted 
pnrtioTi below the head is termed the neck of the mandible- It is slightly tlattened 
from before tmekWards, and its anterior aspect is liniiieil on the lateral side by (he 
backward contiiiuation of the margin of the man^libubr notch. Medial tr* this ridge 
the anterifir Surface of the neck presents a rough muscular impression, termed the 
pterygoid pir.'fu. 

The mandlbulae canal runs from the mandibular foramen obliquely dowm- 
wards and forwariis in the ramus, and then hrjrissontally forwards in the body below 
die sockets of the teeth, with w’hieh it communicates by small openings. 11 contains 
the interior alv'c^ilar (dental) nerve and vessels, from wliieh branches enter the rtiots 
of the teeth. Between the roots of the firsi; and second premokrs, or below the root 
of the second premolar toc^tli, the rmilndihular canal divides into mental and incisive 
canals ; the inetual ontal runs upwards, buck wards and lalemlly to reach the meiital 
foramen | the incisive canal is eontbuied forwards below the ineisor teeth. 

ParlicuW features.—small shallow fossa niarks the bone below' the incisor 
teeth and gives origin lo the nientelis and a part of the crbieularia oris muscle. The 
anterior end of the uhliquc line Kives origin to the dleprcssor labii inferioris and the 
depressor angull oris imiscles- The piaty^sma is inserted into the bone below these 
muscles and cstends backwards beynnd them. The lower margin of the mental 
foramen is sharp and the mcnTal nerve Is directed upwards and b;.ickwards ad it 
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emerges fruin the bone. Adjoining the B-lvcolar border the bone is closely covered 
with the mucous fnembr^nc of the mouth. Iimiicdijiiely beloiv this iireap in the regtoo 
of the molar t«!th, the buccirmtor musolc has a linear origin» which extend^ medially 
behi nd the last molar toath to the attochmenE of the pTer>'goinandibiilar raplie, 

The mytohyoid line gives origin 10 the mylohyoid muscle. Above its. posterior 
end ihc bone gives origin to fibres of the superior constrictor muscle of the pharyTis:, 
and the pEerygomandibuJar raphe Is attached immediaiely behind the third molar 
tooth. Ilie lingual nerve garryi the tongue by passing above the posterior end of the 
mylohyoid line ^d in this situation ta closely related to the inner surface of ihc 
mandible. A strip of bone abng the alveolar border is covered by the mucous raem- 
brane^ of the mnuib, and the subLtngUBj gland lies in contsErt with" the bone pnEcriorly 
between this area and iKe mylohyoid line^ The upper fftttiai iubercUi give origin to 
the genloglo^i and the lower to the geniohyoid muscles ; both tuherclea arc placed 
above the anterior ends of the my Eoliyoid lines. The futitfmmifihtitaT fossa lodgea some 
of the subnuLtidibular lymph glands in addition to the salivary gland^ and! the facial 
artefy may come into ^ntaet with this region as it demands to curl round the base of 
the mandible, where it sometimes produces a shallow grnuve. The /ojm 

givci attachment in the anterior belly of the digasiric and lies below the nocerior end 
of the mylohyaid line. 

'l^c T^mus and tin processes pmvidc insertion for all the principal musclea of 
mastication. Its lat^ai mr/ore gives insert loti to the nuisseter muscle, except at in 
upper and poaicrior part, where it Ls covered by rhe pamtid gland. 

The medifif turfite* gives inscrtiun to the medial pterytfoid muscle at the roughened 
area which li« behind and be tow the mylohyoid groove. The mandibular foramen 
adinus the inferior alveolar nerve and vessels to the mandihubr canal. Its medial bor¬ 
der ia formed by the ifnguia, to which the lower end of the sphenomandihuhLr ligament 
attached. Posterior to the lingula the rnybhyoid nerve and vesseb enter the wiv/a^ 
hyoid greotY, whicli may be convened into a bony canEiI in a part of its extent The 
groove ™obes the body of the mandible bebw^ the posterior end of the mylohvofd 
line, and the nerve and vessels ihcjs pass on to the superficial a-spect of the mvlnhvotd 
musde, in from of thtj mylohyoid groove and Mow the lingula the In^dl■| surface of 
the ramus is rfiEaled tu the medial pterygoid muscle, but the lingua! nerve intervenes 
between the muaclc and the hone, m it runs downwards and forwards tq reach the 
tongue. The lowest fibres of insertion of the teinpumlis muscle descend beyond the 
coronnid process Sind arc attached to the itiiirrior harder oUhG ramu& ^nil rin^ 
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1 he caronQid process is oa^xred on its kterii aspect by the antedor fihr« ofilie 
mus^etcr muieic osibi:;' pass dotvnwards and backwards to belnsert(>d ,‘ntn .k. 
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nccttd with the Cjtrtilagtnou^ ear-capuleai and their ventnaJ ends arc joined to cadi 
other by nicaenchymal ties^ue. They run forwards below the condylar proceBses 
In the 95 mrti. embryo and then, bending downwards and forwards* lie in a groove 
near the low-er border of the bone (Bg- 3^2); In front of the canine teeth they in¬ 
cline upwards to the aymphyais mentis From the proximal end of each cartiLage 
the malleus and incus—-two of the three ossidcs of the middle car—are developed; 
the next succeeding portion* as far os the lingula of the mandible, disappears, 
but its sheath persists to form the sphnnomajidibular ligament. The portion 
below the tncLsor teeth is ossified and Inoorpornted with the mandible but the 
intervening portion, after persisting for a time^ Is ultiimtely absorbed. 

Each half of the bone is ossified from one centre,* widch appears near ihe 
mental foramen about the sixth week of fecial life, i.c. Just after the appearance 



¥iQr 311.—'rhe light haif of tKc mandible of a human embryo. oS nim. long. 
Lotriwl a^peet. (From n rrcomiruEikm. model by A. M. LW.) 
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of the prtmar)" centre* for ihe clavicle (p. 5 'fi 4 )+ By the tenth week ihc portion 
of Meckel's cartilage which lira below the incisor teeib is surrminded and Invade^ 
by the iiicfnhrine-bonc. Somew hat laier^ acccasorv' pieces of ciirttUge make their 
appearance—vhE+ a vvcdgc-&ha|>c:<J piece in the condylar pnxess and extending 
downwards through the ramus; 3 small patch along the anterior border of the 
eOTonoid process ; and smaller nodules else where. The condylar cartilage persists 
for mme years and is mainly rtsponstble for the gmwih in height of the ramus,f 
and for the downward and for^vard grow th of the lower part of the face. The other 
PCcessoiy pieces of cartilage undergo absorption. 'Fhc inner alveolar border is 
formed in the human mandible hy an ingrowth from the main mass of the bone. 

■ A. PnKffdbiei af lAf md Anihrupai^fiFi^itt Soaety ^ tiu Umvtrnty 

Aberdffn, ii;i05p agidj^urnai of Anally mtd Phytht^^^^, val. xliv* eind E. Fawcett, Jourmt s/ 
ihg‘ Ammcan Mtdirnf Auoantion, ScpTcmbcr 2^ ig05- 

t J, P. Wcinmnn ind Slcber, Bant and 1^7t Henry Kempton, l^ondon. 
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A Dumber df small termed rhy oiticuh mmtatia, appear in the fihroui 

lisiue of the symphysis about the sevemh month of fceial life (Itjg, 323 a). They en- 


Fig. 323,—'ITw mandible ai different pcrlodls of life^ 






iMe Md very fuse with one enother, end with the minJihle, in no order 

Unj^y two or in ni^ber. they «« rwpwsibJe for the fomintion of the t^^ 

protobemnee* Whether they ^fy in the reiruiiw of the ventnd ends of 
cambgc* or independently of them in the fibrous ti»«e of the symphysis is uL™n 
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Tnz CilA-SGES PiioDfCED IX niE Mandible by Ace 

Ai hirth {fig. 323 B) iht bone h in two separate halves united lo each other bi 
the median plane by fibrous tissue. This union is usually termed the tympftyds 
mmU\ 7'hc body of the bone is a mere shell, enclosing the sockets of the deciduous 
teeth, imperfectly partitioned off from one another, 't'he mandibular canal runs 
near the lower Ix^rdtr of the bone^ and the mental foramen opens below the socket 
of the rim deciduous molar tooth. The coronoid process is relatively large and 
projects above the level of the condyle. 

Aftrrbirfh (rig. 3 23 ^ Op early in third year: n^ sisith year] the two halves of the bone 
become joined at the symphv’sis from below upwardSp in the first year; but a trace of 
separation may still be ™ibie in the iK-ginning of the second year, near the alveolar 
margin. The body elongates, but mure espedaDy behind the tJiental foramen^ to 
provide space for the three additiond teeth dcveluped in this parr. The depth of the 
body increases ; growth of the alveolar part of the bone affords room for tlie roots of 
the iccth> and tlic subolveolar portion becomes thicker and deeper. After the second 
dentition tlic nmndibiilor canal is situated a little above the level of the mylohyoid 
linCp and the mental foramen occupies the position usual to it in the adult As the 
mandible increases in si 7 jc, bone is laid down along the posterior borders of the 
ramu^ and the coronoid procesSj while at the same time absorption of bone b 
occurring along their anterior borders. This process of remodelling goes on con¬ 
tinuously until the bone has reached its adult siKep and it enables the dvcolor part to 
lengthen .sufficiently to provide the necessary space for tlic permanent molar teeth. 

In thr iidtilf (fig. 323, e) the alveolar and suhalveolar portions of the body arc of 
about equal depth. The mental fomnen opens midway between the upper and 
lower borders of the bone, and the mandibular canal runs nearly patallel with the 
mylohyoid Imt. The angle subtended by the lower border of the body of the 
n^andible to a plane surface wriiich toudies the posterior surface^ of the condyle 
above and tJie posterior border of the ramus below% necessarily diminishes as the 
height of the ramus increases with agCp but X-ray photographs of the same child at 
different ages * show that the contour of the angle of the n^andible remains un¬ 
altered. 

In ofd agf (fig. 323 t) the bone ia reduced in sisEC. Following the loss of the teeth 
the alveolar part is absorbed, and consei^ucntly the mandibular canal and the mental 
foramen arc close to the alveolar border. The r^mus is oblique in direction, the 
angle measures about 140'-^ and the neck of the n™dib!e is more or less bent back- 
w^ards.t The process of absorption affects chiefly the thinner of the two alveolar 
walls andp after its completion^ a linear rtdge is found on the alveolar border 

of the Iranc. In the mandible the labial wall Is the thinner in the incist>r and conitie 
regions, but it is the lingual wall which Is the weaktr In the molar region. The 
alveolar ridge lies therefore within the line of the teeth in the incisor region but lies 
outside that line in the molar region, forming a curve w hich is wider than the cunx 
of the liTie of the ttcih and imersects it m each side in the prcmoloj tegitui. In the 
mnxitht, fbt Itjhmi kuH h n'rrytf?hm l/ir ihiantf and, after ahiarpfian, ihf 

alveolar fiet tidiolh Kifhia atne of the line of the teeth. 


THE HYt3lD BONE [OS HVOIDEUMJ 

The hyoid bone {fig. 324) is U-shaped and js suspended from the lipLi of the 
scybid processes of the temporal bones by the stylohyoid ligaments. It has a body, 
two greater and two lesser cornua. 

'Vhe body or middle part of the liquid bone is of a quadKIatcral form. Its 
firmer surface is convex and directed forwards and upwards. Ita upper part is 
crossed by a well-marked ridge, which has a slight downward convc?tity, and in 
many cases a vertical median ridge divides the body into lateral halves. I'hc portion 
of the vertical ridge above the transverse line ia present in the majority of specimens, 
but that below the transveise line is rarely seen, llie pmferior surface is smooth, 

• A. Cf. BnKlk, Amer. J. AttaS., 11^41. 

i Sir Arthur Keith and li. O. CampLtnl+ Deniat Rr&fVdf 1022 ; .-Arthur 'J’liOmflun, DetHat 
Record, 1924 ; and lecture* cm The Grcftsth of thr Jaier, by FflWCell, Brush, XoTthcrcjfl and 
Keith. Publtahed the Den«.l Iknard of the United KinRidoni, 1^34. 
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concat'e, directed baclnvarib and downwards, and separated from the epiglottis by 
the thyrohyoid membrane and a quantity of loose areolar tissue ; a bursa intervenes 
betui'ecn the bone and the membrane. In early life the iateral extremitia of Ute 
body arc connected to the greater cornua by primary cartilaginous Joints, but after 
middle life titey are usually united by bone. 

The greater cornua of the hyoid bone project backwards from the lateral limits 
of the body ; they are fattened from above downwards and diminisli in size from 
before backw ards. Each cornu ends posteriorly in a tubercle. When the throat is 
gripped iK-tween finger and thumb just above the thyroid cartilage, the E«ater 
cornua can be felt in the living subject and the bone can be movxd from side to side. 

The lesser cornua of the hyoid Ijonc arc nvo small, conical eminences attached 
by their bases at the angle of junction of the body and greater cornua. Thev are 
connected to the body of the hone by filirous tissue and occasionally to the greater 
oomua by synovial joints, which usually persist throughoiu life, h'ui (H-casionallv 
l>t<*iTid ajijLyio^d. 

Parti™lar features.—llic anUni^r sm/oft fif tlii.- body m tlie 

ffcntohyoiil muin^le in the grentdr part o£ m extern tKjth abkjvc :md bclaw the trans- 
vcisc ndge ; a portion nf the origm af the hyogidssuB mtiKelc mvadei tlic Jatcfnl itiarHin 
of tile tfcnmhyvni area {fig. The kiwer part of this &Auf»c^ giveii insertion h> the 


Fin. 3iL4_—Ttic: hyoid hfme. Ante™* 
nupvtriof Aspect. 



J2S.—A drawing of ih« |?fi ltaXi of 
tile hyoiij iKFEie to ithoiiY thif Tnuseular 
AttAClimcnfft. Vir\Lrdfn>Eii hImvc. 
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niyloliyoid muscle, and below that to the sternohyoid medially and rfic oniolwnid 
laterally. 1 he f/^ior tiarder of the body is munded and mves oitactuneni to the 
lowest fibres nf the semojftossu lo the hyo^cpiglottic ligament atiU to the ihvrohvoid 
membrane. The wfenor border mves insertion to the stcmohvotd mediailv and ih^ 
^ohyoid laterally, and sometimes 10 the medini fibres of the thyfnbyoid tnuorb- 
It ijives nttsebment also to die levator itlanduts th)m:oidft*, uben present 

The upper iurfttrr of the greater cornu gives origin to the middle cunstiietor of die 
phai^fixand. more lateraUy,iotbe hyi)«bssu8 musele.botb of which esrend through! 
out Its whole leoBtb. Ivcar the junction of die eomu with the btjdy the srelohvoiri 
musde tt inserted lateral to the byog ossus muscle, and a little poaterior to thi* in^l 
tion the hbmu^p thmugh which the tendon of the digastric muscle runs is attaeS 
to the bone. The medial border otiacbnient to the thyTwhvoid membrane ■ 
lateral bonier recei%>c», anteriorly, the insenion of the thvmhyoid muscle 'Th 
inferior surface, which is oblique, is separated from the thyrohyoid niemhranP hi 
Mnic? fibrn-arcplsr tu^uc. ^ 

'I^e posterior and lateral aspect of die l^er comu give oriHin to fibres of the 
middle constnetor muscle of tite pha^x. Its apes giixs attachment to the s vl^ 
hy^id ligament, which is often ossified m part. The niediaJ aspect of its base iriv« 
ongin to the chrandrogtossus inujicle. 

OsstJicadoo.—’JTic hyoid bone is devclopc d fmm the cartilage* of the second an,? 
third visceral arches—the lesser cornua from the second, the greater eormiH fmm ,k 
third, and the body fmm the fused ventral end* of both (p ft " 

SIX centre*: a pair for the b^y, and o^ for each eomu. Ossification comrmniTb 
the greater cornua i^aftls the end of iniramcnne life, in the bodv before or Tl^rt v 
after birth, and tn the lesser eomua daring die firat or second year, nr later. ^ 





The occipital bone 326-328)^ sltioaEctl at the poeteiifijr and inferior part of ihc 
cranium^ h irapezoid In ^\mpc and concave forwards, [t encloses a (nr^c ovaJ opening, 
tcmicd the foramen iJiroiigh whida the cranial cavit)- comniunii:atca \iith the 

vertebral canah The expanded plate above and behind thi* fommejn is named 
the n^tmmaui pari ; the tUek, &umewhai qaadrilaUTal pieci? in fmnt of it is called the 
hfm/nr part ; that un each side uf the foramen is nameil the hteral icofidyiar) part. 

The squacnoiis part tjf the dccipUdI bone, situated above and behind ihc foramen 
tfiaanum^ is cunrcd from above do^vnwartis and from side lo side. 


Fio. jztj,—The occipital bone, ]^>sierior atpert. 

'riae ctiod^^lar coiifll wms prcficin an the left ilde only in ihw specimen. 
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I'hc external mr/aet is convex and presenfea, midway between the SLiinmit of the 
bone and ihc foramen mannuTn, a prominence termed the extmNit oceipftai prahi^- 
anec. On each sid^ rHvo curved lines, one a little above the other, extend LuEejnlly from 
this bony prom:inen«. The upper line* faintly marked and often absent, li named the 
highest mtchal and to it the galea Hponcuroiioi (epkniniRl aponcun^ia) is attnehedi 
T’he lower line is tenned the itipertor nnehaf llfte. The part of ihc c^xtemol surface 
above the highest nuchal line* is KrOfwthp and covered with the cKxIpit^l helly rrf the 
occipitofrontalis Tmjsdc+ The part below the highest nuchal lines is tough and 
irrcinilar for the attachment of several itiusclcs. From the external occipital protu¬ 
berance a ridgct termed the external vedpitai ttest^ €jften fslntly marked, dcscencia to 
the foramen magnum^ and afFords attachment to the ligamentum nuchas ; on ^eh 
aide the m/enor ftuchal line runs laterally from ihc midpe:^int of the crest. The areas 
of muscLilar atTuehmcnia are clearly shown in hg. 3^7. ^fhe pijsierior □tlanlo-<>ccipita| 
membrane is attached around the fjcistcrulatcrat part of the fonimtn maipiiijm. im- 
mediately oufsidc the mergin of the foramen. 

The internal surface of the ^tiamoui part is deeply concave, and is divided into 
four fossEe by an irregular tlev'ation, termed the irtternal oedpitai profaheranet, 'Phe 
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upfwr two fosaas arc imneulctr^ and Jodgc ttpc [iMiteriar jjattians of die oedpital lobes of 
the terebrum ; the lower two are tjuadrili&leml juid suppart the hemisplieitra of the 
cerebellum. A wide gtopve, witli raised cd^, c^rtends upwards from the pmtuber- 
imee to the superior angle of ihc bone : it lodges the hinder part of the superior 
sanrittal sinus and is termed the sitgitiiil miau ; to the mai|;ou of this sulctia the 
posterior part of the fuli cerebri is attached. A protnioent ridge, named ihe mlfrnal 
ocripfm/ €Tiit, runs do%vnwards and forwards froin the prombemnee ; it gives attach¬ 
ment to the cerebelli, and bifureates ncitr the foramen mogrtum - the occipital 
Sinus, which is somcrimes duplicated, lies in the attached margin of the falx- At the 
lower part of the internal occipital crest a small depression is sometimes dtslii^ishohle; 
it is often termed the firmmn/osm, since it is e^tcupied by part of the Infcripr varmis 

Fic, 337.^—The eecipiul bone. Inferior a&prct ^ 

Drawn from the same specimen as fig, 326. 
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of the ttnrlwllum. On each side a wide «iJcm extends latrntllv £n,tn th^ 

miemal occipit^ protoferance : these suki accommodate the traiwvexs?!inul^ 
their margins pw atlachtnent to the temorium eenrbclli. The riEht trffln-v, 'i 
is usually largertlian the left and is tominuuLUi with the sagittal sukus ■ klJ ih f 
^ lanter t^n the ri^t. or the two may be almoHt equal h^izc. The 
/faert« o/fA^rutse, .a mdicated byadepressien on one or other side ofT 

rhe wAmor of the squamous part articulates with the <K;eipital anElM^: 

t^rresponds in pus,turn with the fimirrior /wttaWe of ht Lt^U 
Shull, The fatrral irngUi are at the ends of the transverse sulci ; «ch k reLkL ' ? 
the mierval betw’ccn the parjclal bone and the maitoid part of the trir^ 1 1"’*“ 
The lanfbfftd borJrrs extend from the superior lu the laicnd ajiHles thelTJ^*^ 
for artkuktiim with the occipital borders of the parietal bones and Ihv 
form the lambdoid suti^. 'Fhc wasroW Wen extend fmm the'late ml LS^ 
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l‘hc basilar pan cif ibc occipital bone «tcncla fonvands and upwards from the 
fommen rru^^num^ and presenta mnlfrioriy a cut surfa4:e^ more or less quadribtenil in 
«hflpe. [n the yoimg skull this surface is rough and uneven and b joined cu the body 
of ihc sphenoid bone by a plate of c^rtila^c. By the ttA-etity-fiflJi year this plate of 
caitiJoge lias undertone ossiHeation and the ooclpkol and sphenoid bones are fused. 

On fhc ffijfrwr fur/tf« of the basilar part, about i citih in front of the fcmroiui 
ms^niun^ a small elcvatian^ temted the gives attachment to the 

fibrous raphe of the pharyn^t. The longus capitis ia inserted into the bone lateral to 
the pharyngeal tubercle* and the rectus capitis anterior into a small depression in front 
of the occipital condyle. Tlie anterior margin of the foramen magnuin gives attach* 
men! to the anterior atbnto-occipital membrane. 

The wpfriijr tnr/uce of the basilar part consists of a broad, shallovk^ grrujee, tettued 
the divutf which inclines upwards and fonvards fmm the antenor border of the 
forornen ma|,numt; it supports the medulla oblungats and the lower part of the pew. 
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and near ihe rmrfriii of die fnmnien gives attacbmem to the membrana zeutuna and 
the apical ligamcnT. On the Ictteral margins of tliis surface the in/triortuid are 
occupied by the inferior petrosal iinuses, and below each of these sukJ the lateral manljiii 
of the basilar part h rough for articulatinn with the petrous part of (he tempo nil bunr. 

'Ilic lateral (wndylar) pam of the occipLtaJ bone ore situated at the stdes of the 
foramen magnum l on their in/cri&r turfmes the otdplial icfjdylft foim rvso oval 
processes for articulation wfth the superior facets of the atlas vertebra. They ate oval 
or reliifnrm in shape, with their long axes running fonvards and medially^ so that 
their anterior ends ate closer together than their pcisieHdr and encroach on the basilar 
portion of the l^nc ; the posterior ends extend back to tfie k%d of the middk of the 
foramen magnum. I'he articular surfaces of the condyles are rtsns'^f* from befute 
biickward!» and from side to side ; they face downwards and laterally, sind arc occa¬ 
sionally constricted near their centres. On the media! aide of each a rough impression 
or tubercle gives attachment to the oIut ligomcnl. Above the anterior part of 
each condyle the bone presents the hyppgiojiaS cow^i/, which begins on the cmoinl 
surface of the bone a short distance above the anterior part of the fonunen magnum^ 
and is directed laterally and fortvards. It may he partially or completely divided into 
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two by n ^picuEr ijf bone ; it i^ivorii c^ii ip the b^'pu^lctssel nc-rv'c, aesd eninuicc to a 
meninffcal brsin^ of the ^endm^ pharynucaj artery. A depre^ion, termed the 
tonJymr /ojjej^ lies behind the condyle and receives rhe posterior rn^mffjt of the 
coiTMpoodinsf aiiperior fucei of the alias when the bead ia bent backwards ; the floor 
oF tbis Ffvssa is asotnemnes perforated by rhe4'awdy/crrf4iwfl^, through which an entissary 
veil! pASSL^ frejm ihe sigmoid amus. I'hc jt^grdttr prrHm extends laterally from 
the p^tertor half of the coiidytc. Ft is a quadrilateral plate of bone^ indcnied in 
from by th^Juffiifur mlch, w'hi^t in the ardcuEaud akulh forms die posterior part of 
the jugular fommcri. TE\e juiicular notch is sometimes dividud into two bv a btmv 
spicule lumicd the miTnJusutur pracfji, which projecta Forivnrds and laterally. The 
under siirficc of the juj^lar process is rough nnd givea attachnieni to rhe tectus 
capitis lateralis ; from this SLirface an eminence lermed the prater, some- 

limes pmjcct5 dowowaids, wrni may be of tufBclent length to articulate with the 
mute verse of the aitas. i.atcrally ihc jugular process presents a fouRh 

quudnlaientl or triangular area wdijcb is joined to the jugukr surTacc of the temporal 
hone by a plate of cartilage; oftcr the itge of twcniy-bvc this pbtc tent!* Ui os 5 if>. 

C>n the tiifH'fUtt lUTpirr of the n^ondylar part hi oval eminence, termed the/arT/W 
tuhrrch, oi'LThcs the byponlussal ctmal ; ita posterior part often presents a shalkwv 

furrow for the glossopharyngUid,, 
vagus, and acccitMoty nerves. On the 
superior surface of ibe jugular process 
A deep groove cun e .1 medially and for¬ 
wards around an upwardly directed, 
honk-shajied pivjcess and ends at the 
Jugular niiteh j it i+Kltti's the lerminaJ 
part of the signiiiid sinus. Close to 
the niEdial end of the groove the 
CQildylar canal opens iuto the pos- 

J - pan lerifjr emnial fossa. 

Tlic foramen magnum in a large oval 
opening with its long dianieicr in the 
t . y Tttt. foninien wider 

IL/ ■“ thiin ,n Wt, where ii ,.,1. 

^ W upon by the HStcipital cun- 

dylw, n l^struaurrs which innin,. 

■ pnrt ttuLs art enumerated on n. aSu 

S<ruei,ire.^The oeeipitd.Lkc :ht 
other cnuigjil begnes, ccnitists «f two 
cwnpaei liiiwlla;. willed the pH/er 
trinfr plulfi, between which thtfe it 
9f»nfy4ubsianccor ihc ijt,,,,, 

IS ihjck at the rid«es, pTOtuberaticts 

and C<andy|c3, and at ihe anterior por- 
non of ^ilat pan | in the fower 
of the inferior fossa; it i, 
tl^^ciiij.trBn»paregii. and devoid of 

'z ± >• 

of the med,^ plane about the se^nd inonth of intrauterine iife?’'ihi^nart''Sv^‘‘'' 
mam separate ihtuog#ly>ui life, and >a then known » the ^ 

of the owipital bone « preforaied in cartiloKe. Below' the highest rm=h;.l li 
^quammii part ts frnxn twf> centres, which appt^ar Jihoifi ih! ™ ^ I 

Portions uf the J^quanvous pan takes nlacc in the third tnnnfk ' * ^PP^J and lower 

Up. .f «. 1..%:.,™ J"!. .iC SlrS"!-'"'! 

cen^^app.^,, ,n the posterior matipn of the foramen msffnSm abriutlhe'^i^’^.'J 
w'eck (Kerckring); n unites with tlie rest of the squamcgiis oan W 'c ‘wteenth 
of the lateral parts ossiBcs from a «nale cJgtr^^S 
week of intrauterine life. The basikr^ portion Is oMlfiedTroin 
ai^am about the stieih week of intrauterine life. About the end of 
the squamous part unites with the lateral portions, and lw the 
^ne consists of as,Between the eiKhtecnth and ^enLfifS 

occipitsl and Kphcnoid unite ro form u single btine, nirn 
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The Spiu-noid Bone 

The sphenoid bone tP j 3 «) it »ilunted at tlgebase of theskuU, 


the temporal bones ami the basilar part of the occipital buiic. 
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m shape ,t resembles a 
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fjsl Aviih winK^ DutstTctchcd, and consiiits a central portion or body, two gTi?nli.T and 
two Eesaor wings,, wKiirb pass laxeritUy Fmm t|ic sidt^ oC the bodv% and ti.vo pterygoid 
procesMra, which are directed downwards fnen the adjoining parts of the body and 
greuter wings. 

The body of the sphenoid borLe is more or less cubical in shape: it contains two 
hiriEe uir-sinuacS^ which arc separated frofn each other by a septumr 

The iiTfimitt or mpiTiar tja'/act of the iHsdy E6g- 3JO) articulEirLS in frunr with the 
cribriform plate of the ethmoid bone. Anteriorly the surface is smooth nmi is termed 
thc/w^m ^phmoidnU \ it suppom the posterior cods of rhe g> ri recti and the olfactory 
tracts^ ll is bounded behind by a ridge^ which forms the anterior border of a trans¬ 
verse groove^ tcrmecl the opltc ; diis sulcus leads laterally to the optic ennai 

-on cscli side# Posterior to the jirocivc ihctc is s Tnorc or leas oval elevation^ termed the 
iiibermium sfUtr ; and behind this a deep depression, termed the fdla turcica^ the 
deepest part of which Icxigirs the hypophysis cerebri and is known as the hyp^phys^ai 
fosia. The anrerioc boundstry of the sells lumica is complcled laterally by two small 
eminences* called the mfddlf tltmid proc^stex^ whilst the posterior boundari,^ is formed 
by a square ptsle of bone, termed the dorfum ; the iiitperior anglej^ of this plate 
end in two tuberck-s, termed the pasirrtor iSimid proe^ttts^ w'hicli varj^ considerably in 
form tmd size and give attachment to the fixed margin of the tontoriutn ccrebelli. On 
each side of the body bcimv the dotsuen sellie a small projection articulcites with the 
apex of the petrous portion of the lemporal bone and is often termed the ptiT&tal 
proceH, 


Fie. 330.—^'ITw sphenoiti bone. Superior surFace. 
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'Hie sloping area behind the dorsum sella? is termed the r/iV-Hj. and is unintcr- 
mptcdly conrinuaus with the clivus uf the occipital b(?ne in the adult skull ; it supports 
the upper part of the pijtis. 

*l'hc laical surjaett cf the body are united with the greater wings and with the 
medial pterygoid plates. Above the attachment of each wing a broad groove, temted 
the carotid tutcus^ fonns a curve somvwliai like the Italic letter/ \ it lodges the internal 
carotid artery' and the cavernous sintts. The carotid sukua is deepest at its posterior 
end^ where h is overhung medially by ihc petrosal pmccss, and is limited latcmlly by 
a flharp margin cnJlcd the itffguiiM ; the latter ts continued backw^srds to overhe the 
posterior opening of the pietygoid canal. 

The aititri/fT surface of the body (fig, 332} presents, in the meduin plane^ u tri¬ 
angular creat, which fomis a small part of the septum of the nose and is termed the 
ipJicnoidaf errst. The anterior border of ihis crest articulates with the perpendiculitr 
plate of the ethmoid bone. On cither side of the crest a rounded opening leads mlo 
the corresponding tphenoidal rtnui. The aphcnoidal sinuses are two large, Irrri^kr 
cavities in the body of the bone, separnted from each nihcr by a bony septum which is 
commonly bent to one side or the ctlter. They vary considerably in form and size,* 

* Login 'rumer (Tht Afc&sory Simm qJ thf Nm, ii>eij gives the following meASii;re+ 
nwnl* for an aduU sphencadal iiniu of iVEtagc rirc : hriglii, a cm*: breadth* t-S cm,; 
intcmposlcHor depth, cm. Onodi ( 7 V« Aircaofy of thf S^OSf in Childm, l^lt) 

EtiEcs that in the newr-boni infant their height h 4 mm. and theSf width i mm., while at the 
ciuhth ytftr of life thrit height is from to tJ mm. and their width 11 mm. 
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*re seldom symmetrical, and arp often partiitlly subdivided bv bony lamina? 
th o' extend from one or other sinus into the irteacer win^; and linjfuig ■** 

3 ^ SSw^S'f.!” w .nd 

sinL1& bv whij'b it^ ^ ^ ul a roMnd optnmg u left tn rhe zuiLciior wsU of cuffJi 

of the sphcnoidiiJ siniu* " ^ ^ ^Pierced by the orificcr 

tvfm^^^^^r^^rrourtm in^ih^'mkLd^iri " tnanguJar spine, 

a ^p fissure bpiwpcn the anterior ports of the alia of ihc vomei^^Th 
tnanjjular parts of the sphenoidal conch® extend ba^arfa nn th 

»d ,dd. .h, d. of d.0 vo». ss‘S: 3 foitv:»„t*''rs 


Fjc. 331 .— The sphenoid hone. Pwteritif «pecf, 
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^ Spi^^. 

hatUHiu, 


rostrum* mid imnicdjsiely behind the aoca: of th^ 1 i 

named the vagiiwt protm, projects mediaUy from I"™'"*, 

plotc (bg. 33S). r rum int baae of the medial pterygoid 

The gTMter twinga are two strong processes whieh 
the Sides of the body. The posterior pun of etch loknilly 

(figJSrKnfli^b^the''sK^iiqS^^ pan 

middle fossa of the of the 

with the conraliitKifis of tlte anterior part of the temo^ iJLf 

«.temmcd alpar,ihe/oro;t,e«rer„»d™^ brain. At 

and lateral to thts foramen tht/^amt» oro/r tra^its 

accessory' meomgcal ancry, and sitmeiimes the ’he 

foramen ^tna[\ apL-rture, rcmiL^d iHl- miissarv /I to rhe 

tite scaphoid fossa and iransmtu a small vein fmm the cavernaus 

• y, Z. Cppe {Jourmtl of AttaHimy and PfmMoev vol II nn^ " \ t 
btend te^as in 73 out of ao* sinme* ci^mined. md^ir,,Ht “ w-ell,mark«i 

the ttnienor putt of the imemol camtid artery, the o^dc a^ ™hypophysis ee«b^l 
of .he Pterygoid eanal may give rin: m eleva?b„TiX w^U^dl;?! ^ 

on Ihe tiHHlial aid^f the forsme^pin^til!'”'^^ “ *P« 0 ial canal (ranati^n/ut imtumiitahai 
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In the po^ietior niiEerT^mediiil lo ihc spim, thcti: is s ^hort cnnetl, tcmfreiJ ihe 

Joranii'ti spinosum, uhich transmits tlif middle meningeal ancr>^ and the meningeal 
limneh qF the m&ndibniar ner^e (nerirus spintMua) {ftr ah^ pp. and 2^js)« 

The of the greater wing (fig. 306) is tnneex fmin abnve do^tmvvjLrdsH 

and IS divided by a tninsverM ridge, termed the iufrai^ipoml ertst^ Into an upper or 
tempo raJ and a hswer or infratemporal surface. The temporfit utr/a^, conceive frutn 
before baekwards^ fortna a puriion of the tempora] fo^su und give^ origin to a part of 
I he tempo ralii musole. The in/ratempoml iurfa^e is concave and directed downward^ ; 
together with the infratemporal crest. It givtis urigin to the upper htfatl of the liitenil 
pterygoid muscle. 11 is pierced by the/oniwjcfj ovul^f and fpint^um, and its 
pHn^tcnoT pan bears the fpit 7 f 0/ l/W' sphe$mit bone (p. 3S5). which forms a sntaLI^ 
sonietlmes poEnted process^ projecting downwards. Its medial sida is ustially madded 
by a faint groove-p directed dthwnvvartia and forwards, for the chorda tvmpani neri'c 
(p. TI iS)^ and helps to fonri the kicnil wall of the sukos for ihe auditory tube {p. 385), 
lis up gives srtiiclunvent to the sphenomaiidlbjtar tigament. Medial to the anterior 
extremirv- of the infratemporal cnsi a triangular process serves to increase the attach¬ 
ment of the latcnti pterygoid munclc. A ridge runs dowTiwards and medially from 
this irianguljir pmcesi to die front of die taienii pterygoid plate ; i t furms the posterior 
boundary^ of the pterygopalatine fissure. 

The ijritjtai xifrfoft of the greater wing (fig* J3^}. In shape, is directed 

forwards and medially atid forms ihe posterior part of the laterfd wall of the orbit. Its 
upper, serrated edge urticulatcs with the orbital plate t>f the frontal bone ; its laterah 
serrated margin with the ayguntatlc bone- Its inferior stntKith border Forms the 
posterolateral boiindury of the inferior orbital fissure. Its medial sharp margin con¬ 
stitutes the lower, or latcrah boundary of ihe superior orbital hssuTc, and from it a 
small bihetde pmjeiTLS and gives attachment to part of the anulus tendincas com¬ 
munis^ fmni which the rectus muscles of the eyeball lake origin. Below the medial 
tfnd tif the superior orbital fissun? then: is a grooved area which forms ihc posterior wail 
of the ptcr^^gopalarine ftissa and is pioneed by the foramen rotundum. 

Thi 0/ rAe jffftftrr friffj? (fig, 33a).“nie portion of the margin of the g^^ilte^ 

wing which extends from the body to die spine of the sphenoid is irreipilar. Its medial 
half forms the anterior boundary of the jotarnffi lactrum and presents the posterl&r 
aperture of the pterygoid canal for the passage of dqe corn-sponding ncrv'c and artery. 
Its lateral half articulates wrih the petmus portion of the Tenip^irsil bone, by means of a 
cartilaginoLis join I, wliich is termetl the sphpnopftrosal Between the 

two bonrsp on ihc under surface of the akulh there is q furrow, uatned the m/rus 
tuh^r. which lodgcfi the eartilagliioUA part of the auditory' tube. Extending forwards 
frutn the sphenoidal spine the iqmsmotai muTs^in forms a concave, serrated edge, 
bevelled af the expense of the Inner surface below and of the outer surface above, for 
artIcuLaiion with the squomous part of the temporal bone. The tip tif the greater 
w'ing is bevelled ex the expense of the inner stirfftce and articulutes with the sphenoidal 
angle of the parietal bnne at the ptrrknh ^ I edial to l his^ there is u t rtongular rough area, 
for articulation with the frontal bone ; the medial angle of this area is eantinuous wdih 
the sharp which forms the In wet boundarv^of the auperiut otbiiul Flssute:. and the 
untcriur angle with Lite serratetl margin for articulation w'ith the xygomutic bone. 

The lesser wings of the sphenuid heme are two Triangulaj- plates which project 
laterally from the upper and anterior parts of the body and end in ahorp points (figs. 

3j0h 'I'lic rertbrai turf art of each is Bmpoth, and supports a small part of the 
frontal lobe of the brain, 'rhe iu/ertor rar/ore forma the posterior part of the? rtnif of 
the orbit and the upper boundarv- of the iupenor Grbitai ; ic qvetlumgs tlie 

anterior pore of the middle fossa of ihc skulL ‘llie ffntfrifjr h<tFdfr of the lesser wing 
h serrated for articulatiun with the puatcrior edge of tlae urbltal plate of the frontal- 
bone. The potirrif^r htirdtr 1 $ smooth and projects into the lateral cerebral fisstire ; 
the medial end of thia btardcr forms the miirarer clinifid promj. which gives attach- 
mcnl to tiie anterior end of the free border of the tentoritimcerebelli. Tlw anterior 
and middle clinoid ore soiturtunea united by a spicule of bone, and w hen 

tills OCCUR the end of the groove for the internal carotid artery is converted into a 
foramen {c<noiUitcIinoid /< 3 Tampn}r lesser wing is mtint^ted to the body by two 

rtMiti, the anterior thin and Hat, the posterior thick and triangukr; the &plk eanal 
which lies between thern, iransmits the optic nerve and i>phthalmic artcr^'. 

*l"hc superior orblfaL fissure is rrianjjular in shape and leads from the craiiLol 
cavity Into the orbit; it is bounded medially by the body of the sphenoid bone ; 
eboTC^ by the lesser wing \ below, by the medial margin of the orbital surface of the 
Rrcater wing: and is completed Iniefally, belween tlw greater untj lesser wings, by 
the frontal bone. It transmits to the orbit the oculomotor* rtochlear and abducent 
nerves, the tJirec branchi.^ of the ophthalmic diviaion of the trigeminal nerve, the 
orbital branch of ihe middle meningeal nrtcrVj and some filaments from ihc internal 
carotid plexus of the sympathetic ; amJ/rom the orbit the rtcurtent meningeal branch 
of the lacrimal ortciy', and the ophthalmic veins. 
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Thf pterygoid proMMa of the aphenmd (fins. 33,, 33a), une on each side, 
pciwmd pcrpcnaiculiiny irom the rt^Kions where Jhc greater unite witli the body. 

c process consisrs uf a medio] and u lote raJ plate, the upper parta of which are fuBed 
^tcnorly^ fhe plates arc sepamted below by on angular cM\, temied the ptrjys&J 
jMiirc, the ruu^ mfirginfi pf which nitieulate with the pvnimidEil process taf the 
The two plate* ditTnje bthird, ornl the wcdge-shapeil pii^goid/ouit 
Berw_een them cwtain* the medial pterj'jfoid aod tensor veli pjilntini muscles. Above 
mis foMS tJien; is a smbII, oral, shailow depression, mm'icd the setiphaiii /mmt, vi'hieh is 
fomed by the divisfon of the upper part of the posterior border of the medial pterir-- 
gnid plate ; it gives pngin to pim of the tensor vdi ptrliitini muscle. The anterior 
surface <rf the pterygoid pfoceas is broad jind tnangulur near its mot, wheiiB it frirms the 
pwtenor wall of the ptetygopalufme fossa ; it is pietced hy the anterior orifice of the 
ptfryf;f»a ruftni. 

and everted ; it* httral Wow forms 
nf 7h- ‘ 1 “^ T"* 'iifrfltftt'punsi hKSa and gives origin to the Iowct head 

ot the laie^ piep-guid ■ its meJtai lur/ace fisnns the lateral wall of the pten-goid 
fossa end gives ongm to the gteater part of the medial pterygoid mu«k, lf,e unper 

fil"* 'f’e bound S of the picrygopalat^c 

fissure , the lower part articulate* with the pakcinc bone ; its pttsterior hortlft is free, 


Kic. 33 a.—*!!«: sphenoid bone nf sn eiehl year* old ehild. Anieriiir aspect 
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Vht mediot pitrysoid phtr js narmiver and longer than the lateral ■ h* t . 

tmmity curve* Utemlly into a hook-hhe temed tl« ^ f 

around which the tendon of the tensor vcIi palatini itlidca and to fttmuiui, 

mandibular raphe is attached. The laSn-a} mr/afe of this olare fhprp!' ru Pf'^TISn- 
of the pterygoid fossa, and the tensor veli S£uU S ? T^'“' 

constitutes the lateral boundary of the 

Supcnofly the medial ptetyj^id plate U prolonged cm to tL^der surfaw'^ifX bSidv 
as a thin lamina, named the t^aof pmfrw, which artie,.T.t„ 



ro.id, fi tr^nsnd^srhrpi:;;^';:! r? jj;; 

nerve fr^ the ptctygopalaiine ^glinn. 'Hie PosSr^rgb^ 
pterygoid plate give* attachment tn its entire lencth to th,- l ’^1 

«,d f,»n .h. I«,r,nd ol ,hi. «„„i„ .h. ."J 

mkea urtgin. The upper end tdf thU margin is marked by a smsH^n^ ' P'^ 7 f* 

named the pfi*rygfirV hjArm/r, which lie* immcdiaielv below the 

pterygoid canal. Projecting backwards fmm n^r the 

angular process, sornetimea termed the pnftttui tuhnriui. which 

gral end of the au^ti^- lube. The lower part rd the onterinr maTKf Se”™ 

.. .i» 

face of each fotm* the anterior wall and a part of the fllmr of »ur- 

+ mi? corrcap^^nding 










THE SPHENOID BONE 

Ephcnoidnl sinuB. The sphenoidikl conchnc art: ttiufc nr less deslroved in the 

pmcess i>f dmartifulitdn^ the skuK, but^ A^-hen neen in irfir each cun^iais df an nnlenar 
vcrticalp qiiadriEaterali part and a |K?sterior, hontonta], trisnp^Ear part. The anterior, 
verticdJ portidti etinsbra of (o) an upper and lateral deptesMtl atca^ which completes 
the posterior cthnioiilai fitnusea and articulate^ heloiv with the orbital proersa of the 
palarinc bone; end (A) a lower and mrdial areu^ sn^[K>ch imd triangular, which 
forma part of the roof uf the najiEil cavity, and is perforated above by a tuutid 
opening throtigh Avhich the Bphenoidal sinus communicatos Avith the spheno¬ 
ethmoidal nrccsa of the nasal cavit>% The anterior vertical p^urtioiis of the two bones 
meet in the mcrdian plane and are protruded fnrAViirds as the ^phunottfn! cresL The 
horhiontal irism^ular pesnion of the condia forms a pjn of ihe inoof of the niLRal cavity- 
and completes the sphenopalatine foramen ; its medial margin articidotes with the 
rostrum of the sphenoid and with the ala of the vomer ; its apt'X, direcied backwar-flSf 
lies mcdkl to and above the vaginal process Eif the medial pterygoid plate, and 
articulates with the posterior part of die ala of the A-otuer. A aimin piece of the 
aplwnoldal concKa sninctimcs appears in the medial wall of the orbits between the 
orbital plate of the ethmoid in fronts the orbital process of the palatine bone below, 
and the frontal bane abtAA'e. 

OssificatiDa.— 'Until the seventh or eighth munth of intmuierine life the body of 
the sphenoid consists of two parts—viz. one in front of the tuberculum sella:, fonning 
ibc pr^sphenvidiii part, with which tha lesser w iiigs nne continuous ; the other com- 
prising the sella turcica and dorsum seElie^ forming the poitspftemtdiif pari^ with which 
the greater wings end pterygoid pr«icea3ca arc as^tacialed. A confidembie part -of the 
bone is preforn'^ed in cartilage. There are sis centres for the prcJtplienoidal iin<i eight 
for the p(>st^phcnoidu] part. 

I^esphiimitLit port.^AbotiE the ninth week a centre of ossiheation appears for each 
of the lesser wings, juftt lateral to the npTic canal ; shortly aitern'anls two centres 
appear in the prvsphcnopdal part of the body, llic sphenoidal coni^lia: arc each 
developed from a centre which appears in the fifth month of intrauterine life in the 
upper and pofilcrinr part of the nasal capsule, Ai the centre enlarges It partially 
surrounds a ftmall lia^ward expansion of the u|>pcr and posterior part of the nasal 
cavity, which sulvscquently heenmes the iiphcnoldsl sinus. 'J*he poBicrior whII of the 
Concha becomes absorbed, allowing tlie ainus to invade the presphenoid. In the 
fourth year the concha fuscB with the ethmoidal labyrinth^ and before puberty it 
fyjes with the sphenoid and pulntine bones. The deficiencji' in its anieriot wall 
persists as the opening of ihc sphenoidal sinus. 

Pofhphenoiihf pan ,—'ITie first centr-es of oB^iheation are those for the greater 
wings. About the eighth week one appears below the foramen rotundum in the 
cartilage which forms the btisc of each wtrig. This centre forms only the root of ihe 
greater wing In the neighbourhood of the fiiramen rtjtundum and the pEeryiroi<l carial, 
T he whole of the rest of the greater wing is ossified in ntembrane and the proeetis 
extends dowTiw'arrls iniq [he lateral ptdy'goid plate (Faw^certy. About the fourth 
montiv two centres appear in the pus^phenoidal part of the body, one on each aide of 
the sella turcica^ and soon fuse. Each medial pLcrygaid plate osaihed in membrane^ 
and ita cencte probably appeats abA>iit the ninth or tenth week; the hantulus is 
chondtified during the third month and almosl at nnee begins t« ossify.* The medial 
and laicnil pterygoid plates join obout the sixth niE^nth. About the fourth month a 
cenire appears fur each lingula and speedily joini the rest of the bone. 

The ptiisphennidal snd the poslsphenoldol parts of the body fuse about the eighth 
month of Infrauterine llfe^ but n w^edge-shaped piece of cartilage persists for some 
time iiftdr birth in the lower part of the line of fusion- Ai birth the bane is in three 
pieces (fig. 513); s cencrat, consisting of the body and lesser wings, and two lateral, 
each comprising a greater v\ing cmd pterygoid pmeijra, Jn the first yc^r after birth 
the greater wings and body unite around the margins of the pteiy-goid canal and the 
le$$or wings extend medially aboA't the anrerior part of the tn^y and meet to form on 
elevated smooth turfacc, tcrtried the jvgum fphtttoidair. By the twcnty-tlfch ymr the 
sphenoid and cMxipital bones are completely fused. In the a^ren'or part of the 
hypoph>^a| fositfl there is occasionally n vascular foramim, AAihich i* usually, but 
crrontcusly, termed the cramopharyn^mf ranaif 

As already iiidicafed, the sphenoidal sinus Is present before birth as an extension of 
the nnaal cavity into the sphenoidal concha. TtJ the second or thiril year it ex¬ 
tends bflckw^ards into the presphenoid and subsequenily invadca the postsphenoid, 
reaching llx full, normal, sisc in Bdulcscence. As age advances it frequently under- 

* E. Kaw-cctl, .'tjiiaJftwifL'fteT' ..*frt5tBl(ip(Ti ^•Iatch 10^5' 

t Accord tog la L. B. Arej on p+ jK 6), Ehc »o-csiElcd cnminpliaryngeal 

omat in the ailuh h a vascular channel, bearing no reliition to the cmbiy'onic atolk of 
the anterior lobe of the hypophysh, which disappears entirely before the end pf ihe 
etghib wrck+ 
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SPcws s further enkr^Tnent, with ob$cjfption of it 9 beny walk {r« 

iiiio p. 31foomate). 

Certain parts of the sphenoid bone arc connected by liKwinents which «>etafliEjniiJly 
ossify. I'hc more imporlJiftl of these ll^Binents arr: the alrelchifiK 

bctw'cen the spine of the sphenoy and the upper part of the kienil pterygoid plate (see 
fm7W//a«:ia) * the rntmlimid, jaijiing the anteriof to the posterior clinoid prticesa * 
and the cari>ik^imoid^ eonncctiiiEt the anterior to the middle ciinoid process. 

333- — The sphenoid boFMf at birtbr Viewed from behind and fTom 
the ripfhi side. 

ITae blue atrip lodtcates the csrtitn^e betwem the Central and the lateral pof- 
liqn an the rkht ^ide h only ■ small pOrtaao of it is tiiible on [he left side. 



Potnliar per-^ UumtdvtM *tf mtdiitl 
jjrfufccu£ar jiiaU jrlftU 


.V^f.—The tm* phIsthh UtHm itrr op 

Apptied Anatomy .—Premature oasiHcatfon or synostosis of the suture between the 
pre* and postsphcnoidal parts (which nomially bo^^iri to join at tht; ctghtl] month) and 
of the spbrnooecJpit^ suture produces a characteristic physi uigTKjniy. This k best seen 
in prti^c. and comkw in an ahnonual depresaion of the bridge of the nose^ it ia a 
feature often obismed m dwarfs. 


Tut T'E.MPOiut Bones 

The icmporal boots art situated at the sides and base of the skulL E^dh cousista 
of four parrs, Az. iht tfptnmma^ pftrammtnid, and iymfmme pam, and the ttylmd 
pTPCw. These represent four morphokrifEcally distinct elements which have become 
fused with one snnihcr- The squamous part k a dermal bone developed to asijisf in 
the pmicctiim of the cerebrum. T*hc petrnnm9foi<l portion is pitiformcd in cani|a|^e 
m a protecting capsule for the menibmnous kbyrinth. The tympanic part, fonned in 
membrane, ii humolngous with the anguUr beme, which conetituics a part of the com¬ 
posite lower Jaw^ of many t^tiliima and bony lishes ; it has licconiB incorporated in 
the skull and adapted to play a pk^ in the provision of a eatisfactory mechanism for 
the tmnsniission of sound-waves in an air medium. The styloid pnKrc&s representa 
the doT^l end of die skeletal element of the hyoid atch* I’he fusion of these distinct 
elements to form the tempond hone and the inclusion of the tympanic cavity withm 
the bone during the process have been dealt with on p. 151. 

The aqua mo US part of the temporal bone farms the anterior md upper part of the 
bone^ and is scak-like, thin Etnd translucent. Its Umporal turfne^ (fig, t& amoath 
and slightly convex t it fonns pm of the tempural fo^sa and gives origin to the 
tempor^ tnusek ; ubuw the opening of the external acoustic meatus it is marked by a 
vertical gTixive for ihc middle tcmponil artery. A cuned line, often termed the 
luproifiui/u^ courses backwarnls and upw'uitk qctou ita posierior part ; it serves 
for the aitachinenl of the tempt?ml faatk and limits the origin of the tempord muscEe. 
*rhe hoiJii<lar>' between the oquomnus and mastoid portions uf the bone lie$ about 
t.g an. below the supramasiotd crest and is frequently indicated traces of the ori- 
Hinal iiquamomikatoid suture. Betwecfi tlte enterior end of the AupnimasEfiid crest 
and the pOHierosupcrior sector of the opcnifig of tlic external aeaustk mealua there is a 
depression, often termed the mpmm^afid trmngU ; this trisngte k an tmporfant land¬ 
mark for the mastoid aotnim, which lies medial to ii, at a depth qf abnut t.zs cm. 
The anterior port of the depiession is usually marked by a small projection, termed 
the itiprtimeaial ipittt. 

A long, arclied process, termed the prorm, or ^ygama^ pmjects fotw-ards 

frutn ibe JoMfcr portion of the twnpornl .urfsce. 'Hic posterior pert of this procc» is 
trian«til«- ifi shape and springs frem a bmad ; it i, dirre^od latetally, anJ its sor- 
facrt are superior and inferior. The pnmss is (hen m-isted fimsnids and tnediallv* 
imJ the sHtfwcc* of its anterior portion are therefore niedkl and lateral. The superior 




PLATE V 



RwliaBrtph of f' view, 

t. Lambdoid auiun. 4 - Petrous portion of risht timpartl 
ika HvitT of the orbit* 3 CriiU* B»lli of the ethfiicBd bcnc, 4 ‘ F»cturie thjtnigh 
Sr^^rtiJ^ofleftWtpiSi bone, s«ti throng the avity of the orbit e. Impira- 
Sona tor^eiUr>l Byri, «C^nd p^m^nt molar tooth, not yot rrwpied. 
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FUdisgrtph of « idjJt ^Wet, i-^nmion ; * ^ Kwmio^vlqu^r joint Th« 
lott-er ftiTOw uidicai» the inlenor the Boioiib^ the uuTsi^r 

tuJK«lc. Note th.t the .bedo>« of lihe beod of 

the jucromuij enfflo wd 1 pelt of the glenoid cavity, ^ *"' ihedow of 
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surface of the po-Eiciicif part la concave, smcl coutinuous with the teiiip<^nil futfutx of 
the squiuTioLis part; ihc inferior surface is buunded by tA'o a and an 

ani^riaty which convei^ as they approach the aniL-rior part of the process. At the 
meerini? point of the mo roots the fwArre/r 0/ fAcs woot «/ the ^goma givics attachment 
to the brctii li^sament of the tempotrutnandihular joinT. The posterior root is pro- 
Icinfted forviards from the autface of the squumems part immcfflitcty above the opening 
of the cxtemol acoti*lic meatus j its upper bfjnJer is conlmauua behind with the supra- 
mastold crest. The anterior root juts almost hori^ntally from the side of the 
squamous part ; its inferior surface, convex from before bacfewarxls. is smooth for 
articulation with the anicubf disc of the temporomandibular joim, and the whole 
n>cpt presents the fonn of a short somicylindrical harp named the &rtteuhr taberde, 
which forms the anterior boundary^ of the mandibular fossa. Very ttuely the sqimrnous 


FlOr 354.—The \tk Temporal bone^ External i4|>ect- 
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part is pcrfoTuted just above the posterior nioi of the ;T:ygoma. When pnesem. this 
squitmmat /orumeit transmits the petn>squanious sinus (p. 1^40)1 

The anterior part of the is^gomaric process is thin and Rat. Tlic superior border, 
long and thin, gives attachment to the tnmporaJ fascia ; the inferior, short and arched, 
gives origm to some fibres of tlie masseter muscle. The lateral surface is convex and 
subcutaneous i the medial is enneave nod gives origin to part of the massetcr. The 
anterior end is deeply scftaicd and cut obliquely at the expense of the lower border; 
it articulates w'ith the temporal process of the aygomatfe bone. In front of the articu¬ 
lar tubercle u small mongular area forms a parr of the roof of iJu- infnitemponiJ fossa 
Rod is separated from the temporal surface of the squamenjs port by a ridge * this ridge 
is continuous behind with the anterior root of the zygomatic pmecss, and In fmnt, in 
the articulated skull, with the infratemporal crest on the greater wing of the aphenaid 
bone. The mifnitihutar /ojna is bounded in front by the articular tubercle ; il consists 
of on antetinf, articular portion, fcnried by the squamous pan of the temporal bone, 
and a posterior, non-articular portion, formed by the tyTtipanic port. The articular 
surface, smooth, oval and deeply concave, arriculatcs with the articular disc of the 
temporoniHpdibular joint; the non-articular portion sometimes lodges a smaJI part of 
the parotid gland. A small, coiiical eminence, often termed the p 0 iigifftosif Ifjferde 
separates the Isterjl part of the articular surface fmm the anterior margin of the tym- 
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panic part of (he bonc^ arnJ ift the Pcprewntalivt: of n pmminent tiibercte: which, iti ^xmic 
Ttinmm^lHp dcftccnda hchincl the cotiijyld of the rrumdiblc and priivent^ ifs backi^'ard 
dtSiplatemcnt \. the poxtglciiioiicl luhrrcle is soinctirne^ dtsetibed as the thiril rcfcotofthe 
J^yitomatic process^ The medial part of tlic articnJar portion of the fossa is sepami^d 
from the t>tnpHnic part of the bone by the fisiurr, into which projects 

die lower edge of the downttimcd onteirdatend part of the tnpnen rtinpani of the 
petrous port of the bone ; ihe petrofympamt Jimirf is sicuaied bcrtvten this plate and 
the tyinpantc pa^. This hsaurr lea^U into the middle ear or tympanic ca%'ity j it 
|[Kl^-es the ante nor li^iatiicnEi of the malleus and transniits the anterior tympanic 
branch of the nlAxilkry artery. The medial end of the fissure presents the anterior 
opening of die flff/efi&r i^artaltculm for ihc ^hordu tympani. Very^ rarely a poitgirHitid 
fiiramtn is ptesen! just in front of the cstcmal acoustic meatus and in ili hnc of fusion 

I’ ic. 3J5,—The left teTnp<iral bane. Jr^tcmal lurf^ce. 
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nf rhe «qiidittnu» and t^-inponEc pi^trtions of the hone, tt rtplncca the iiiuam.K.l 
men alnady tneniinned, pnd rranstniu the petriutitmmauA sinus (p Hjrjl 

The t^freW«ff/ 4 i<if of the .qunma (%. jjj) is cnncave ; it presents depress,cna 
cottcspondini; lu the convutiitions tif the lernporul l«be of the hnun anJ 
the brunchet. ef the middle mcninjtca] vessels ; its lower border is uni id to di r 

surface of the ^lm«s portion hut tra«s of a pcTrosqupmossI suture sre frc^LLTik^ 
seen in the adult bone. ^rct|ueniiy 

'm is thin hcvellrd at the espensc of the cere-brel surface ^nd over 

laps the inferior boirdcr of the puriL-tal bone, fonnioif witJi it the souam ^al .,V 
rostenoely the supenor border fomis nn nn^tle with the mastuFd porbon of the w" 
Th. «i./r^t«^«„r thin .hove and thielt bel.>warrieukies with ^ ™rii^ i 

«f the spbiwud bone t m upper part is bcs-clled m the expense of the eerebni! surfa^ 
Its tiiu'er at the expense of tlie temporal surface. sun ace, 

Althouph the pcironiastoid part of the lemitoml bone docs not consist of two 
murpholoKKull}' distinct elements fp. yao}, it la convenient to describe its two 
stuuent oimponcnt* indcpendciiTly uf nnt iututhcr, 

The mastoid portj.m fomts ihe fK.sterior part of the letnpoml bone. It* 
siir/Me (fig, 33+) la ro^h and ^‘lVe* attachnnent to the uccipita] bellv of the 
frontalis, and the iiurtciilnris posterior muifcle. It is fTcuuentlv ^ - 

posterior border by the mititaitl fvnmen. which give* eiit to a vd^rt,m tlu? 
sinus and entrance to a small branch <if tlw occipital artery to the dura mat - h- 
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position and aize of ihjts ronunen aj^i^ vcr^' v^onobte ; li may be sittjatt^d In the Kclpiral 
boner ill suture between the tcmpora] and the accipitui bonw. Tht nyLAtoid 
portion is coiiEifiiied below into a conical projection^ nam£»i the mastojii process; 
it is larger in the male than in the female. Tha lateral surface of this process ]|ivea 
insertioit to ihe stetoornaaioiil, splcnias C3pltis^ and bogissimus capitis ; on its medial 
aide there Is a deep groovep temied the muitoM notcfi, for the attachment ot the 
postcH^»r tjctly cjf the dii^tiic rnusde; medial to this notch the shallow occipital 
groovy lodges the occipital artery. 

On the WTJKT jurfacc of the mnatoid porri^in (fig. 335) there is a deep^ cuwed groo%'e 
cemied tl'ie tigmofd talcait which lodges the sigmoid, smua ; near its posterior border it 
Tree ivea the opening of tlie mosloid foramen. The sigmoid aukus is separated fmm the 
innermost of the muitoid ai r'-cells by a thin Jjiminsi of ^nc which may be partly deheient. 

The ttipcTtor bordrr of the mustciid portion is thick and serrated for articulation 
with the ma.Htqid nn|dr of the parietal bone. The porlcrior bf^rdcr, also serrated. 


Kio. A nection ihinijgK ihr left tnnt^ral bone in the long Aniti el the tyztipanic 

cnrir^% The lateral EurfiCiEe of the mcdiikl hull of llie boCe is sh^wn, 

Iht: poaitJona of the duct of the cochka and the stmictmikr ducta 
ufe ihowit in blue. 


i'linfcf* ij .f' utmI mmtl 





articulates with tlie inferior b’lrder of the occlpltai hemtz hetwet^ the latend uxiglc and 
ju^lar process. The mastoid portion la fused with the descending process of the 
sqiiomoua pan above : below* it entets into the formation of the posterior wall of the 
tympanic cavity. 

The nimioid «iV-crlfr, which are seen tn sections of the mastoid process (fig. 3lb)p 
and iJie ttmilmd antttim\ with which they communicate^ ore described with the 
tympanic cneLty in the section dealing with the Orgim of !fearing. 

The petrous portion of the ternpoml biuie Is wedged lietween the sphenoid and 
occipital bones al the base of the skull (figs. 307, 312). It it directed mediaBy, for* 
wards, and b little upwards; it hits a base, nn apc9t, three surfacesp and three 
marginfi. T'hc essential parts of the organs of hearing md equilibration arc placed 
within it. 

'ITic is cnnlinuous with ihc squamous and mastoid portions^} and Is partially 
separufed from them by the noostuid antrum. 

The spe.r^ rough and uneven^ is received into the angular interval belwecn the 
posterior border of the pealer wing of the splmnoitj bone and the basilar pan of the 
Dcdpitnl bone j it is pierced by the anterior orifice of the carotid canal and foima 
the ppstcrolatero] boundors' of the forwinen kcerum. 
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anifrior Sielps iti farm the ftoor of the middle cmnijil and is 

continuDbiA ih Uic ccrcbrsili ^urfuce of the squjiTTKius part, altliough remitini of the 
pctrosquamoAttl mitunt are often distinct c%'cn at a kte peritHi of life. 

The whole $tirfacc is marked Lmprtissjuns for the g>^ri of the iitferior surface of 
the tempo^ lobe of the brain+ Immediately behind the apex a slight hollow lodgeft 
the mijerninaS ganglion and it is termed the trigmwaf impr^ssi&n. ITie bone anterior 
and slightly kiernl to itic impn-^sFon forms the itHjf of the anterior part of the camfiij 
^nal; it is often delkrient in this sliuaritm. An irregular ridge separates the tri^eminjil 
impression pusteriarly fmm n second hollow^ which forms part of the roof of the 
internal acouslie meatus and co\-m the cochlea. I'his concavity- is limited Iwhind by 
an clevution, lermed the ^jramu cmmeftcr (hg. 135), which ia mi$ed by the superior 
semicircular canal andp in its ktctal pait^ roofs in the vcgtibule and the beginning of 
the facial canal- Between the squamous part on ihe lateral side, and the arcuate 
eminence and the hollows juac described on the medial side, the surface is formed by 
the tfgr^en tympani. This thin plate of hona forma the rwf of the mastoid antrum 
behind and extends furward^ above the tympanic cavity {fijf. 336) anil the L-anal for the 
tensor tympani muscle. Its lotcml margm meets the $quamous pan sr the site cif the 
pctmsquamofial sufurc and fuius downuajda in front to form the Utcml wall of 
the canal for the tensor lympani and the bony parr of the auditor^' tube ; the lower 
edge of this downtumed portion haa already been nliwrr^ed in the ^oor of the 
squomotympanic fissure {p. Anteriorly the te^en tvinpani pr^icnts a narrow' 

froovep which runs bsckwarck and laieridly anil enters the bone through an opening 
placed in front of the lateral part of the arcuate eminence. This bsatu^ transmits the 
greater pe trosal ncri c, w hich ran* furw cuds to the foiamcn lace mm, A second gitrii ve 
may mark die bone on die ktcml side of the one juat described ; it ttao^its the Ecsser 
pctmsal nerw'c from the tympanic pJejcus. ‘J"hc posterior slope of die arcujite eminence 
covers tlic posterior and iaieral semicircular canals, and lateral to it the posterior part 
of the tcjymrcn t>'TTipani roofs in ihe muatold antmm. 

Tile poif^iar surfatg (%* 335) forms tlic anterior part of the posterior cranial fnssa 
and is continuous with the inner surface of ihe mastoid portion. Near the centre of 
this surface an ori^ee of varying sbe leads into the inimm! acamtic mcafm fp 
Behind the opening of the meatus there is a small slit almost hidden by a thin plate of 
bone: it leads to d canah named the a^i^duct 0/ ihr lye^tibuh, which cont^dni the 
saccuft • and ductus cndolymphaticm logcihcr w ith a small artery and vein, ^bovc and 
between these t^vo tipenings the subaramtefoiia (p. 2^S> forma an irmgukf depression 

The m/frtor lur/ar^ (fig. 337), rough and irrogulur, forms pan nf the external surl 
face of the base Of the $kull. Xear the apex h quadrilateral rough surface serve* nartlv 
for the aiiodunent of the levator veh paktipi muscle and the cartilaginoua por 
lion oF the auditory' tube, and partly ibr connexion with the bqaibr pan of the 
oedpita] bone, sotne demte fibrous tissue intervening. Behind this a large nearlv 
circular aperture, leads into the earoild emmi fp. 386). Behind thi* opening there ii a 
deep depression, termed tkeji^-ri/nr/orM, of variable depth and siic in diffeient skull* ■ 
it lodges the supenor bulb of the uiiemal jugular vein, in front of the medial part of 
the jugular fossa and directly below^ the internal acoustic meatm, the bone is marked 
by m triangular tlcprcssion, which lodges the Inferior ganglion of the gluisopharvngeal 
nerve. At the apex of this notch a small opening leads into the cor/;W canJirahti 
which lodge* the penlymphatic duct (aqueduct of the cuchka) and a [Libukr prolnuffp * 
Tion of the dura mater and tninsmjli q Vein from the cochlea |» join the ioicrnaE iiurulur 
vein. !t IS generally believed that through the duct the periUmph of the lab^nth 
» enabled to dram away mlo the ^ubaiacbnoid spacc.t On the bony ridge dividlnif 
the carotid canal from the jugular fossa thcro is a small wirtofiWtei/yr f/7e i\ynpiint 
which is derived from the glossophar^ iigeal nerve (p, 190). In the lateral part 
of ihe jugular fossa the hone is pierced by the iwaifW for the cnlrantc of 

the Murtcubr bntich of tlM: vagus nerve- Behind rht jugular fossa the jWur jurfatr 
forms a rough quadrdaieral area covx^red with cartilage in the recent state and artidi¬ 
lating with the jvgukr process of the occipital bone. 

'Hic superior Wrt—the lojiKcsf—« t>r«ved for the tiup«rtDr petrosal sinus and 
gives anschment to the tentonum cxTrbclIi, escept at its medial eiitvmitv when- it is 
by the fom* of tlie tnifcminal nt;wc. The poit^r^or i>orJ^r is inteWdiatc in 
tetween the superior and the anlcnor. Its medial part is marked by a sulcus 
which forma, with a cortespomiing sulcus on the occipital bone, tlie channel for ihr 
inferior petmsiil siiiu* Behind this t^heK is the ya^-oJur/uM, which, with the jmmlar 
notch on the occipitaj bone, forms the jnaulor foramen ; it presents a notch fw the 

•ITie t<w:^ half ar more of the m™u* endoUmphaticu, pnjlrudc* thmuerh ih, 
oriltcc ioid Uv* h<flw«n the perickairum and the cDvtrmg duni maicr^ K ™ narro^^ 

t M. Wharton Yoyng. Jmi. Iif£. iii Brtd 115, jo-j 1^-* dentil tKi.t ti,.* i i. 
dwns into the nifaarachnoid space and assert? that ihe aijusdurt of th.: 
bhnd sac. vnaa in a 
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glos^ophar^ngeaJ nervep and either or b<^th of the e^tremiucfl of the notch may meet 
the iKcipittd bone and divide the foramen into twOp aomctimes three, parts. The 
anterior derdtr is divided into two parta—3 Eateial, joined to the stjuamoua part at the 
petrwquanjo^ai iHiure t a mediaU free^ for atticuLatiGn with the gfeater wjng of the 
aphenoid hone. 

At the angle of junction of die petrous und squamoua parts two canals arc placed 
one above the othen aod aepaiated by a thin plate of bone. Both caneU lead into the 
tympanic cavity ; the upper transmits the tensor timpani \ the lower forrm the canal 
of the auditory tube# 

The fympanJe part of the temporal bone 337) is a coned piste lying below 
the squamous part and in front of the mastoid process. [ntemaJly, ic is fused with the 
petrom portion, and appeius in the angle between it and the Fiquamous partp where it 
lies below and lateral to the urfhee of the auditory tube. Behind, it fuses with the 
squamous part nnd the tnagtoid ptuce«s, and forms the anterior boundary' of the 





Fid. ji37.—The left ttmpotml bene. [nferiDr Qurface. 
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t^'inpanomastoid hssure. Its pc^/mor mrfaf? is concave and forms the Hnierior wall+ 
the floor, and a part of the posterior wall of the b<jny extcmiJ acoustic meatus : 
at the mediflJ end of this surface there is a narrow furrow, termed the tympunic $ui€vSt 
for ihc attachment of the circumference of the tympanic membrane- 1» orttcrior Jirr- 
/are, quadrilateral and slightly concave, constitutes the posterior wall of the mandibular 
fossa and is sometimes: in contact with a part of the pamtid gland. Its lateral 
is free and nuighened j It forms a large pari of the margin of the opening of the ei~ 
tcmol acoustic mi^atus and gives attachment to the cattilfighttiiis part of the meatus. 
The Utenil part of the upper b&rdrr is fused with the back of the postgicnoid tuWrdc ; 
i C6 tncdiu .1 part forms the posterior boundary of the pclrolympaniic liasufir^ The lo»/f 
hor^ is sharp ; its lateral part splits to enclose the root of the srtloid process and is 
therefore named the of Jie ityfuidprorm^ The central portion of the tympanic 

part of the temporal bone is thin, and Iji a emnsideruble percentage of skulls h per- 
h^rated by a foramen. Between ibe styloid and maRtaid pitjcesses the tiyhmasimd 
/oratfrm, which is thr Imver end of the facial canab traeismits the facial nerve and the 
^ty^lorruiStoid artery. 

The txlema( acouaiU ruMlifi, which is about t6 mm. long, is directed inwards and 
slightly forwards and! downwards; its Hoor is convex upwards. On sagittal icction 
the meatus Is oval or elliptical m shape with the long axis directed dow'nwards and 
slightly backwards. ttR anterior wall, its floor nnd the lower part of its posterior wail 
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rtrc fomicd by ihc t^tnpuFiic pari of the bofic * its roof and upper pa.rt of its 
posterior wall by the squamous part. Its inner end is closed in the rt^ent stEle by 
the tympanic mcmbnine ; its cuter cod is bownded above by die ptistcfipr mol of the 
vyitonmtfc process, below which the small jrpri^e is sometimes seen at the 

upper and posleriut pert of the orifkc. 

The styloid process of the temporal hone, slender^ pointed^ and avcra^ginif about 
a-5 cm. tn Icoj^ht prujects dow^owurtls and forwards^ from the under surface of the 
booc. Its proximal part (rympanohyal) js surrounded by a bony sheath^ derived fmm 
the tympanic plate and ticat marked on its antcrdatcnil aspect^ while tls distid part 
(srt'lohyal) gives attachment to certain muitelea and ligaments (p. a8i). The proees^ 


Fl0» —The three priaeipel pans of the tijd^i tcmparal bone ai birth. 
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is cuvered by the parotid and the facial nm e crosses its base, and the ojrtemal 

carotid ancry it* tip, as they Ue within the gland. On it* dwp sur&ice the process is 
sepoTHted fmtn ihc ccmmcnccmient of the internal jugular vein by the nrisin nf th. 
stylophar^ngeus muscle. 

Structure^—The smicturc of the aquamous part is like that of the other cramul 
bonc¥ 1 the mMsloid portion ii ^ongy^ and the petrous ponjqn dense and hard. 



Fict. jj9-^Thc riRht tcrnpontl bone at birth. LatEraJ aspect^ 
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^ificati on.—The temporal bone is ossified from eight centros (exclusive of thn» 
for the mtcrtial ear and the tympanic e»aidca>—lie. one each for ihc squamous and thi 
n.-rapamc pip, four for the petrous and piastaid parts, and two for the stvloid ptoce^ 
Just before birth, the ^ ocinsists of ihuu prmripal p,rts. vie.: the muamous ihe 
petromastoid ^rt, and the tympanic nng (fig. 338). The ^rt la oTsi^ 

in membrane from a single centre, which appears in the region of fee moi of 
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^'gomatic process about the seventh of etj^bih wetfk and soon extends in an upivard 
ciinn^tion. The ^ira^ftasimJ part is devdopKrd from four centred, whieli nnike their 
appearance in the CLirtilaginaui far'Copstile (p. 151) about the fiftii nr sixth month of 
intr^uferine life. One {piTi^tic} appearc in the neighbourhopj of ih^s arcLunic emin¬ 
ence, spreads In front of anci obo>c the iniernal aeinisiig meatuB and exterEds 10 [he apex 
of the hone ; it covers pan of die cochlea^ vcBtibule, injpcnc^r semicircular duct; and 
medial all of the ntiipaiiic cavirj\ A second (opisihotic) appears q| tlfic pfiPitiontory 
on the rnedidl of the tympanic coviiy and surruuiidB the fencsTra iTKrhlva? \ it 
forms the fl5>or of the t^-mpatiio ent ity and vt'^tibulc, surrounds the camiid canals in- 
vests the lateral and loiver piarts of th<' cochlea, and spreads below the internal acn^uslte 
meatus. A third [ptcrotic) forms the tegmen lyTTipani ; while the fourth (epiotic) 
appears near the posteriur semicircular duct and extends tu form ihe maatoid proceis 
(Vrolik). Tite iympunifr rt»g is an iticcritipleie circle, deficient above, the c^mcaviiy 
of which is g^fMwed by the txTiipanic sulcus, for the atuchment of the circumfereniCe 
of the tympanic membrnne. 'I1ie m/raj- runs obliquely dr^w nwards and 

fortvardfc iicro.-vs the inner aspect of the anterior part of the rioj? (hH, 338)^ I t lodKcs 
the anterior procesa of the mallcua, the chorda tympani nerve and the anterior ty'in- 
panic artery. The tjTnpanio rinti expands to form the tympanic part nf the bone 
and is c^^rficd in membrane from d s^n^lc centre which appears about the third 
month. I'lic ttyloid profm is developed from tlie cranial end of the cnrblaKC of 
the second visceral or hyoid arch (p. no) by two centres^ one for itie proximal 
part of the process, temied the lympanohyal, appears tic fore birth : the fithctp for 
the distal |iarf of the proce-Si^, irrmed the stylohyil. does not appear until after birth. 
The tympanic rin-tf tmite^s with the squamous part shortly heftm; birth ; the petro- 
niastoid fuses with the $[|uamous part durinR the hrat year, and with the tympannhyol 
portion of the styloid procesB about the same time. The styjoli>lil dra;* not unite 
with the rc&t of the bone until after pulictlyi and in some skulls never at all. 

During *Me process of ossihcation, the tyinpanic cavity, the tympanic antrum and 
the posterior end of the iiudiTory tube arc all cncloEed within ihc botie. Broadly 
Kpeakini^, ilic pertr»us pun forms tlw PKif. tluor and medial w-all of the cuvity, while 
the squamous and tympanic paru, to^- 
lecher with the metnbnma t^mpani^ 
form the lateral wtaII. AI births the 
tympanic cavity, the maiitoid antrum 
and the tympiinic membrane are all of 
approximately adult sac and i>o, too, 

»re thi^ auditory ofi.siclcSp althoURh the 
smtedor process of the malleus does 
not join the rtrat of the bone unnl 
innnrhs luter. 

Afitr birih the chief chatifiies in 
the ternpoTnl bone, apart from m- 
cresise in ssxe^ ate: ti) The tympanic 
rtniz grnw^ laterally and hackwank 
to form the tyrnpanic part of tJie 
iKine. This yrowth docs not, bow- 
cv^cr, take place at an equal rate all 
round the rinft^ hut occur? rmsst 
rapidly on ha anterior and pasternsr 
portions, Hod these ogtifTOwtha meet 
and blend, and thus, fur a time, there exists in the floor of the meatus a foramen, 
(often nametl the/orawfn 0/ //wA^) 2 ihk foramen in usually cinsed Abi>iit the fifth 
year, but may penfisi thiouf^hout life. (.■> the niiindihiikr fns^sa is at firet exircmely 
shallow and liMiks more latenilty than Jo wti wards ; it becomes deeper anil i.v ulti¬ 
mately directed dowTiWiirds. 'Fhe poExero-tnfefior pen ion the squamous part j^rows 
downwards behind the lyTnpsinic ring and forms the lateral bony wall of the niafitoid 
antrum. (3) "The mosmid portion is at first flat, and the ^tylo^niastoid foramen juid 
rudiitientiiry styloid process lie immcdiaEely behind the t>Tnpanic ring. WilJi the 
development of the rngjitnid air cells the lateral part of the mastoid portion grows 
downward^ and forwards to form the mastoid p‘roce!is+ and tlie styloid pmccs.x and 
siybmastoiil foramen come to lie on the under surface of the hone. iTic descent of the 
stylomastoid rurameu k necessarily Bccump&nied by a corresponding increase in the 
Jengib of the cfliiol for the facial ncrv^c. It k not until the latter part nf the second 
year that the mastoid process forms a detiniie elevation on the surface of the skulL 
(4) 'rhe suhatruaic fossa on the pofllcriDr surface of the petrouv portion k grailually 
rdted and ulmoflt obliterated^ 

Applied AnalQmyr —"I'hc extcrnjil acoustic meatus k relatively long in the child 
as in the adult, hut tn the child the canal is fib^^>-ca^ti!Bg^nous^ whereas in the adult the 
inner rw'o-thiTds of it arc osseous. When it is necessary' open the tympanum for 


Fiu, 340.-^'rhc righi temporal beme at birth, 
^tedinJ Dspect. 
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luppunition, it n approached throujch the mastoid antrum. In ifte Mid My iMn 
tMt of bone tvqtnm {0 rrmmdfronr the fUfirameotai trwngU to open into the ontntm. 

The Parietal Bones 

The pRri^tAl bdPcs foim the sides and the roof of the cranium. Each bone ia 
irregularly quadrilateral in shape, and has tvvo stufaccSi four borders, and four angles. 

The external surface (fig- 34 j) is convex^ smooth, and marked near fhc centre by a 
slight ctevationT fcltncd the parietal iaher. Two eurviid lincs^ termed the superior 
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Vw. 341*—The left pariet^ bone. Esctertuil tui^cc. 
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border there is u shiillow which^ with that m the opposite p«netai bone, forms 

the tulcvs for the superior sagittnl sinus i to the i^];{es of this sulcus the foil 

cerebri i$ utiached. A number of jiramd^ /weti/^e {piu% w^hich lodge arachnoid 
^nmulations, mark the bone in the neighbourhood of the su^lttid sulcus ^ thev me 
best marked in the of old pem^nSr 

The Mypi/m/ bordfr —the longest and thickest—is dentated ; It articuLitcs with the 
corresponding border of the opposite pinetal bone to form the sagittal suture. The 
iquamos^i hortfn is divided Into three parts : of these^ the anterior is abort, thin and 
truncated ; it is bcrvellwl at the expense of the external surface, and as overlapped by 


FiCl 34:1.—The leli parictid boni!. Internal aa^pect i 
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the tip of the greater wing of the sphenoid ; the middle portion is arched, bevelled at 
the expense of tlsc external aurfacCp and overlapped by the Si|iiiinoua part of the 
temporal bone; the posteftor part is short, thick and serratedp and articulates with 
the mafitnid portion of the temporal bone. The fr^ntaf btrrdfr ia deeply serrated, and 
bevelled at the expense of the external surface above and of the iniemaJ below; 
it articulates with the fmnuil bone, forming one-hmlf of the coronal suture. The 
oedpitif} bofdrr^ which is deeply dentated, articulales with the occtpital bone, foitoing 
one-half of the lambcjid suture. 

l’hc/r<wm/ flng/e Is almost a nght angle, and carresponds with the Arcgwin or point 
of meetiAg of the sagittal ajid coronBl sutures^ 'I^he tphntoidiil anj^te k received into 
the interval between the ftoditi] bone and the greater w^ing of the sphenoid, Its 
internal surface Is marked by a deep ktcbjvc— sometimes b CBnal—for the anterior 
diviskms of the middle meningeal vessels. In sonvc skulls the frontal hone articulates 
w^lth the squBma of the temporal bone, and the parietal bone then fails to reach 
the greater wing the sphenoid- The region vrhecc these fiHir bones approach 
closely to one another is termed the pttnofi (p. 177). The o^cipiitil is rounded 
L t 


G,A. 
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and CjjrrespQnd* ^vieIi (be iatfihda or pnim nf meettiiy of (hf sagittal and lumbdoid 
sutures. The |i blunt and aniculates ^ jth the occipitul bcmc nnd with 

ihe mimtciid pnitiori of fhe lemporaj bone, the meersn^' pnint of the three tMjne? bern^ 
nanted the aUman. On the internal surface of rhis ancle there k a bmad, shalluw 
grtMJvc, -^vhieh hid^et the end of the tmnsverse sinus and the commeneeincnt of the 
sigmoid sinus. 

At birth there are nno^ihed or membranous mter^ak in the skujl a,t the angles of 
the parietal bunes ; they arc named fontanellca and are descrfbe^l on pp. 353, 353, 

OwihrattM —parietal bone h <»^isified in membmne? from two centres, which 
appear one aWe the other at the paiictd tuber abcmi the sevtnib week of intna- 
utenne life. These eentw unite early, and ossificaiion gTadoally extends in a radial 
manner towards the nuLr^ina of the bone t the angles are ransequcntly the parts last 
hirmcdj and it is here that the fontanelks arc found. Ai binh the temponil Lines arc 
situated low d^n ; they reach their permjinent position QnJy after the eruption nf the 
molar teeth. OecasionEilly tile padctal bone is dii ided into upper and lower parts by 
an anteroposterior suture, ^ ^ 


Tiik Frontal Bone 

The fronlal: bone fest-mblM a cocUe-ihell in shape, juid forms the reejejn of the 
forehrad ; Oft «^h side it has a horizon td erftiVflVfV/rr. which enters into the formBtion 
ot the root 01 the urbItaJ cavity. 

1 / hasais surfuccs. viz.—eitemul, n^bt and left teniporat, rieht and 

kit LiTtutah and mtcmal. 

The fxunml tuT/aef (Tifl, 5+3) pmsenia , rtiunded elevaiinn. Kimcd the fronnil 
on wch stde of the median ptanc, ebout j tm. above the supraorbital nianrin 
These emitientes Y-ar>’m size in different individuals, are oecssionally asymmetrical' 
and are csp«jally pmtrnncnt in yotintj skulls. Beloiv the frontal tube re ami seoarated 
from ihrtn by « shallow groove, there are two tuned mptrrithnr iirchM, the mnlisl 

r ""‘I J 'Hh«r by a smooth elevation nttmed 

the g/iibulfa. These arehe* arc larjfcr m the male than in the female, and their decree nf 
prwmnenec depends to some extent on the size of die imnia! sinuses : ammineni 
supeKiliflry srehes are, however. oceMionalty associated wiih smalt timutes. IWnealh 
the supereiliary arc^ the curved ntpra-orbiial mirgim fomi the upper borders of the 
orbits opening. The lateral nvo-ihirds nf each supraorbital mar^n aw shsro ■ he 
m^ial one-iiiifd i, rounded. At the jimctkm of the^e two parts the iHpr!L‘riiiS 
BofF^ or/j?raffli*w. is situated ; it rranstnits the supraorbital vessels and nerve M.di.i 
to noich. the small /rr«i,Id Hair* or/oroa,^ is present in ab,S?o ^ eem o 
skulls. J^c supra^thitsl margin ends BteralJy in ihe ejA'o-uotxV yireem. which is 
strong and prominent and articulates with the zygiomatic bone, From this proecM * 
backwards and soon divides into the mpen^r and 

The portion of ^le hone which projects downwimls between the suprs-orhital 
margin. I. named the ™m/ pitr/. It presents n rough, serrated area, Lnetfmes 
termed the „ouh which srti^lates on each side of the median pkiie with the 
nasal bon^ and lateral to this with the fronts process of the masilla and with he 
JscnmBl bone, Frtim the centre of the notch postvrbrlv the ituw/ Arm Bmieer. 
downwards and forwards behind the nasal bones (fig. 313) ahd frontal prowsJl Jf thl 
mit*,ll*. and suppt.rts llte bridge, of the nose. 11 ^ no4l part ends 

tpme and on each side of this ihere js a sr^l gtiKived wrficc w hlch farm* * pan 
of the rotff of the corresponding nasal cavity. The nasal spine forma a very small na^t 
of the .septum of the nosej in front it articulates with the crest of the?.,^ >!,«« 
behind with the perpendicufar plme of ihc ethmoid bane i j hones, 

ITte ^/aec. bejow and belitnci the temporal lines,' form; the .nterior part 

of the tcmportil foMa and giyics origin in a part of the letnpnral muscle (fig 111) ^ 

t he tJit#™i/ iBi/fifr (fig, 344) of the frontal bone is Mneive, In the Lonr? oirt of 
the median p ane it is marked by a verti«I groovy termed the Wififfa/ thSeJ 
of whtch untie below- to form therr«t; t!ic sulcus lodges the anterior part of 
the aupenur ^itisl Sinus, while to its margins and to the froma! ciwt the amlriS 
part of the fal* «rebn u attached, Tlie crest rnds below in a small notch wh chl^ 
ronverred mm the/oror«en ««« (p- by articulation with the ethmoid 
On each side of the median plane the surface ts marked by ™prss«twt/ar fAs ferTftmi 
gj^i. and mmute furrov^ for meningeal Se«ral email, irregular foM«,rS 

^Ss"" -he roceptirm'of 

Tile pantuil is thick, strongly semitcd, bevelled at the espense of the 

internal surface above, where it rest, upon die parietal bonai. and at the e^nse of 
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th« tm^paroi surface on each side^ where it reciHve^^ the Iqtcnii prc^uTi: of tJic pnnctal 
bone? ; it is continued below intci a trian^lar, rough surface^ fur artkiilaticfi with the 
greater wing of the sphenoid bone^ 

The orbital parta of the frontal bone coniiit of thin triangitlar lamelhe^ 
which form the roofs of the orbitSp jirsd are $epBraitd froni vwch other by a wide gap 
named the ethrrMtida! nQfcIt,. 

*rhc orbital mr/a£^ (ihf. 344) of each orbital plate is smooth and conc*vcp and 
presents^ bi its antcmlateial part, a shallow depression whici) lodges the lacrimal gland 
and con 5 c<|uenily is termed the /ohh /or lAe lofrittmi gland ; ticlow and behind the 
medial end of the supra-orbitjd margin p about midway berween the aupra-^rbital 


FlC. —The frontal bonrL Frontal surf are. 





notch and the frolitn^kcrmial outurop there is a small depression^ sometimes m tiny 
apinc^ for the attachment of the hbrocartilaginous pulley of the superiat obliiine 
muscle and termed the trorWKrr fmrea ot ipittry as the case may bcx The inltmal 
Tui/are is convt^, arul marked by impre^inns for the g^Ti on the inferior surface of 
tJie frontal lobe of the bniinp and by faint grooves for the mcnifigcol branches of the 
ethmoidal vessels. 

Tile fthmeidai natch -(hg- 343) ^patatea the two orbital pans ; k is quadrilatctm] in 
outline and IS occupied, in the articulated skull, by the cribriform plate of the ethmoid 
bone. On the under surfaces of the ktctal tnargins of the notch portwtis of several air- 
ainuses ore present: they compleie the ethmoidal sinuses when the ethmoid bopc h in 
position^ Two transverse grooves crosa each margin of the notch { they are converted 
into the on tenor and ^tcri&r ^thmvidid tanah by the ethmoid bone, and open on the 
medial wail of the orbits from which they transmit the anterior and posterior ethmoidal 
nerves and vessels. 

The ojwninga of the/mam/ nmuft (fig. 344) are situated in front of die ethmoidal 
notch, and httcntl to the nasal spine. These ainus^ arc two IrrcgubT cavities^ which 
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extend hackvk'urdfi^ upwards^ and latcrfilly for a v'ariable distance between the laminae 
of the frontal bone; the^ an? aepdt^teil frocn each other bv h thin hony aeptum, 
whidi ta often deflcCTcd to one ot other side of tht median planc^ with the result chit 
the aitiiises are seldom aytumetriiiAl. Rudimentary af biith, the fri nlal sinuses are 
usinUly fairly wcll-dcvdopcd between the seventh and eighth years^ but reacb their 
full siise only after puberty, 'lliey Vary in «>ixc in different persons and are larger in 
men than in wtimen.* Each cocnmiinicates with the middle rneatus of the correspond¬ 
ing half of ihe nasal cavity by means of a passage often called rho/riMF/o^iKjW daft. 
ikwne authorities^ iwiocinte the tlevelupmcni of the frontal ainuse^ with the appeamnee 
of the supereilian’ arches and hold that the latter ow^e their odgin to the mechanical 
virr^bses to which the froiiliil bone is subjecled by the masticatory appamtus. Acentd- 
ing to this View the sinuses undergo a primary expansion with the erruption of the 


Fiu. 344.—'The froTital bone- Viewed fmea bebwn 
^£^3^4 of tthoYOidttt M/tusM tutciM 
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first milk molars, and a Becondan^ exoansN^n _ 

appeal-Mrhc sixth ycuf. iW^ flbsLrptiL of 

of th« sinusca may occur as an atiuphic chwac k^lttc to furrh-! ^ *"***'' 

The pos/rr&r Wrr* 0/ th, tS JZed 

the tesser wings of the sphenoid j the lateml p-jtt of each ueu^v artieulati: with 

eninial fiwsa betw^n the greater and lesser wrings of the spheM^d^b^ 

Structure.-l’}.c fmntai bone « .hick end ^iKf . , 

by the fnmtal amuses. The orbital^ 

STjd tninsiucent m its poateiior two-thirds. ^ ™ compact bone, 1, thui 

OssfBcation (fig. 3+5).—The frontol bo/ic is ossified in r 

pnnrmry rentms which appear in .he eighth w«k of immutermT^K'^T^ 

* J ^n«nn‘T’sin-bjvw n •■ ■ ■! __ _■ 
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rcgJDJi of each superciltiLry' arch. From each of the*e centres ofiai^cjHion CKlends up¬ 
wards to fom^ the corTespoudjng half of the bone, bnckwards to form the orbital pan 
and downwards to form the na^al part of the bone* No ^condAry centn^ of 
tion * occur tn cunne^ticm with any pan of the boncp with the possiblie exception of 



Fio. 345^-^^—^Fhe frontal bone at binh. Viewed fmitn in frqnt. Note that at this stage 
tlie bone ootisists of right and Left halves oonrtreted by fronlal sLituie, 


Frontal 
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the nasal spinCp for which nvo secondary centres have been described as appeuingr 
about the tenth At birth the bone* consists of two liaK-es separated by the frontal 

or met^pk luture, but union begins in the seccind year, and the fronfal suture is 
usually obliterated by the eighth year, [n n few cases the two lioives of the bone fail 
tel uniiB and the metopic suture pefslihs. 


Tuk Etimolb Bone 

The ethmoid bone is eahotdoJ in shapCp and exceedingly light i it is situated at 
the antcriqi- pan of the base of tli£ iTaniump and assists in farming the medial watU of 
the orbits, the septum of the nose, and the med and lateral walls of the nasal cavity, 
[t consists of four parts i a horizontoJ^ perforated plate named the enbriform plaicp a 
perpend ieular plate and tw'o lateral tnasart, naiUed labyrinths. 

The cribriform plate (fig. ^46) occupies the ethmoidal notch of the frontal bone^ 
and forms a part of the noof of the nasal cavity^. A thiclt, £muorh^ triangular 
processp called the gfiifi from its resemblance to a c<x:k's comb^ projects up* 
wards from this lam inn £n tlie median pliinr. Its paaterior border, Inng^ thin^ and 
cttrvy;d, gives attachment to the falx eerebri. Us antertor l>ordcr» short and thicks 
articulates with the fromal hone by tw'o small projecting which complete the 
rnramen cseum (p. a^i). Its aide* are smooth, and aomeiJnK4 bulging owing to the 
presence of a sman air-smu$ in the interior, On each side of the crista gaili the Cribtt- 
form plate la lUiitTow' and depressed | \l supports the ityms rtfcttis and presemta 
numerous foramina for the passage of the olfactory ner\'ea. At the front part of the 
cribriform plate, on each side of the ersta galh, there is s small nlit-like ftEsure^ which 
is occupied by a proCcs* of dura mater. The fommen which transmit* the anterior 
cthmoiiJQl nerve to the nasal cavity is placed lateral to the antenor end of the fissure^ and 
to It a groove runs fornvards from tlhr oriike of ilic afiterior cthmnidal canal. 

The perpendicular plate of the ethmoid (figs. 347, 34S}, ia thin, fiat and quadri* 
lateral in form. It descends from the Under surface nf the cribrifomt plate and form* 
the upper part of the nasal septum ; It is generally defected a Tittle to one or other 
sidc^ Ihc bttrdtr articulates with the nosai spine of the frontal bone and the 

* V. T. [nmin arid J. b, de C. M. Saundera, Jf. Atidl., 71, 
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creBt of the nasal The ^jfmw iHJfdrr anicyIntciB with the sphmnidal titst 

tbcivc and with th^ ^nonicr beSow^ The superior imniet U s.ttacihed to the cribrifotm 
plate. The it^eri^r border 1 $ ihkk, and serves for the Bnachment of the septal cartilAge 
of the nose. The surfaces of the iotnins are smotJth, e?ceept abovt^ where numcrotta 
l^nKkvc& ofid canals arc seen ^ these lead to the medtoJ forntnina in the crihrifoETti plate 
and lodge filaments of the olfactciry nem'-es. 



Fig, —The ethmoid bone, Superior flapect* 
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Each (abyrinlh of ihc rthmoid bone consists of a number of thin-walled tthmoHiaf 
eelluUs, ofTnnfitiJ in thrw groups—imferior. middU, and potUrior^nd interposed 
between two vertical plaiea of bone t the btetal or t>rbilal platr forms pan ^ the 
medial wall of the orbit, the medial plate, part of the lateral wall of the nasal cavitv * 
In the diBartfculared bone many of these ethmoidal cellules am opened but iti the 
•rtieulated slniU tliey am everywhem eliMed, except at their apcrturea of communica- 


Fifi. j+7,—The perpfndinikr plate of ihe tihmcid bone. Right lateral 
Shown Bftcr renioi-al of the riuhl kbjTinih, 


aipect. 





libn with the noanl cavity. The upper tur/ace of the labyrinth (lig. 346) presents q 
number of cellules, the walls of which arc cmtipteted, in the articuJali^ skull bv 
the edges of the ethmaidal notch of the frontal bone (fig. 344). This surface ts crossed 
by two groovea which are converted into the auUriw and panerior etfimoidal ea^h by 
■rticuiation with dw fmntal bone. On thcpoitericir sutfaee of each labyriitth ffig r*a) 
latge cellules art visible, and their walls am completed by the sphenoidal conSS 
and the orbital prooesa of the palatine bone. The lateral tar/aee (fig, 349) consists of 

• S<^e wtomwts divide 1^ ethineidsi imuses into two gmup*, onitHw, witiprisinK 
those whKh open tnto the muddle mmui, ind a pmttnor. lW which open into the suDcrior 
mmus of the nose. 
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u ih\n, cihlqnn^ pbtr, named ihe wbitaf plaftf which cDvera tlie middle juid 

posterior rthmoidil sinuAes and forma a part of the medial ^'all of orbit; it 
Arficiilaica Rbo%'c with the orbital part of the frontal bone, below %vlth the maxtlla and 
tJitf orbitiil process of the palatine bone, in front with the lacrimal bone» and behind 
Mith the sphenoid bone 3 oi)i 

A few cidluicK lie In front of the orbital plate and their walls are completed by the 
lacriinal bone and the frontal process of the maxilla, A tbJnt curved bar of bone, 


Fio. J 48 ,—The ethp^oid bone. Viewed frtini behind. 
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termed the uu^tnai^ pntttss^ which is subject to considerable variation in aize^ projects 
downwards and backw'ards from this part of the Ubyrintb ■ it can be seen in the 
medial wall of the m^dlary sinus (fi^^ ^01) as it crosses the anterior part of the hiatus 
maxil laris to reach the ethmoidal process of the inferior nasal concha, tvkh which 
it artieulatei^ The upper i^dfic of this pmer-ss is free and forms the medio] boundiir>^ 
of the hiatus semilunaris in the middle meatus of the nuse. 

The media! mr/ttee of the labyrintli (fig. 350) fomia part of the latero] wall of the 
corresponding half of the nnsd cavity ; it consists of n thin lameyH, which descendi 


frm, .14V+^'rhe ethmoid bone. Viewed from the riisht side. 



from the under surfflrce of the cribriform plate and ends ui a free, convoluted portion, 
named the mmi eoneha. The upper port of the medial surface i* marked by 

numerous grooveSt directed nearly vertically dowTiward* i they lodj^ bniUEhca of the 
olfactory nerves. The pcwiterior part of the medial su rfacc is subdivided by « nnm)w, 
oblique fisjurt, termed the tifpcn'Qr meatm of the nosv^ which is bounded above by tt 
thin, curved plate, named the luptFior nmai emeha ; the posterior ethmoidal cellules 
open into this meatus. Below and in front of the superior meatus the convcir surface 
of the middle nasal concha extends Along the whole Icnjith of the medial surface of the 
labyrinth. Its lower margin is free and thick^ while its lateral surface is concave and 
assists in forming the middh msatui of the niMe. Tlie tniddlc ethmoid cellules pro¬ 
duce a rounded awcllioR, named the buNa ethmmdalis, on the lateral wall of the rniddle 
meatus (fig, 3Si) I on the bulk, or immediately above it, these cellules open into the 
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A curved nnnied the infttadtbtihtmy extends upwards and forwsirda 

from the middle meatus ; it rurnmutiicarca with ihe anterior ethmoidal sinusesp and 
in ra^er more ihan 50 per cent, of skulls ^ dc»nP4iued upwards as the fmntDiiiisal 
duct into the frontal sinus. 

Ossification.—'I'hc ethmoid bone is ossified iii the cartilaginous nasal capsule 
from liirec centres ; one for the perpendicular plate^ and one for tsch labyrinth. 

The cemre for each lab^inth appears in the region of the orbital plate betWTcti the 
fourth and fifth months of Intiouicrine life, and extends into the conebor- At birthp the 

Flo. J5a,'"-Thc Islenil w^|l of the right half of the najud civit)', Hhcm inj; the ethirKiid 
bone fcoloured rcdl tod the itiTenbr nasal concha (cobured bluet in posidcpn. 
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tvw» iBbynDth», which pre small and ill-dcvelDped, an partially osaihed. but the rest 
of ihu bone i» cartilaginoui. During the fitat year afwr birth, the pcrpci'idicular plate 
and crista galli begin to ossify from e single centre, and they fuse with the labyrintha 
about the beginning of the second year. The cribriform plate is ossified partlv from 
the perpendicular plate and partly from tlw labyrinths. The ethmoidal cellules bcirin 
to develop during ititraulerine life, and in the new-born infant have the foim^of 
narrow pouches. 


The Icterior Nasim. CoNcitiK (Comck« Nasals iNi^ERJoitEs) 

n’he iofenormis^ concha: arc cuned lamirm! which lie horiaonmlly in the lateral 
walls of the nasal cavity (fig. 350), (inch bone has two surfaces, two bo^en, and two 
ends. 

The medfof sur/ace (fig. 35 * a) j* canvc*. peridrated by nuiticmua apertures and 
tnn-eiacd by longitudinal grooves for the lad|{emcnt of vessels. The lateral turfaee k 
concave (fig. 3551*), and forms pan of the inferior meatus of the cavitv^ The 
tuperior berdtr it thin and irregular, and may be divided into three portions : of these 
the anterior articulates with the Cnnchal erwt of the maadla, and the posterior with 
the conchal crtsi of the palatine htMie. The middle portion presents three proceascB 
which vary in liac and form. Df these, the /(ttrimiil pfocffi k small and pointed and is 
situated at the junction of the anterior onc-fnurth with the posterior three-fourths of 
the bone; it articulates, by its apes, with a descending process from the lacrimal bone 
(fig- 353) anJ- hy its roatitins, with tlic edges of the nasulacriinal groove on the medial 
surfocc of the body of the niiuilla ; it thus nssists in fonning the canal for the iia.'Mj 
lacrimal duct. Behind this process a thin plate, mimed the tthmoidai /rrecni ascends 
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t4 join the uncinplc procw tha irihmoLd (f^g. 3S])< From the itiiddle p^tt of the 
Kupedor border a thin lumtllB, termed iho ctirv'^es do^^nwBr<i9 imd 


Fic. t-— *Yhi btem! wnli of the left tusoL cavity^ with tin Irr^frulsrly iduped portion 

mouthed rrom the tower pun of the raniddic conchii. 
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UtcniUy ^ it articulutes isith the nmitillii imd the nuotillBrs^ process of the pnljjtpc bone, 
fomiing a part of the media! wall of the mA5£iliar>' sinus (hif. ^’hc mferiur border 



Ittfftiof bofdtr MnriUor^ pnc*4* 


Fit;. JJ 3 —The RKht mfedor nasiil concha. (A) Medtal turffior- (B) LaienI aurTacti. 
A. 
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I S free, thiok ^ ond sponjo' in structare, more cspecudly in the middle of the bumc. Both 
iwdf are more or less p^Jititecl. the pqsfedor boing the more tapered. 

OsslfioatiOfi-*^'-The inferior nasal concha is osaiBed frorm one centre : this appears 
about the fifth month of ininiuterinc life in the incurved lower border of the lateral 
wall of the cartiWnous nasal capsiile. It loses conlinuit)- with the naaal capsule 
during i»<ification. 
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Fi6 . —Tht ti|chf luthiTiBj bant?. 

Lalml afipect, 


Tile IjAcrimal Bones 

Tht Iflcrinul bones, which aset iht amallcs^t and most of the cranial bemes, 

arc situBted at tlit (turn pam of tht roL-diiil walb of the orbits 300). Each 
lacrimul bone ha9 two surfacefi and four borders. The Mfrol or orbital surfa^t (hg. 

353) ^ divided by a vertical ridge, termed the 
poitfnt^r laiwina^ rmi. In Fremt of this crest 
there n %'cnjcal ipiHW'c, the enterior btirdcr 
of which artieukre^ with the posterior border 
of the frontal process: of the ma^cillfi to com¬ 
plete the/i^rra/or tht hcrimal tar. ITie medial 
vvqll of the grtww^e 35 prolonji^ed tlnwnwards aa 
a deKcitdinj; process (fig. 354) to assist in 
fnitminir the bony eanai for the nasokcTTmal 
duct by articulating with the lips of the naso¬ 
lacrimal grtKjve of the maxilla, und with the 
lacrimat process of the tnferiur nanal conchti, 
"I"he TKirtinn behind the crest is sruranh and 
fonTLB a. part of the medial wall of the urbiL 
|*hc CTtatt with a part of the orbital surface 
immediately posieriorto it, t(ives origin 10 the 
lacrimal parr of the orbieiilaris oculi musefe. 
The crrti ends beloiv in a small hwA, termed 
^bc facrwinf htfntulnt^ w-hich uniciilpies with the 
maxilla and completes the upper onhcc of the bony catud for die nsst.lacrlmol duct 
joo) ; the lacnmal hamulus sonietiTnea exists as a sepamte piece and ia then 
called the Uner lufnjmt Ismt. 'f'he lower apt! anterior part of the iwrd/p/ or namf 
surfacf forms part of the middle meatus of the ntn«?; its upper atid posterior part 




tibvtirid ? I 
IwHse ^ 


pr 6 C€*it,for 
tn/arior nou/ wncAq 



-^C#rt»K f&r 
letvriMai toe 

LueriMuil 


FJC. 554.—A diiiwins to »how hpw the tnedinl wall of tlw nMoiacrimal cntnl ii 
fonrwd by ihe inipulation of Uie detcendint; pioceasof (he Ulcrimi] Iwnc with 
the iaciimal pmecis of the liifrHor uaanl cipneha. 
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Articulates with the ethmoid bone and completes a«jftic nf the an tenor cihmnrdal 
cellules. The unfrrjMr ^trrfrr of the lacrimal bone articuiam w ith the fttmlal proccHa 
of the tmxilla ; the /Hufmor bwikryk ixh the nrbitRl plate of the ethmoid ; the saperwr 
bardi^ with the fmntal bone. The w/rrittr hordtr niticulates with the orhiml aurface of 
the miucilla (tig. 300). 

Ossificntiom—"nic lacrimal bone is oasifted from one centre, which appears abexit 
the nvejfth week of mtmuterine life in the membrane covering Uie cartdsg^ous naaal 
capsule. 
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T«E Bonrs 

The bouta two miall oblong bonesp viir>'inir in and fomi m difl^rcnt 
mdividudh ; Ihty are plnced %[dc by aide the frontul prtK^tssen of the maxilb?, 

and forni, by their JanctiOOp ‘ ihc bridge ' of the nose 297, 3 Sl)h 

Each nasal bnne haa twosurfoc'es and four border®. The txtmml iwr/are (hg, 3 JS)h 
is concavo-convei from. sIkjvc downwarda^^ and convex from side to side; it is 
covered by the procems and compressor naiis, and i® pcrfomled near its centre by a 
foramen for the tmnamisakn of a small vein, l^ie mr/aa ffig, ia con cave 


Fig. 35S.“The left naasil bone. 
External surface. 



FlO. J56,—The left nauJ bonr- 
Inttmal aurfacc. 



from side to ^idt, and is traversed from above downwards by a groove which lr>df^6 
the atitedor ethmoidal nerve. 'Fhe s^tpetivr /wrder^ thick and serralcd, artictikti^ w iih 
the nasal part of the frontal bone. The iti/ttior ftorder, thin and tiotched, gives 
attachment to the IjnEeral ciirtitoge of the nose. The harder aiticuLiEes with the 

frontal prticcsa of the maxilla. The ^loeder, thicker abo^^e than below^ articnjatcs 

with the opposite nasnl bone and is prolonged behind into a verheaJ trestp which forms 
B small part of the septum of the no«, and artk ulates from above downwards, with 
the nasal spine of the frontal tl>t perpendicular plate of the ethmoid, and the cartilage 
of the septum of the nose. 

CKsificatioo,—The nasal bone is ossibed from one centre, which appears at the 
beginning of the third month of iiitrauteiinc life in the membrane overlying the 
anlerioT part of the cartilagmoua nasal capsule. 


Tite VoMat 

The vomer ts a thin, flat bone, uliTsosi quadrilatcnil lit shape ; It farms tlie hinder 
and lower part of the septum of tJie rtosc (fig, J57) and has two surfaces and four 
borders. Each surface (bg. 358) h marked by small furrovra for blood-vessels^ and is 
travels?d by a gm<jve which runs obliquely dawnwarek anti forwards, and lodges 
the nasopafatine nerve and the accompniiybg %>.-asels. Ilie ntpertar harder is the 
thickest, and presents a deep furrow^ bounded oti emdi side by a ppiecting iflu t the 
furrow receives the rraimm uf I he sphenoid ; I he ala.* articulate w ith the sphenoidal 
conchur, the sphennidul processes of the palatine bones and the vngiiinl processes td 
tile medkl plerygoid plaiea. When the edge of the ala occupies the intcrv'al Ik: tween 
the body of the sphenoid and ihc ii-agmal process, Icji lower surface takes part in the 
famiatian of iht v^rmemvaiftnal canal (p, 5 ^ 7 )- The wftrtar border articulates with 
the nasal crest formed by the maxillet and palatine bajics, 'Fbe aaierior bardrf is the 
longest; Its upper half at^ciilates with the perpendicular ptale of the ethmoid, its lower 
ta cleft for the TeCept<o>i the inferior murgin of the cartilsge of the iepfum af the tl^. 
Thv pastniar border is free, concave, and seporatea the poMcrkir nasal apertures; it is 
thick and bifid above ^ thin below, *Vh.r anterior end of the vomer arriculaU^s with the 
posterior rnarpin of the incetor cresr of the mMilb: and projeL-t$ downwards httween 
the incialve canals. 

DosificBlJtim—At an early period the septum of the nose consists of a plate of 
cartilage^ The superior pare af this cartilage is naaified to form the perpend icultir plate 
of the ethmoid ; its atitero-infcrior portion persists os the septal cartilage^ whilst the 
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vofmcT u bsdiicd in the m^^mbrane covering Ir^ postero-ififenDr part. About the 
eighth Ui'cck of inmiitcrine life two osntM of o^iBcafionr one an each side of the 
median plane, appear in thitf part of the membrane. About the third monih ihwc 


Fig. jSj- ^Thc meEjiiil wall of tlie left half uf the nuail eavity, thening the vamer 

itt situ. 



Prrjir.ttiiievinr, 

jilaffj 


hamidu* 


FroNlnl 
hfi 


ri^hl 


Frontal 


tpiHt 


Torntf 


ceatKs ^tc ^low the wrtilige, and thus * deep gRwv-e h fomied {fig. jsqV {„ ,vhkh 
the «^» 4 .ge of the ^tum of the h |^g«|. As gro« th p««cdsy utUw ^ S 
hony Inmelltn exwnd. upwards and forwards, aod nt the same time the interrenSf plat' 


Fio. 35^*.—^The vomer. Left ktcnil upeer. 
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of c-rtili^ undeiBoes tfawrption. By the age of puhertj- the lametl* a„ almtBi 
complete y itmted, but ^dence of ^e bilaminar origin of the bone is stZ “rdfe 
everted aba of Its upper border and the groove cm its anterior matgin (fig 3/s} 
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Thh SuTUftAtn BaNfis {Os5a ScntmAitUM) 

In addition id ubuaI ccntrca of o^iBcarion of ihc cri^bii bon^, othi^ra m&y 
Chcour in tbc coui^ of the Eutunes^ giving nae to Irrcgiikr, Isolated p jutar/ii 6pnfj {fig. 
360). Thiiy Qoctir mott frequently in ihc ooiifsc of the l^mbdoitl suturcp but are 

Fto. A *kefch «howmg futiiral hcti<» in the l^ibdoid and HgittAl sutym. 



Sutural bor\i3 


occasiunjidy seen at the fantanellesp erpeoiaUy die postexior. One—the ptfritm owixJe— 
aoTtictirncA e?ust^ bctivixn ihe sphenoidal ungle of the panctal hone itiid the greater 
wing of the sphenoid bone. These boncf? %-mfy mudi in size, bui hjn-c a tendency to 
Sc more or less syinmetncal on the two sides of the skull- TTicir nuinber if gertendly 
limked to two or three i but they may be present in great numbers in the skulls of 
hydrocephalic subjects. They have no true mcirphologicill significance. 


THE F.^Cl.AL BONES (OSSA FACIEI) 

The Maxili..^ 

The tnniiJlat are the largest bones of the face^ eKccpting the ttnajidlbkt aod by 
their union form the whole of the upper jaw (fig. 197}. Each wists in completing the 
roof of the mouth, the Boor and lateral walJ of the nasal eavttyp and ihc Boor of the 
orbit; tt also enters into the formation of the infratemporal and pferj’gopalatine foaaie^ 
and the iiLferior orbital and picrygopalatine fissnre*, 

Each mjcnilla consists of a body and four proetKes—z)^omatic, frontal, alveolar, 
and paLitinc. 

The body of the maacalla is pyrafnidiU in shape, [t has four surfaces—ancenor, 
infratempcDnil (or posterior), otbitid and nasul—and enckisc a large Cavity, termed the 
maxillary sinus. 

The unfiTTW rur/flce (fig, 361) ifl direeied forwards and laterally* Its lower part 
display's a number of slight elevations, which correspond to the positions; qf the rooti 
of the upper teeth. Above those of the iocisor teeth there is a slight depression, named 
the trtctstvt fatsd^ which gives ol^gtn to the depresoor seplS • lo the alveolar border 
below the fossa a slip of the orbicularis oris is artached ; above and lateral to the fossa ^ 
the compressor nsfii muscle arises. Lateral to the incisive fossa there is a larger and 
deeper depression, named the tamnf/djm \ it is separated frorn the incisive fossa by 
the camnf emintrut, which corresponds to the scK:ket of the canine tooth * the fossa 
gives origin 10 the levator atiguli oris muscle. Above the canine fossa the infru-Grbttdl 
foramm marks the anterior end of the infm-orbital canjiJ | it iran$mitB the infra- 
orbitaJ vessels and nci^^c. Above the foramen s sharp border marks the junction of 
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the antciior and orbitaJ suffapea. This border fprme & small parr of the elrcumference 
of rhe orbital openiaf;, srod givca ori^n to the levator labii Buperiom, On the mi^dial 
side, the aoterior surface is limited by a deep concavity, termed the rm^al ftotch ; 
the mai^in of the notch gives attachment to the dilator naris and ends btiaw in a 
pointed process which, with the corTe^ponding process of the apposite maxiUii^ forms 
the onlfTTUr nasal $pin£. 

The infrittemporai lurfaefi (fig. 361) i$ convex, directed backwards and Uierally^ 
and forms the anterior wall of the uifratempond fossa. It is separated &om the 
anterior surface by the zygomatic process and by a ridge which runs upwards to 
that process from the socket of the first molar tooth. It presents near m centre 
the apertures of two or three ahmlar aifuih. %vhlch transmit the posterior supertor 
denial vessels and nerves. At the and pswterior part of this surface there is a 

round ermnenee, temied the maxiUdry'^ tuhfrtutty, which is mugh on the upper part of 
its medial aspect for anJculadon with the pyramidal process of the palatine bone (fig. 
3^3) t irivcs origin to a few fibics of the medial ptery goid muscle and, in sonic cases' 
articulates with the ktcral pterygoid plate of the sphenoid Ininc. Xbijvc this a smooth 


FnSi 361.—^Thc left moxilli. Liateral Aspect, 
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aUTfaec forms the anierior boundary of the pterygopalatine fo^sa and is ipoov^ for 
the maxillary' nerve ; the groove for this nerve is directed laterally and slightly 
upw'arda and is continuous with the infra-orbital groove on the otbital surface. 

The orbital surface amooth and triangular, und fonm the greatiir part 

of the floor of the orbits Its inedra! hordfr presents anteriorly a notch^ termed the 
iaorimul notch^ behind which it artieulates from before backw^ds with "the lacrunsJ 
bone, the orbital plate of the ethmoid, and the orbitnl process of the palatine bone 
(fig. 364)- Ita poffmW harder is atnoalh and rounded ; it forms the greater port of 
the anterior margin of the Inrerior orbital ftasuir, and its middle part is notched by the 
commenccmefit of the infraorbital groove. The anterhw bord^ forms a smaU pan 
of the circumference of the orbital opening and is contiiiiiDus medially w ith the 
lacrimal cr^t on the fronia! proceas (p. 344). The infm-orhitai^aove, for the passage 
of the bifra-orbital vessels and imm-vCp begins at the middle of the posterior border 
where it ia continuous with the grwve near the upper edge of the posterior surface * 
it paSAes forwards and ends in the infru-orhiial canal, which opens on the anterior sur* 
face of the bone just bebw the infra-orbital margiru Near its midpoint the canal gives 
oB a small branch from ita lateral side for the passage of the anterior superior alveidar 
ticrve and vessels. This small canal, often Teimed the cattalh sinmmi* passes forwards 
and downwards in the Boor of the orbil hneral to ttie infm-orhitol canal and then cur\-e9 
medially in the anterior wall of the maxiHary ftinua, ps&ssing below the infra-orhitd 
foramen. Reaching the margin of tluf anterior nasal aperture just in front of the 
^ F. Wood Jones, 7. AnaL, 1 .>39, 
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tmttrinr rnd (he Lufcrti^r i;(itii;!h4T it thtn falkrw!i die lowtr itim^n cif Jipeiture 
flfid opens at the side cf the nasid septum in front of the incisive canaL At the medial 
and front port of the orbital fiorfetco, and lateral to the laerimai (rroovic+ the ori^n of 
the inferior obliqjUr niuscJe of the eyebaU may be marked by a small depression. 

The natai tar/afi ^fig^ 363) presents in its upper ond posterior pim a Urge, inreguLoj- 
opcnlngi termed the tmtxilhiy hiatm* ivhidi leads into the maxillary sinus. At the 
upper border of this aperture there arc Some broken orr-sinuses^ which, in the artic¬ 
ulated skull, are closed by the ethmoid and lacmml bones. Below the maxillary hiatus 
a smooth corteave surface forms part of the inferior meatus of the nasal cavity^ and 
behind it there is a rough surface for articulation with the pcrpetidiculBr plate of the 
palatine bone: this rotigh surlace Is traversed by a groove^ which begins near the 
middle of the poBlcrior txirder^ runs obliquely dowriwards and forwards^ and is ton^ 
verted into the greater pijiatMut errW by the perpendicular plate of the palatine hone. 
In front of the maxUlary hiatus a deep groove which is continuous above with the 
gttiove on the lacrimal bfme (p. 33B), coiunruies about two-thirda of the circum¬ 
ference of the nnsi^lscnnial canfil^ the remaining onc-rhini being fontied by the 
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OfbiadMtir 


DihllafJfr 

ennprwnf 


DeprmarMjti 


LtvaXntf 


JcscendinR part «f tltf Itwrimtl hone and ihc lacrimsi process of the inferior nasal 
conchfl (hij. jfii) : this cajiil opera imo the inferior meatus of the nose (fiff. 35 ij and 
transmits the nMolneriinal duct- More antcriotlv ihe bone is moiited by un oblique 
ridi^, lemifd the ctmehti! ctett, for articulation with the inferior nasal concha. The 
shallow concaviiv hetow this ridKC fomis pan of die inferior meatus of the nose, and 
the surface abttve the ridsje pan of the atrium of the middle meatus. 

The maisllary simii (lifia, 363, 364! is # lani*: pyramidal cavity withm the body of 
the maxilla. It* walls aw thin and eoiTEapond to the nasal, orbital, anterior and 
infratcmpofal surfaces of the body of the bone, Jta apex, which is directed laterally, 
is formed bv (he Evgotnarie pmccas : ift iwue. or natal wall, which faces meilklly, is 
formed hv the Literal wail of the nasal cavity and prisems the maxillary hiatus in the 
disarticulatod bone. In the artieu luted skull this apemiw Is much wduced itt siac by 
tile follnwiftB bones l ilw uncinate process of the ethmoid and the descending part of 
the lacrimal hone ahove, the masillap? process of the inferior nasal mneha below, and 
the perpendicular ptale of the palatine bone behind frig's, jsif jS-t)- The maxillary 
sinus communicates with the middle mwitus of the nose, generally by two snialj 
apcrtuwi, one of which is usually closed by mucous miitibratie in the recent state. 
The pittitrior icaii U pierced by the altfitiar eamtii, which transmit the posterior 
superior ah-eolsr mstls and nerves to the molar teeth ; thisc canals occaBionally 
project ridges into the maxillarv sinus. The floor is formed by the alveolar process of 
the masilJa and its bwirst part is usually about t.ts aa. below tlie level of the floor 
of the nasal carfty. In a large proportion of bones radiating «pto of varving sizes 
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Aprin}^ fiYjm ihc flcwr pf Nic ssnus in the iniertals betwccrt ihc adjacent teeth *, m ^orttz 
ihc f\oor is pcrforaied by the rnriRs of the molar teeth. * The Infr^-orbital canal 
tisiLully projects into the siniti a welJ-markcd rrd^ extending from the fvof to the 
anterior waW. ^flie 'uzt of the cavity variw in diftePent skuJts, and even on the mo 
ddea of the siUne skulf.f 

ApptUd Armiomy .—The eitretnc ibiimess of the -willa cpf this cavity alTbrcb ah 
explanaiiun of the fact that a timiour grtm'ing from the maxillary sLdus and en-^ 
croaching upon the adjacent parts may puah up the floor of the orbit, and displace 
tlie eyeball ; may project into the nose ; may protnide fon-varda on to the cheek t or 
may make its way backwards into the infratempoTal fossa, or downwards into the 
mouth. 

The zy^^otuatic proctrM k a rough, pyramidal projection, situated at the angle of 
separation of the anterior, InfraJempckral Hoti orbital surfaceft. in fr<mi it forms part 
of the anirnor $orfaoc of the body of the bone ; brhmd, it is concave, and continuous 


Fio, 363.—The left itvoxilldH Medtsl aspect. 
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witli the infnittniponil tuifaci: ; <i 6 otT, it ia nyuis'h jtnd semi^d for articukrion »i'ith 
the ijupmahe bone ; Ww. it pr«cnB 4 n jtTt:hed border, which separates the antetinr 
frt>m the infrutempomi surfsice^ 

The frontal procitsa projects upwaida and backwards bemeen the najwiE and 
lacrimal bones (fsgs. 303, 364^ Its lateral sur/afe (fig, 361) ia divided by a vertical 
ndge, tcrtficd the itinfmor ifnr^m^d errjf, which gives attachment to the medial palpc 
bral ligament and is conttnuotis below with the mfra-orbiuil margin. At the junction 
of the crest with the orbital surface there ii a small tubercle, which series as a imide 
to The position of the lacrimal sac. Ilic pan in front of the lacrimal crest Js srnooth 
■nd merges below w gh the anterior surface of the beniy ; it gives attachment to a 
portHin of the E^rbicularis ocuh and in the levator labii superioris alicque niL^i Itehind 
the anterior lacrimal crest there h ■ vertical groove which asaisns the griKive on the 
laLTrmjd bone m complete a fossa for the lodgctncnt of the lacrimal sac. 


*' number nf teeth whose coots are in relation with the ^o*r of the msKillarv 
variable. iTic sinus may cxtetKl so ns to be in relatioii to all the tceih of the true 
from the raninE to ihe third mnlar.™(SBlcer,i 

t LoKin Tumer fop. rif. p. JlS) givea, the folltiwing meisaTmientS for an adult 
ivrfSgC me t vertical height opposite first molar tooth, cm. ; tmna%?eise breadth 
and interoposterior depth, yx cm. 
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of tlic fronml process (fig. 363) forma m portion of tiic laleml 
wp'aU of the nasal cavity * A rou^h, uneven area at ils upper part articulfttea with the 
ethmoid bone and cloaes the anterior cthmafdnl cciluica, Heluw thk rou^^h area there 
ift an oblique fid^, termed the the posterior part of wbieb articutaic* 

with the middle na^l conehtp while the anterior part underlies the a^ger nasi on the 
lateral wall of the nasal cavity; ibe eihmoidal crest forim the upper limit of ilrf 
atdum of the middle meatus of the nose, llic upp^r of the frontal procesa arti- 
Ckilares with the nawil pan of the fmntal bone^ the animur bitrJfr with the nasal bone, 
and the poittrioT border with the lartiniai bone. 

The alv-coUr process of the maxilla is thick and arched, broader behind than in 
front, and excaeated to form socltcis for the reception of the rwjta of the teeth. Tlaesc 
cavities are eight in numbeif snd vary in 5 w and depth according to the teeUi they 
contain. That for the canine tooth is the deepest; those for the malam am the widest. 


Fto. 364.—Oblique partsagittal section thmuKh the acienor pift of the aiiull, 
showing the raedinl waU of the left orhk and the medial wbII of the 
left maxillary tinus- ^ 
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and ore subdivided imo three minor socket* by Sepia; those for the ntcison and the 
ftMond prnflcilar are ainKlc ; that for the fitai premolnr i$ sometime* divided into two. 
The buccinator muscle arises fnjm the outer siirfacc of this ptwess, w fat forwaid as 
the first molar tooth. When the majtilla; are amcujflted w«h each other, their alveolar 
processes toRcilicr form the alvtirlttr arch. . , , 

The palatine process of the maailla, which is thick and strong, is Itonzonts] and 
project* mediallv from the lowest part of the naBal surface of the bone. It forms a 
considcmble part of the floor of the nasal cavity and the roof of the mouth, and is much 
thicker in fmnt than behind. Its infrti&r mrfaec (««. 365) is concave, rough and tin* 
even and forma with the palatine process of the opposite bore, the anterior three- 
fourths of the bony r a l=« re 11 i* marked by numerous foramina for the pMSitge of the 
nutrient vessels and presents depressions for the lodgement of the palotine gtand*; 
it is dumnclled at the posterior part of it* lalera! border by two grooves, which lodge 
the greater palatine vessel* andnerve- men the twomaxillKare articulated,* fimnd- 
shaped depression, tetmed the inririt e/oitfl, iaseen in the rncdiim plane, immediately 
behind the incisor teeth. In this opening the orifices of two lateral canals arc visible : 
they are named the iaWriw miw/r ; each leads upward* into the corresponding half of 
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the ti4i$al cavity and tratufmsts the tcttniiiiiLl branch of the n^nentcr palatine anety and 
the nasopalutine nerve. Occa.^ion9ny thertj are i^vo nddititnial apetty a-fl in the medtati 
plane ; ifciey ore termed I he on/mur and pQjftrhr i*fdiivie furamhutu ond^ when p reMnt+ 
tranftmit the nii!U»psilatine nert^a, the left poAsinti thmu;^ the anterior, jind the Hght 
through the postedor fonjrnen« On the under surface of the palatine proc^. zt 
dclicaie AUtuiT termed the iansh^f suiurc, well swn in yoimjf skulls, mav ftontetimes be 
noticed eitrendin^ latciaHy snd forwirda from the ineiittvc fosia to the inter\’al between 
the lateral inci^r and the cBnine teeth. *rhc ^imall part m front of this suture constj^ 
lutes tfw Of ittnriviim (prt'maxills), which in most vrrtebniles forma an independent 
bone. The npp^ mrfurr of the palatine (tvoevss is concave from side to pide, smooth 
and forms the jsreoter part of the Ikior of the mwal cavity ; doae l« the nntenor pari 
of Its medial marmn the bone is pierced by the upper nriBcr of the ificisive canal 
1 he liiltraf btfrdrr of the process is fused w ith the rest of the bone. The meJmi 


Fio. 365,—'fhe bony palate and the ■IvcoUr arch. Inferior aspect. 
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bord^, thicker in front than behind, is raised rnlo a ridge, termed the mtfd mu 
which, with the com^pondinj? rttlRe of the opfwsits bone, fomu n Bmove for the 
reception of the vomer, 'rbe front part of ii)i« ridge rises to q cunaiderable hdeht 
snd is sometimes named the tWcMor (rat (fig. jbj); it is pmlongifd foTwanis itiiri a 
sharp piwcss. vi-hich with the sitnilsr process nf the opposite bone, fonns the aifimVjf 
iteutil tpinr. The posterior bonier ts serrated for oniculjitlen with the horixqntal nlate 
of the patarine bone. * ^ 

Os&ificatim.—The maxHlii b developed in membrane fttmi twro principAl centrve • 
one for the fnwcilla ptoper and one for tbe Cj inrinvum. These centm appear about 
the end of the airth week of intrauterine Itfe, tbnt for the majiilla above the canine 
toDth^germ, and that fur the os mdsivum above the tneiiwr tooth-eerm«. Tlie ob intm 
vum dev^elups in the median nasal prucoH, (p. r 1 1) but, p result of the mva^lun of that 

ptticw by the Tnc*cnchyroe of the maailkr^- proce^ fp. j 11)^ the ch mdiivum takea 
no part in the formBtion of the labial wnlb of the incisor AoeJeets, although it can 
ariti be identified in the child at the lower margin of the anterior nasal aperture t 

• F, P. Mali, J, 5, 1906, and IL Fawcett, J. Amtf. iind P^rvu^d., ak toi t 
tl:.JLJohn«>ii.J. t937^ ^ 
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On the psiate, llic «utun- Ytne between the na ii^eiaivum and the 

nwJlIii mns tmm the septum btjtwecn the canfnc nncl tli<j latersil Lnetsor tooth to llie 
incisive fosKi. It can readily be idEjitified at birtb (fig. j67t and may* occasionally per¬ 
sist Until nearly middle life. At a Later an additional centre (prfvommftt or 

parostptiil eenfre) appears for the OS indsh'^im on the medial side of the correspond in|^ 
panueptai cartilage. The maxillary sinLis appears aa a shadow (pwive (fig. on the 
nasal surface of the bone about the fourth month of intrauterine lifep but does not 
readi its full size until after the second dentition. The infraorbital vessels and nerve 
lie for a time in a groo%'e in the floor of the orbit; the anterior part of this groove is 
converted into the infra-orbital canal by a Inmino of bnne which ^frows from the lateral 
aide of the yroove. 
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Ffcn. 1^67.—The right mmcitllB it birth. 
Inferior aspcctr 
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FlUr 36^.—rijiht muilLi at birth. B^Iedinl aspect. 
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CftAKCES pjmDUCEO ix ntt VY Akb 

At bintt th« tntntvcrM and antcrDp<»un'or diamctui^ af the iniuciJlB bk each 
greater than tl>e vertical The Trontal procefs » weU-tnirleed, but the hod jr cf the bone 
consists of little more than tlw dJvtioliir process, the tooth-sockets reaching almost to 
the floor of the orbit, Tlic maKtllaiy sinus is seen as fl furrow on the I atcral wall of the 
r»o 8 c. In the adult tlie vcrticBi diameter is the Rtratest, owing to the development of 
the alveolar process and the increase in siste of the sinus, _ In old age the bone reverta 
in some measure to the infantile coiiditroti t its height is diminished and, after the loss 
of the teeth, the alveolar process is absorbed (p, 30^)) and the lerwer part of the bone 
contracted and leduced in thidmess* at the eapenseof the labial wall. The differences 
in the way in which the alveolar pmcessea arc absorbed in the masilla and in the 
mandible are of considerable practical importance in the provision of dentuies 
(P- 3 «> 9 )- 

■ See ivfcrencCT in fooinoict on p. ^09. 
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OSTEOLOGY 


The Palatjne likl^'cs 

The poIatiRB boiie« ere situated at the poiteriOT part of the tissaj cavity, benveeD 
tlw milxiltK mti the ptery^oiJ of the ttphcfidid bone (fig. 3 JiK assists 

in fomuiig the floor and lateral wall of the nasaj cavity^ the rtiof of the mouth, and the 
floor of the orbi^ Mid entets into the fotmatian of the pterygopjj4tine and pleryeoid 
foa$£r aiul the inferior orbital fissure. 

The palatine bone beans $nme resemblance to the letter L, and consists of a hori- 
SEontal and a perpendieukr plate, and three pmcesses—viz, the pynifntda.1 process 
(tubercle), which is directed Whwords, iMetally ajid downwards from t}u« Junction of 
the horh^ontal and perpendicular plate, and the orbital and aphenoidal processes^ 
which surmount the perpendicular plate and are separated by a deep notch, named the 
sphenopalatine notch. 

The horizontal plate of the pdatine bone (figs. 30^, 371) k quadrilateral and has 
two surfaces and four borders. The luijaf ntr/iiif, concave from aide to side, forma 


Fw. 36gp—The left peUtine bene in nnicuktioti wkh ttui hfi loixills. 
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the posterior part of the floor of the jiunl cavity. The paladm swi^fact forms, with the 
cormponding surface of the opposite bone, rhe posterior one^foiirth of the bony 
palate t near its posLerior maqtin there k often a curbed ridge, termed the pulatinc 
mrjn 'fhe p^rfiTi^r harder is thin and concave ; to k, and to the palatine eurracc ns 
far forwards as the palatine cmal, the expanded tendon of the tensor vdi palatini h 
attached, Tbe medial end of the posterior border is pointed and, when united with 
that of the opposite liwne, forms a projecting pmcess, which gives attachment to the 
muscuUiC u^nalBc, and is named die pfauriat mijn/ Tpine. The mumarbiirder h serrated 
and articulates with the palatine process of the mnxilk. 'fbe iairritl harder is con¬ 
tinuous with the inferior border of the perpendicukr plate and is tnarhed at the 
lower end by the greater palatine gnome, The medwi harder, which is thick and 
semtted, arficulatea with the cormpondinx border nf the opposite We, and the 
cippo$ed bordcra form the posterior part of the msul er^t. This creat articuktes with 
the potterior part of the lower edge of the vomer and is continuous antcTiorly with the 
nasal crest of the mnxilhe. 

The perpendicular plate of the poktinc bone {figs. 370, 371) ja thin and of an 
oblong form* ontl hos two surfRces and four botders. 

The hmJ (or mediai) tmjaee cKhibits at its lower part a broad, shallow depression 
which forms part of the inferior meatus of the nasal cavity. ImmedEatcly above ^is die 
eanekaf errst fotina a horizontal ridge for articulation with the inferior nasal concha 
still higher there is a ^nd broad, shaUnw depre^^ion, which forms part of the 
middle meatus and ia limited above by the ethmaidai erfti for articulation with the 
middle nasal concha. Above the ethmoid hI crest there is a narrow, borizcrtital 
groove^ which forma part of the superior meniua. 
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Tluc maxillary or iairral ii roygis fcnd thrmjghaut the gresster part 

cpf in extent^ lor artioilition with tlie nual aurfsii:^ e>f the tnuuulU; lt» upper Miid 
poBterior put ift Smooth uul foirm the medial u'all of the pterygopiJatiiTc fom ; in 
from portion» which w abo smooth» projects bewnd the posterior border of the 


Fia. 370.—The left pdlutine bone. Medial aspect. (EtilArgeO.) 
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mftxiUeTy luatuB and forms the posterior part of the medtsJ wall of the muillBry 
sinus (6g. 364)* On the posterior part of the niaiillar>' surface there is a deep ver- 
ricsl groove, named the pirT^gapalatihe grom.r igrcatrr f>aiaiine grfiovr), which in the 
articulated skull is com'erted into the grtafrrpidalint eanal by the maxilla ; ihia canal 
trariBrnits the greater palatine vessels and nerve*. 

The antfriar bardrr is thin and irregular^ at the level of the conchal crest a 
pointed, projecting lamina is directed forwards below and behind the maxillary 


Fic. 371.—The right palatine bone. S'nsterinr aspeci. 





process of the tnferior oasil conchi. It articutiiies with the latter md assists in 
forming the medial wall of the maxillary sinus (fig. 36+). The potl^or bordft (fig. 
371> b serrated for artieulation with the medial pterygciid plate of the sphEJioid 
bone. This border » continuous above with the sphenoidal process ; it expands 
below into the pynunidal pmeess of tlie palatine bone, 'Hie lupenor border supports 
the orbital process in front and the sphenoidal process behind. These processes are 
separated by the sphtnopalatiftr notch , which u converted into the tphfnopaliitinf 
foramen by the under surface of ilie body of the sphenoid. In the articulated skull 
this foramen leads from the ptery-gopalatine fossa into the posterior part of the 
supciior meatus of the nose, and trsnsnuis the sphime^ladne vessels and iwso- 
palatine ner^'e* The inferior border is rontinuuMS with the late ml border of the 




35* OSI’EULOGY 

Kurjsuinim! pliili? $lnd, in frynt caf the pyroinicLiil prrHC«s, is jntjrkcd by the jn^i-tr'cnd nf 
ihu ptt^ryjjtopdliiiiritr 

*rhe pyramidnt process cif ibe puluiiiu? projects bitckivardfl, laterally, nnd 
downwards ftdRi die junc-rion uf rhe horm/nbil ind perpendicular phiitMi of ilic 
and fits into the angular internal lictMcen the Ir^wcr ends of the pter>goid plates. On 
its pottrriirr ^rfiitr ihere is a urnrfcoth, gro^ivcd [riuti^ar iirra^ litniicd on each side by 
ct rough articular furrow. The fum>w$ amen late with the ptcr>^goid plates* while the 
^iitwiVed iriaoRtikr area completes the Inwef part fsf titc ptcrj'gnid fossa and gives 
origm 1(1 some Itbres nf the medial pteryijciicJ muscle. The anterior tjarf nf the latcrul 
jin/are ia mugh for aniculation with the maxiliary luheTogiiy ; the postenor pan 
consists of a smooth crltuigulskr area, which appears, in the articulated skull, at the 
losver part of the infmtempoml fossa berween the rnasilJar>' ruberosiU' and the latcnil 
IJterj'guid plate (fig. 'l*hc wfrrifir surftjfr of the pyramidal pnicess, close to it* 

union with the hon'Kontal plate nf the bone* presents the tcaer pirhulfti^ ftjrximittix fLir 
th e tniiismt^>5iijn of the I esse r (middle and posterior) paLuinc perns ffis. 

The Orbital process (bgs. ^70+ 371) li directed upwards and laiemlly from the 
front of the perpendicular plate, to which it is joined by a constricted neck. It 
encloses lUi air-sLnus, and presents three articular and twn non-articular surfaces. 
Of the articular surfaces: (i) the tinterhr or fimxitiary\ of an oblong form* is 
directed Furwards, laic tally, and downwards, and articulates with The inaicilla ; [3) the 
p^jftiTPoror directed backwards, upward^, and mcdiftlly+the open- 

inj^^ id the air^^inus, whieb usually communientes with the sphenoidal sinus ; the 
margins of the opening articulate with the aphenoiilaT concFia; (3) the mtdieil nr 
eltiTnfiid/it \% directed Tnerliplly and femvards, anti ameuluteif with the |ab\mnlh of the 
ethmoid bone. In some cases, the air-sLnus opens rm this surface and ihen cummuni* 
cates ^vith the pwienor ethmoidal cellules ; more rarely it opens on the cthmoidul and 
sphenoidal surfaces, and then commumcates with the posterior ethmoidal celiiiles and 
the sphenoidal sinus. Of the non-artlcular surfiiccs: tO super/ar or 
triangular in sliape, h directed upwards and lalcmllyf and forms the posterior part of 
the floor of the orbit (hg. 3r3> ; and b) the of an oblong fomi, iii directed 

towards the pterygopalatine fossa and is separated fmm the orhital surface by a 
rounded iMiirder, whid^ farms the metiioJ pan of the towei: margin of the infcrlnr 
orbital hasurc ; the lower part nf this surface may ptc^nt n groove, directed laterally 
and tipw ardi, which hedges I he maaillaty' nerve and is continuous wnth the gn>avc on 
the upper part of the posterior surface of the muKilla ip. 342). The border between (he 
Late ml and pcrsteriar surfaces k prohmged downwmipds as the anterior lioundary nf 
the sphenopalatine notch. 

The sphenoidal process (fis^. J70, 371) is a thin, com premised plate, smaller 
and on a low cr level than the orbitnl procusa ; it ti directed upwards ami medial ly. 
Ire iiipfrior mr/acr articulates w ith the under surface of I he aphcnoidol eemehn and 
the root of the medial plt rygnid plate ; it promts ■ gntove which contributci to die 
fiirmaiian (►f the palatint^vagiual conaL l-hc infiri^medml mrftice is concave and forms 
a small part of the roof and lateral wall of tha nasal cavity. The posterior pjrt of the 
foirrof ruT/frrf aniculates with ihc medial pieryTjoid plate : die anterior part k ^mfmth 
and forms a portion of the medial wall of the ptcrygopnliitlne fossa. The poitfrinr 
iord+T is niugh and atiiculatcs widt the vaginal pcric™ of the ml^dtd pterygDid plate. 
The antmoT bordifr forms the posted err boundary uf the sphenopalatine notch. The 
mrdiiii itQrdrr artitrulate* with the ala nf the vnmer. 

The orbital and spheDoidal processes are separated ftonirjieh other by the 
piihtruf nttuh, which is convened into the sphenopalatine foramen by tliV undersur¬ 
face of the Imdy of the sphenoid ; sotnetlnies die iivo processes are Linited by a spicule 
of bone w’hich contT:Tts the notch into a fonunen. 

Ossification.—The paLitlnc bone is ossLHcd in: membrane from one cciitm, which 
appears during the eighth week of intrauterine life in the perpendicular plate of the 
bnne. From this point ossification spreads upwards imo the orbitEtl and sphenoidal 
prta^esiesH medially into the hi>ri!:ontal plme, and dowmwards into rbe pyramidal 
process. 

At the time of birth the height of the perpcnLEicuIiLir plate la about equal to the 
transverse w idth of the bnristontol plato, whereas in the adult it meoHurta oearlv twice 
Bs mudi. 

IhiE ZvckJitATjc Bones 

The JiygorruilJe bones art siEutited in the upper and lateral pam of the face. 
Each forms the prominence of the check, and comrihutes to the formation of the 
lateral wall nnd flour of the orbit and to the walls of the temporal and infmtemponil 
foMJe (Eg, 37a)- 

The ^ygornatic Wnc i^ quadrangular in nhape, bul has a fljjujfc-like projcctiDn 
from the unlerior part of it? medial ctspect. It has three surfaced, five hordera and trvo 
nmceaies. 
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'Hit PTfdi/i^ tjirfacf {littfral mrjutr) 372, 373) directfd latently and fqnvsinis^ is 
convex nnti is picrecd nt^r \u orbital bcirder bj- the {which k 

often double)^ for the passsf^d of the xyKoriiatidofaciBl nerve and iiTSScis * below thii! 
foramen a ilhlhr cJc^titinn gives origin io tile zygonnitkus miiKir and more posteriorly 


Fig. 372 . —Thr left lEygmnpthc bone in tifu. 
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the zygomatirua majar takes origin. The rwifn>rai sur/arf (fig. 374^ which is directed 
rncdially and hackwanls, is corn^ve* It prl^$^3nta anteriorly a roughened area for 
aniLnlation with the muxiilii, and re^tenorly a vmootJi, concave area which extends 
upwards on the pcaitcncir aspect of the frontal process to furm the anterior boandivry 
of the temporal fossa, it also extends back'hviirds on the medial asprer of the temptinil 



FlO, 37J.—rhe left ryHnnattic bone. 
Lateral aspect. 

Fratdat wnn*f 


l^vatinr 

tiipfwiiiri* 


FitL 374.—'The left Eyiwiatic bene. 
Medial aspect. 



process to fnrtn on incompktc lateral wall for the infretetui^nim] fcifiso. llic 
frmporui foram^, for the ttnnsmission of the nerve of the same name, pierces this 
aurface near the base of the frontal pmeess. The vrhiti^ jirr/aiY (fig. 374), smooth 
and concave^. forms the anlefolstcral part of the fliwr and the adjoining part of the 
lateral wall of the orbit, extending upw ards on ti» the medial aspect of ihe frontal 
prcMiess. It usually presents the orrficca of tw'o canals, termed the JVjjowfitfico-orfrjW 
/OTwimhrf, one of which leads to the zygomatieofacial and the other to the zy'gttfnntico- 
temporal foramen. 
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The imtrTa:aipeTiar or m-biial iHtrdrr W smooth and contavc* Hnd forma n. conaider- 
ftblr pan of the ciKumfcrcncc of ihe orbital openfaji^n below and on the lateral side^ 
It separates the orhitol from the lateral sutfaerc^ The or tnaxiliaty 

sUt ia roUj^h and aniculates with the m^illa ; its medial extrtinil>' is poiritcd. and lies 
above the infra-orbitcil fornmen ; near the orbital margin it givea origin to i part of 
the levator Iflbi-i superioria. The p&Utr^iUp^rior or i^mpQnd hardt^ is curvedp being 
convene in ita upper and concave in its lower part, and ii continuous above with the 
posterior border of the fronial process and below with the upper border of the zygo- 
matic arch i it gives Bttnchmenl to the temporal fasda. A litde below the fronto- 
zygomatic suture this border frequently presenti a imalU rounded projcclioht lemi'^ 
the which can be fell easily throunh the skio. The puitm-wfrnQr 

border ofTords flttachruenc by its rough edge to the masseier muscle, 'rhe po^tfro- 
mtduil Iwr^ U Setmt^ for articuLatioo widi the greater wing of the spherinid above, 
and the orbital surface of die masillfl bdow. Between these two serrated portions there 
is usually m short, concave, nonarticulaT part, which fornis the lateral boundary of the 
inferior orbical iilssure. This nonartictiiar part is sametimes absent,f <tnd the fissure is 
then oompleted by the junction of the matiHa and the sphencild bone> or by the inter- 
pfflition of a amall sutural bone in the angular intcnr al between themr 

'i'he frutttal pro€w is thick and senated ; it articulaies above w^jth die ^y^gomanc 
process of the fronlat bone and behind wids the greater wmg of the sphenoid. On its 
orbital aspect, just within the orbital opening nod about t cm. below the fronto- 
2ygoTnatic suture, there is a tubercle of varying sbEC and fomv but present in 95 per 
cent, of sktillB (VVhitnall).* The temporal procea is directed badcwHTda and ends in an 
oblique, serrated manwrin whidi articuintes wttb the zygomatic process of the tcmpgral 
bone, and helps to fumt the lyifomatic arch. 

Osfliheation.—Tlie zygocnatic bone is fsssiiied from one cenirc^ which appears 
about the eighth week of intrettitenpc life. The bone is sometimes divided by a hori¬ 
zontal surufe into an upper larger,, and 
a lower smaller division. 

Tm DtFFEREKCES THE SkULL 
DUE TO Age 

At birth the skull is large in proper^ 
tiofi to the other parts of iho ^«leton, 
but the base is short and narrow in 
proportion to the vault: die facial por¬ 
tion 16 small and equals only about one 
eighth of the size of the cranium as 
compared with oue-half in the adult. 
The frontal and parietal tubera are 
prominent^ and when the aknll is 
viewed from above it presents a pKiiita^ 
gonal outline with its greatest M idth at 
the parietal tubera (fig, 375); on 
the other hand, the glabella, super¬ 
ciliary arches, and mastoid processes 
are not developed. Ossification of the 
skull bones is not completed, and many 
of them—e.g. the occipital, temporals, 
sphenoid, frontal, and mandible—con¬ 
sist of more than one piece. Unoa- 
aified membranous intervals^ termed 
Jontaitdkf, am seen at the angles of 
the parietal bones 1 these fontaadlea 
are six in number ; two, the anterior 
and posterior, are situated in the 
median plane, and two* the anierolatcraJ and posterolateral, on each side. 

The antm<ir /ojimwe/ 7 e (fig. 375) is the latest, and is placed at the junction 
of the sagittal, coronal, and ftontM sutures; it is lozengc-slmpcd, and measures 
about 4 cm. in its anteroposterior and 2^5 cifu in its transverse diametcri. The 

• S. E, Whimall, Tht of iht //unurn Orpif, iqii.^The Structure! Biudud lo th« 

tubefvic irt : fil Ike * cheek ligwnEni ' of tbc rectus bicniLij ; {2} part of the aponcurwi of 
the levator pfllpebrj; iupchOTia i (3) the suspei)»r>‘ JiRTEment of the cjcbaU 5 ami U\ ihe 
litcnl palpebral Jigiment- 


J 7 S-—'I'he skull of a new-bom child 
Superior aspect 
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PLATE Vll 



Rodic^nph pf the right ^hauliJcT, in ■ bo^i a^itd 11. AnlEro-ppatcnpr vicw^ 

Note the wide (Siap betiA'Ccn the lAEerKl end of the bane of the tiliviclc and the aci^nuan ; 
it U occupied by oiftibi^, not yet o»j5ed, and by the icromLa-cImviciiIar joints which 
cannot yet be Id^tified. 

1, Concoid process. 2. Ej^iphyseal pkte at upper end of humcnl diaphyiia. 
j. Acrorvunii. 4. Lateral end 01 cwvide, not yet oofn|iMely ooaifwd. 








PLAICE VI11 



Fic. i.^Ridiognph of 
iduJt elbow. Fmntil ^cW. 
l*hfl ftlmdqw of thfl okij^pivQO 
cztcf^iiA upwHfdfl to tbe ote- 
cTvnon fou« ifbd obscum the 
outline of the troclileA. The 
between the brnnenn 
uid the bofict of the fore- 
Mxm. occtipied! by the irti- 
Ojlir urtilflfie of the bonet 
cxkncemed 



Fjo, 2.™RiidjogFBpb of 

the elbow of 1 chihl, lued 
11 ycari. Fiontal ww. 'ftc 
upper cpiph^ofthe radiue, 
the epiphynA foa- the inedial 
cpicDfidylOp and the centre 
For the cflpitulum and laienl 
port of the tiochlca can be re- 
cojpiiMd without difliajity. 
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fiostmf/r fimtiinellr (fig. 375) is tmnguJar in form and is sitiwted at the jtinction 
of ihe sogitta] and lambdoid aunires^^ I'he anterolatc*^ and |>osterokteral fon^ 
landl^ (fig. 376) are amall, irregular in ahape, and correspond respectively with 
the sphcnafdul and maatoid Jini^Ies of the parietal bnnes^ 

The fontanelles are usually closed by the growth and extension of the bones 
w'hich surround them, but sometimes they are the sites of separate centres of ossifi¬ 
cation which develop into sutural hones. The posterior and anterotatcnil fontanelles 
are oblitecatcd within two or three months after birth ; the postemlatcral fontanelle 
h usually closed about the end of the first year, and the anterior fonlnnelEc about the 
middle of the second year. 

'fhe smallness of the face at birth Citn he attributed to the rudimentary condition 
of the jnandlbpeand maxilla;^ the non-emption of the tecth^ and the sinall atKe of the 
maxillary sinusL-s and nasal eavity. At birth the nasal cavity lies atmost entirely 
between the orbits, and the lower border of the anterior nasal aperture is only a Httic 
below the level of the orbitstl lloor. With the eruption of the deciduous teeth there is 
an enlargement of the face and jawj, and these chojigesarc still more marked after 
the second dentiiiorii 


Fig. 376,—l*hc ikdl of s rww-hern thild. Lattnil aspect. 
Aniefisr ItmlamiiU 



' I 


The skull grows rapidly from biftli to the seventh year, but the greater part of 
the increase of its cranial part occurs during the first year owing to the rapidity' of 
the growth of the brain in that period (p. 143). In the ba3c^ j^retr^A m ien^th occurs 
at the cartil agin oue joints between the sphenoid^ on the one hand, and the ethmoid 
and occipital bones on thr other, hut more cspedally at the latter. In the %'ault 
growth in length occurs at the coronal and lambdoid sutures. Growth in hreadth 
occurs at the sagittal and metopic (p. 333) sutures in the vault, and at the lower 
parts of the suture between the greater wing of the sphenoid and the squamous 
tcmp^inii, and at the fjceipito-mastnid suture and the pctro-fKicipiTal cartijaginous 
joint m the basw. Grotnfk Mi bright occurs at the frontiJ-;;ev^nmaii€ suture, the 
pterion (p. 3 ay), the squamosal suture and the osterion (p. 330}. 

The presence of the fontanelles allows for the initial period of very rapid growth 
and after their closure growth coniinues In tJie fibrous tissue of the sutural ligaments* 
Sections through the sutures in young skulls reveal the fact that the fibrous tissue 
along the middle of the sutural membrane remains highly cellular • but on each side 
it congiEits of parallel bundles of colbgenorts fibres which penetrate the autural 
margins of the bones^ forming Sharpey’s fibres (p* 25 )k Appositional growth occurs 

■ A- O* ly+t ! J - F. W'cinniimn and HiiTTy Sichers Soim otid 

Boflfs. Henry Kemptoo, l^eudfHi, W.C^ 1 * ig47- 
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at thegc margins a$ tnng as itie bones concerned continue to in surface 

extent. This lutuml growrtli Is not only sufficient to provide room for the esp^sion 
of the brain, but it h also sufficient to allow the bones to thicken by appoaiuotial 
gromh on bolh In the newly bom the cur\'atures of the front^ 

and parietal boncs^ especially^ arc much sharper than ilicy arc in the sdult 
(cf. fig. 375 and fig. 296), hui these bones become gradually flatter as they 
thicken^—apposiiion being greater in amount on the cerebral surface wliere the 
curves arc deepest—and so adapt themselves 10 the increasing growth of the 
brain in height. 

Lateral X-iay photographs of the skull of the same child from the age of 6 momhs 
to ft vcais • aupetimposed with the centre of the hypophyseal fossa as an approsi- 
mately fixed pointp show that the expsnsion of the cranium nesuhs froin, broadly 
apeakingp conccntiic growth 377)* ^ inferred that the general form of 

Fl«* 177.—Tracinsfi of the OUthFic ui the Akull of the Hamo child made finni Suteral 
X-ray photographs raltcn St different betwen 3 raonTha tO ]> Bfld 7. 

<7 0), u lodlatfd hi the BjpjrCr (Bepraduced by the coutte^y of Dt- A. G. Bfodic 
inil I he Editor of the American journal of Anatomy, Am. *dwnl., 6ft, 1941,) 



s&ta ihmi ih« ttCHcnl ihw* >!*■ iktill tw* niltrtiSy b«n diimiiiDid hy ihir cml o# ihc thinJ 
tfwntK lAil tiM rm^dLty of iruvnh li^ 10 tlic at thr ^nth- mwvik In trv^ina thr 

ralllb^ |he r ^FUf rt ^^1* ihe hjpofih^KU fuwita WH UMiJ At Jn ^TpECUtkfiilliilT' Sxed point. 


the cmiiium rtmaiiis unaltered so far aa its outline is concerned, and ia determined 
in the eariy part of the first year. Towards the end of the second year the mastoid 
process makes its appcaniOCCp and the tympanic ring begins to lengthen to form 
the bony port of the external acoustic meatus (p. 3Z7). As a result the styloid 
process and the stylomastoid forament which are mlativdy superficial in the newly 
bom child, become more deeply situated. At the seventh year the crihrifoitn plate 
of the ethmoid bone, the foramen magnum, and the petrous pams of the temporal 
bones have reached their full siie, and the orbiia arc only a little smaller than those 
of the sulnlt- Growth is alow from the seventh year until the approach of puberty, 
when a second period of increased actjsnty occurs: this results in an enlargement 
in all directions, but espectaUy in the frontal and facial regions, where it b associated 
with the eruption of the permanent teeth and the correlated increase in size of the 
mixillory and frontal air-ainuBcs. 

Obliteration of the sutures of the vault of the skull takes place as age advances. 
It ma y commence between the ages of thirtii’ and forty on the iimer surface^ and 

* A. G. Brodw, Amtf. 7- Amt., 68, Ig4t S J- P. Weinmin and liarry “ii^cber. Bom mui 
Bout§, Hmry Kcrnplcm, idOnclaui r, 1947* 


I 



















THi: SKX DIFFERENCES IN THE SKULL 


355 

about ten ytarj later on the outer surface of the skull, but the dnics at which the 
sutures close are subject to great venations. Oiiliteration ueually esecura Jirst in the 
lower part of the cortmal suture, ncKt in the posterior port of the sagittal suture, and 
then in the laniSdoid suture^ 

In old ugc the skull generally becomes thinner and lighter, but in a srmll 
proportion of cases it Increases in thlckne^ and weight. 'ITic most striking 
feature of the senile skuU is the diminution in the si^c of the mandible and maxilla; 
consequent on the loss of the teeth and the absorption of the alveolar pro- 
ecs^B. This is associated with a marked reduction in tlnr vertical measurement 
of the face and with an alteration in the angled of the mandible (fig. 313) 
atready described (p» 309]« 


The St 3 t DiFraiENces is SktiuL 

Until tf^e age of puberty there is little difTercncc between the skulls of the two 
ficxes. The £ku 1 l of an adult female is as a rule lighter and smaller^ and its capacity 
is about to per cctiL less, titan that of tlic n^lc. Its wnlls arc thinner and 
muscular ridges less marked; the gbbcUa, superciliary arches, and mastoid processes 
are less prominent, and the corresponding air-stnuses are small or rudimentary^ 
'Hie tympanic part of the temporal btme isamalkr and its margins loss roughened 
than in the male. 'Hie upper margin of the orbk is aharp, the forehead vertical, 
the frontil and parietal tubtra pronament, and the vault somewhat flattened. 
The contour of the face m rounder, the facia! bones arc smoother^ and the mandible 
and maxtlbe and their contained teeth smaller. Speaking generally, more of the In¬ 
fantile characteristics are retained in the skull of the adult female. A well- 
marked male or feinak skull can easily be recognised as sueh^ but in some skulls 
the characteristics are so indistinct that the deicnnination of the sex may be 
difficult or impossible." 


Tlic skulls of the diffc^rcni races of fneti show^ vndmions in size and 
shape and their siudy consiitiitee the vubjeei qf craniulo^y^ which ii a branch of 
Bnihropoln«>% The details of the rncBBurementa used will be found el 4 cwrhcrc,t hut it 
may be noted tliai the capacity of the cnmial cavity Ttcecssarily gives a good indication 
of the aize of the brain which it contained. Tive cranial capacity of fiie average male 
European excL-eds 1450 c. cm. and is classified a 5 m^a^ephaHc. 

The proportion of breadth to length of skulk “TcngS~~* constitutfs the c^phafk 

indfx, and skulls are classed as br^ithyttphaiic when the index is above £0, as mr-fo/f- 
ctphaiic whcti the index is bemeen 75 and So, and as dntirJKKfphnik when the index is 
below 75. Most Eujtipcan skulls fjtll into the middle group. Many other indices have 
been explored and their results Tabu luted, t They provide date concerning the shape 
of the orbital apermte, the nose, the forwand projection of the jaw^ etc, fnr the diffenent 
races, 


Applied .dFwifOHjy.—“llie chief funcrion of the skull is to protect the brain, and 
therefore those portions of the skull which are most exposed to external violence are 
thicker than those which are shielded from injurv' by nvctlyEng mupeles. Thus, the 
skull-cap Is thick and dense, whereas the squamous temporal, being pmtected by the 
tcmpinral muscles^ and the inferior occipital fossxn being shielded by the muscles at 
the back of the iicck^ are diin and fragile. Additional features w'hich tend to prevent 
fracture of the skull are iu clasticrty, ils iminded shape, and its construction of a 
rionibcr of secotidoni^ dastic arches, each made up of a single botie. 

Ttie most common place for fracture of the base to occur ia through the middle 
fu$sa, and here rhe fissure usually takes a fairly definite ocnirsc. 55 tarring from the 
point struck, which is gEtierally somewhere in the neighlyourhcHid of the parietal 
tuber, it runs downwarda through the parieral and the iquamout temporal and 
dcrcHs$ the petrous portion (PL frequently traverain^ and implicating the 
internal acouatic meatus, to the foramen laccnim. ^Ilie courae of the fracture ex^ 
plains ihe symptoms to which fracture in thiiS region may give rise : tbua if the 
fissure pax$es xemsa the intcrnnl acoustic mcatua injury to the facial and eighth 


* F. C, Farsons md M. F [.ucaa KcctiEtJ- Arnt.^ 54, iqi^. 
t NV. L. IL Duckworth, MofphA*m' *t^d Cambridiie Univmity Preis. 
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ner\cs mfiy rtsuli^ with conicmitJnt fatiiil pani1>-3i» pinJ dtmfncM j sf the 
extends thitniBh the scmiciixiilpf ducti i^tddmt^s will be cjjnriplasfled of, especially 
on turning the head ^idewayfl i or the lohular prolongation of the arachnoid arounii 
the nen'cs in the meatus may be lom and thus pemnii of the wape of the cerebro- 
apin^ llLiiJi, should theft be a communiait ion bel^ wjn <hc mtemal ear and the 
tympanic cavit^' to^eiher with rupture of the tympanie incmbnmet as J5 

the CBiC, H ^ 

'I'he bones of the face arc aomctimeis fractured as ihc rcauli of direct violence. 
Those most eonimonly biT>kcn arc the nasal bones and die mitndibic ; the latter is by 
fur the moet frequently fractured of all the facial bones. Fracture of the naml btmt ia 
for the must part transverve^ mid rakei place about 1 ^ 2 $ ent' frorn the free margin. 
The broken portion inay be displaced backwards or more generally to one side by the 
force which produced the lesion^ *l*hc moat common situation for a fractiire of the 
mariJihU is in the neighbourhood of the canine tnotht as at this spKJt the bone is 
weakened by the deep socket for the root of this tooth t it is next most frequently 
fractured at tlic single. Occasirmally a double fracture may occur, one In each half of 
the bone. The fractures are usually coinpound, from lnc4.>niiion of the mucous 
membrane covcritiff the gums. 


THF LIMBS 

The upper and lower limbs are constructed after a eoinmon ty pe^ but the difTcr- 
cut functions for which they have become adapted in man have led to siruciural 
difFcrcntxs of a very dctkiite kind* Each limb has a girdle* whitli connects it to the 
trunk* and three segmenB. The lerminal segnicni in the upper limb is the hand 
and Ls spcclidly adapted for prehenaion. In the tower limb the Ecrminal segment is 
the foot and is primarily adapted to coii^dtuic an efficient supporting base for the 
body in the erect attitude* but it is, at the same dme, oonstructed in such a manner 
as to facilitate locomotion {p, 5+j)p in order that ihe full bcuclit of the prehensile 
ehanaclcr of the hand may he obtained* the living upper limb is cliaractcriscd by tlie 
wide range of movement W'hkh it enjoys—in some situations, the shouldcr- 
Jointp actually at the expense of flUibility. In ilic living lower limbp on the other 
hand, the dcniand for stability la the prime factor, and stability h assured* even 
although some degree of mobility may be sucriheed for the purpose. 

The bones by Vi'hicb the upper and lower limbs are attached to the trunk con¬ 
stitute, respectivelyp the slmtilder and ptUic girdles. Tlic shntildet girdle^ which is 
farmed by the scapula md the clavides, h deficient both in front and behind. Tn 
front, however, it is completed by the upper end of the stemum, with whleh the 
medial ends of the clavicles articulate. Behindp the scapuhe are separated from 
each other hy a wide gap and arc connected to the trunk by musdtisi uniy. Thtpehde 
girMe is formed by the hip boneSp which articulale with each otJier in front at the 
pubic symphysis so that the girdle is complete anteriorly* Posteriorly the girdle is 
incornplctc* but the gap is fUled by the upper part of the sacrump with w hich the 
hip bones articulate* The peUHc girdle, with the saemm* forms a complete ring, 
massive and comparadvcly rigid* tn marked contrast with the lightness and mobility 
of the shoulder girdle. 


THE BONES OF TFIE UPPER LIMB 
THE SCAPUI^A 37-?. 3«o) 

General ftatiires.—The scapula is a large, fiattened, triangular bone which 
lies oTi the postcrelateral aspect of the chest wall, covering parts of the sccotid to the 
seventh ribs. It presents for cicamination costal and dorsal surfaces* upper, lateral 
and medial borders* inftrriorp superior and latenU angles and U^ree l^ny processes, 
viKm die spine, ita continuation the acromion, and the coracoid process. The 
/o/rrof angle is truncated and bears the glenoid cavity for articublion with the head 
of the humerus. This part of the bone may be regarded as the head, and it is con¬ 
nected to the pbte-lihc body by an inconspicuous neck- The long ax ls of the scapula 
is nearly vertical and rite relatively featurclessciirfa^siirfacc can easily be distingubhed 
from tlic surface* which is intemipted by the shelf-likc projeciiofi of tlie 
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apinc (fig. 383 ). The bone is v^ry much Thickened in the immediate neighbourhood 
of the Lateral border, which runs from the inferior angle fipW, to the glenoid 
abov^. The fittidcnt now sufficient informaiiDii to enable him to assign a 

given scapula correctly to its appropriate side of the body. 

The rojfof r«r/d« '(f3g* 37 S)* which ib directed mediaily and forvi ards when the 
arm is by the side, is slightly hollowed out^ eapccioJly Ln its upper part. Near the 


Fic. 378.-^Thc nght fcapula. Costnl aspect. 
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Jatcral border k prcaenls a longitudinal, rounded ridge, atout and salient in the 
neighbourhood of the neck, but becoming less prominent below, which is separated 
from the lateral border by a narrow, grooved ama. The darful ittr/ace (fig, 379) is 
divided into n smolter, upper area and a larger^ Lower area by a shelf-like projection^ 
termed the sptnf of ihf urapuia. These two areas commuaicate with each other 
through the tpinf^ienoid which Ues betwcco the free, lateral border of the 

spine and the dorsal aspect of tiic neck of the bone. A Battened stript for muscular 
attachmentSp marks the dursal surface along the lateral border. 
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llic border of the scapula iotim a aliarp, roughened ridge,* svhieh niiis 

sjniinuAly from tlte inferior imgle to the glenoid cavity. At its upper end it ividctis 
inio a rough, somewhat triangular area, which termed the tuhmk 

(Hg. 380), Throughout its whole length the lateral border thietdy covered with 
muscles and cannot he fdt saiisfactorily in tlie living subjccr. The medial border of 
the scapula extends from the inferior lo the superior angle. In its lower two- 
thirds this border can easily be fek through the skin, but its upper third is more 
deeply placed and caiuiot be piJpated in the normal aubject. The superior bt/rder^ 
thin and sharp, is the shortcut of the three bordeca. At its anteroiateruL end ti is 
separated from the root t»f coracoid process by tlu: tupraseapalnr mifU, w hich is 
converted into a foramen by the suprascapular ligaoTcnt. 

The iii/erioT angle lies over the seventh rib, or over the seventh intercostal space. 
Tt can be felt through the skin and the muscles wdvich cover it and, when die arm i$ 
raised above the head, it can be seen to pass forwards round the cbcsi wall *rhc 
superior angle is pkeed at the junction of the superior and medial ivotdprs, and is 
obscured by the muscles which cover it. The litUral angle is truncated and broad¬ 
ened. k constitutes the head of the bone* On its free surface it bears the glenoid 
tavll^ for articulation with the head of the humerus in the shoulder-joinL When 
the arm is by the side the glenoid cavit)- faces forwards and laterally and slightly 
upwTirds. Very gently hollowed out, it Forms a pCM^r socket for ihc humcnl head* 
It is narrow above and wider below’, and ia therefore pear-shaped in outline. 
Immediately above the glenoid cavity a sjunli roughened area encroaches on the 
root of tlxc eoracoid pmecss and is termed the sapraglenoid tubtrde. The mck of the 
scapula is the constriction immediately adjoining the head, U can be idendhed 
most cstsily on its inferior and domal aspects. Ventrall)\ it can be regarded as 
extending betw^een the infraglcnoid tuberde and the antcricir margin of the supra¬ 
scapular notch. 

I'he spine of the senpula {% 379) fomis 3 shelf-like project ion on the upper part 
of the dorsal surface of the boncp and is triangLilar in shape. Its lateral border is 
free, thick and rounded and helps to bound the spinogXenmd noteh, which lies be¬ 
tween it and the dorsal surface of the neck of the bone. Its anterior border joins 
the dorsal surface of the scapula along a line which runs laterally and slightly up¬ 
wards from the junction of the upper and middle thirds of tlic medial border. It 
should Ix! noted that the plate-like body of the bone is bent along this line, ;tnd this 
fact accounts for the concavity of the upper part of the costal surface. The third 
border is often termed the crest of the spine^ and is subcaianeous throughout nearly its 
schoU extent. At its medial end the crest expands into a smooth, triangular area 
Elsewhere the upper and lower edges and die surface of the crest arc roughened 
for muscular attachments. The upper surface of tlie spine widens as i i is traced bter- 
ally, and is slighdy holloAvcd out. Together with the upper area of the dni^al surface 
of the hone, the upp«r surface of the spine forms the suprmpinous fosso. llie lower 
surface is overhung by die crest at its medial, narrow end, but is gemlv convex lu its 
wider, lateral portion. Together with the lower area of the dorsal surface of the 
bone, the lower surface of the spine forms the infrmpinaus fossa^ which communicates 
w ith the supraspinous fossa through the spinoglenoid notch. 

The acromion projects freely from the lateral ciul of the spine, with which it is 
continuous. Its long axis, however, docs not coincide w'ilh that of the spine but 
makes an angle with it of rather more than The lower bordef of the crUt oV the 
spine becomes continuous with the lateral border of the acromion at the acromial 
angle, which forma a aubcutaneoiis. Evony landmark- The medial border of the 
acromion is short and is marked anteriorly by a small, aval facet, directed upwards 
and medially, for articulation with the lateral end oFthe cbviele. The lateral border 
tip and upper surface of the acromion can all be Felt through the skin without 
difficulty. 'Hic coracoid process (%* 379) springs from the tipper border of the head 
of die scapula and is bent sharply so as to project forwards and slighdy iatcrallv 
the arm is by the nde, the coracoid process points almost straight forw^ds and its 
slighdy enlarged tip can be felt through the skin, although it is covered hv the anterior 
fibres of die deltoid mufidc. It lies 3 5 cm. below tlx junction of the lateral fourth 


* 'ITw Uicral border 11 ofieo deicribcd » n thicit tMjrJrr. but «uth a dracrintion cncludti 
I a the tw^rder ihv ^rwyed, tulenil purl of the owt 4 tl surface and, freituentlv the fbEttrird 
abn^w iBtcml part of thr dorwE The actiwl border, it d«r|y defined 

on the hone aa. a nt.rTOW, muithctwd nUKc (fig- 3 ^ 0 ), ^ 
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of the clavicle with the rest of the bone, 'rhe aupraglciioid mberde marks the root 
of the coracoid process where it adjoins the upper part of the gknoid cavity* 
Another impression is placed on the dorsal aspMjet of the coracoid process at the 
point where it changes dirccdon. This gives attachment to the conoid of Ac 
comcoclavicular Jigamcnt^ which will be mentioned again in cotmexion with 
the clavidc. 


FlO. 370 »—^*nic riijht icapula. Dorul upeet. 
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Particular feature^+^l^c costal uiwfau gh'cs origin to Ae subsciipularia inusde 
(hff- 37l^)p which iriBvs foim nearly the whole of this aspect includb^ the grewfved area 
immediately adjoining the Latcml border and excluding the area adjoining the ftcch of 
the bone. Small intrsniU 4 Cular tendons arc attached to the roughened ridges which 
subdivide Ala surface mcompletcly into m number of smooA nreas. The anterior 
aspect of the neck ii separated front the subscapulom muscle by a bursd protnision 
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of (he ^jrnovial membrsne of the shoiildcr'jorrUK Near the mferior angti; a sotnewhAi 
ovhJ MfcM ^ivd btiseniQn lo the lower fi%c or sLk of the &rrratus ulterior (fij;, 

378). The remAin<ler of the miisek k in^wited into a narrow strip alon^ the venlral 
Raped of the medial border^ wbick wider above, wheix it receives the lat^le fitsr 
lii^tatlon. The rounded ^ Longitudinal rtdge near the Intemi border corresponds tc 
lof^iscd thickening of the bone nnd provides a lever of the neces3ar>' strength 
enable the serratua anterior to rotate the scapula forwards. In this rngvemc] 

upper limb is raised from the siac 
Fig. jSo.-^ThE left scapuld. Jjmeral aspect. sod carried atKJvr the h^i\ against 

the atiion of gravity, and it is this 
Utter factor which calls for the 
provision of a strong lever. 

On the di^rmt Uie supra¬ 

spinous fossa in itsmedkl tWEMhii^ 
givea origin to the supmspinatus, and 
its murgins give attachment to the 
fASeia which covcTSihc muscle. ^Vhr 
fl^icteoed strip adjoining the lateral 
border gives origin, in itn upper mo- 
rhirda^ to the tcrt* mionr muscle and 
groqvcdf near its upptr end, by the 
circutnfiejt scapy lar vesscU, which pass 
f- GJt^md catU^ between the muadc and the bone as 
they enter the i nfra-spinuus fossa (fig, 
37^), The lower limit of the origin 
of the lers minor U indicated by an 
oblique ridge, which runs fmtti the 
lateral border to the neighbourhood 
of the inferior angle and cuts off a 
somewhat oval area for the origin 
of ihc tcM majer muscle. I'hc dorsal 
aspect of the inferior angle may give 
origin to a small slip which Joins the 
deep surface of the larisstmus dorsi. 
With the estceptiofi of an area near 
the neck of the bone, the rest nf the 
infraspinous fossa, which is hollowed 
out ktenilly but U convert mcdtslly^ 
gives orijiin to the infraspinatus 
muscle. The strong infraspiiUiiiis 
fascia pjy^es on to the teres mmor 
and the terrs major and sends fascial 
partitions belween them to te^h the 
bone along the ridges which marit 
the limits of their attachments. 

The border separates the 

origin of the eub^eapularis from the 
origins of the tetta minor and the 
teres major. These muscles project 
laterally beyond the bone, and 
tPKctber with the latissimus dorsi 
I^QvcT it so completely that it cannot 
^ fell through the skin. T^ 
infmgli-'noid tubercle gives origin to 
the long head of the tricep^ hrachii 
muscle^ The mcdiW bt^rder is chin 
and often angled opposite the nxit of the spine. A narrow strip, extending from the 
superior angle to the root of the spine, gives iciscTtion to the levator seapulor musch. 
Below this, and opposite the Tootof the spine, the rbombnidctis minor gains insertion, 
'["he remainder of the border provides insertion for the rhomboideus major (p. 614), 
^fbe border of the ocapula is thin and sharps Near the suproaeapular notch it 
gives origin to the inferior belly of the omohyoid musclci and the posterior limit of the 
notch gives attachment to the suprascapular ligament, which ia sometimes ossified. 
The fuiwmcn completed by the ligament tnmamita tbc sup rascapula r nei^ e to th e supra¬ 
spinous fossa^ whereas the suprascapular vessels pass backwrards above the 
ligament 

The inffHof angh of the scapula is covered on its dorsal aspect by the upper border 
of the latls^imus dorei muscle^ which frequently receives a small slip of origin fmm this 
part of the bone. 'Hic tup^iar itngU of the seapula h cc5\'ered by the upper part of 
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Fic. 1.—KfldioEnpH of «lbow of h duH lo ycm, 
L^tcnl view, ilie upper epiphywj of The mdhiA, the ojt^cnuuHi 
epi^hyiii And che cenUc fnr mt cApinil^ mtl the Uteral pirt flf 
the trDchlca ^aa ^ recoRniut) v^ithout diflicuit)^ 



Fio. a.—Kadkkgrmph of «n adult hmtkd* 
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Fig. t.—Ridio- 

^ph of the hAfid 
MiidwrUtof A child, 

■Jted si ycift. The 

capitsie And h«m- 
Ate bfibn Arc in pi»- 
CM of wifIcatiDn, 
bkjf the other ccrpiJ 
bcncA VA vtill ami- 
leginoua. The cen¬ 
tre fbr the hcAd of 
the utn« hu not 
yci ippared, but 
the centte for the 
tower epiph^ of 
the rmdim li pre- 
Rent. Note the oon- 
dibon of the metA- 
cArpcl bcMicA And 
phclen^. 


Fic. i,—Ridie- 
^nph of hind And 
v^Tiet of B child, o^d 
It yema. All the 
centrtA of pulEca- 
tion ine present ex¬ 
cept ihAt for the 
pitirorm bone. Note 
how the hf« iTi«tA- 
ccrpAl daCeia franj 
the other metcesr- 
pil honcA. 
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the trapezius mustlc- Tlie truncated iaterni nngl^ beam the glmoiJ the morj^Lns 

df which give attachment the glcneidal kbrum. The surf&ce of the cavity ia covered 
With a ln>'cr of hyaline articukr cortiLiige^ which i& tJiiiincAt at the ccjitre and thickest 
at the periphety. Its anU'rior margin gives sttaLbrneni to the glenohumeral lig^nents 
(p, 484). When the arm Is by the aide the cavity is dircctcd forwarda, laterally 
and slightly upwartia IVlicn the arm it raised nhofvc the head if is directed alnifkst 
straight upworda. 

lise tpifv 0/ the rcapuhi gives attachment by its upper anti lower an rface* to the 
supra- and infraspinatus muacks, respectively p The flatten^* triangular area ot its 
root lies opposite the spine of the third ihurnL^ic vertebm and is covered by the tendon 
of the trapexiu^i, a buma tnicrvening to ennbk the tendon to piay oyer this part of 
the bone. The lower border of the crest give* origin to the posterjin fibres of the 
dchoid muaclcg w^hich often pmduce an elongated tuWtelr In this situation. The 

Kio. jStD .—The laxcfwl aspect of 
the SeJt scopuis, thowing Bceohdiafy 
Fio^ —A plan of the osaificotinn of the centres af pasilicariaitr Setni- 

tfcapuk. dingramnuitie. 




A—cnttnfp awvi >■! r™r: ^5^ 

yein ¥, l>«isl acrpmUl e*iwrt ippww Tfiih yesr. 
J, Kramiil sppmji 14*®' 3 fWn 

4 . centra for iniiirwr apiUMfi i jtft yepi". jtni^ Mih- 

ijtlL y«r. j. twowJipl bt^nlEf appws i*rmycm 

^jju ymr- 


B—-J. DbllJ ■Crwpisl tenlir, 

ynr. 4 - t-mtre fcf tnimor 
aedkappwi c 
y^mf. fr. Cefrif« fcr rim of 
'CAvityp fp ^ub^onA^kl e-^irTn wbicli 
n vtfy variible jn it» ■ive. 


Upper border of the crest receives the inaertion of the lower fibres of the trapezius, 
which often encroach on the dortal or subcutaneous aspect of the crest, especially 

near the mol of the spine, . . , ^ ^ . _i 1 1. 

The ^cTiymion iS nubcutoncoufi over its domol surface, t>cmg coveted only by the 
skin and superficial fascia, 'Il^e lateral border, which n thick and irregukr, and the 
tip of tlie pmec^r bir round bji the clavicular fftoct, give origin to the middle 
fibres of the deltoid musde. ITie medkl aspeet of the tip gives aitBchtnenl. Ulow 
the deltoid, to the lateral end of the coraco-acromiol ligortient. The hnicukr 
capsule of the acTunuo-clavicular joint is attached djnound the inor^ins of the cLavicukr 
facet. Behind the facet, the medial border of the acromion insertion to the 

horizontal fibrra of the trapezius muaclen The infcnor ^pect of the acromion is 
relatively smooth, and trJgether with the coraco-acromial iigetment and the coracoid 
process formi a protective amh over the ahoulder-jolnt- The tendon of the 
supraspltiatus posses below the 0%'cihansdng acromion and b separated fmm it and 
froro the deltoid muscle by the subacMnial bursa. 

llie i^oratotd protest lies below the clavicle at the junction of the lateral fourth with 
M1 g.a. 
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ihc Rfflt of thtL bone and i& ccnnccti^ to ita under siirfajcc by the eoraco-cljivieuljir Hga- 
mmtt. The fltlachmpnt of the cunold part of the lijr^nicot Jiai already been con¬ 
sidered {p, 359) ; the trapezoid part is armehed 10 the upper Bsptxt of the horiiootal 
part pf the process {fig, 378)+ 'rhe EuperiDr aspect of the procea^ reedvefi also the 
insertion of live pecioralis minor muscle. Its lateral border giv'es attachment to ihe 
wider, medial end nf the comiciii-acroniial ligament and^ below that, to the eoraco- 
liume ral tigarneni. ITie cfdnrged tip of the prtMicss gives origin to t he coracobrach iulis, 
mediidL\ and tn the short head of the biceps, laterally. It is covered in life, by the 
ajilerior fthre? of the deltoid muscle and can Ijc identihed only on deep pressure 
through the Isrera] border of the infraclavicular fossa. The inferior aspect of tlic 
ptTKTes^ iff smooth and he|p« to complete the coracrKacrLanial nrch. 

Structure.—The head, processes^ and thickened parts of the acapuk contain 
apongv^ substance ; the rest consists of a thin la^'er of compact hone. "^J'hc centml part 
of the aupraapinuiis fossa and the greater part of the infraspinous fossa arc thin i imzcb* 
sionally the l^ne is wanting in these situations, the gaps being fhled by hbrous tissue. 

Dsslflc^tiw (fig. 3Si),”Thc scapula is ossified from eight ormnre centn^ : one 
for the body, two for the corac^^id process^ two for the acmmion^ ope fur the incdiBli 
hurdet^ one for the infedor angle and one for the lower part of tJic tim of the 
glenoid cavity. 

'rile centre for the body appear^ in the eighth week of Intraulerine lifti, and spreads 
to form an irreguJar {Quadrilateral plate of botic^ immediately behind the glenoid 
cfiviry. This plate forms the diicf pun of the bunep and the spine gmivs hnekwards 
from It abis^ut the third month. At birth, the glrnojil cavity, coracoid prt^e^s, actoui- 
ion, medial border^ Etnd inferior angle arc canJIaginoLis. In the Jirst year of llfe^ 
drsaification begins in the middle of the coracoid priKcss^ and this pmces^ Jniris^ th^ 
rest of the htjiic about the fifteenth year- Heiween the tenth and twentieth yeara 
ossification of the remaining parti takes plnccH usually in the following order : first, 
in the root of the coracoid process (subcoracoid centre) ; scc<md. near die base of the 
acromion ; thirdp in the inferior angle and contiguous part of the medial border i, 
fourth^ near (he cxtreinity of thr; acromion ; fifth, in the medial border. I'he base of 
the Bcromion is formed by an exteneiun from the spine ; the rest of the acmniinn is 
ossified fmm two cerLtres which unite, and then join the extcnsiirtn From the spine l 
T he upper cine^third of the glenoid c^iviiy is ossified from the subcoracchd centre, 
wliich appears between the tenth and eleventh, and ioins briween the sixteenth and 
the eighteenth years. Further, a horseslnic-sliapcd epiphyseaJ plate appears for (he 
rim of the lower part of the gknoid cavity about puberrt’ ; thicker at its perlpliero] 
than at iiscenir;al margin, it convem the fiat glenoid cuvhy of the child Into the gently 
concave fos^a of the adulL Tlie tip of the coracoid process fmqucntly has a separate 
centre. Theite v-ariau?! epiphyses are joined to the hone by the Twenty-fifth 
year. 


TUE CLAVICLK (figs. 382.383) 

Geocrai feature^.—The clavicle lies almost horizont;illy at the root of tlie 
neck and is suhoftmt^HS ihronghout lit whoft fjclmi. Its most important functions 
arc; (i) to act w a prop which braces back the shoulder and enables ihc limb to 
awing dear of the trunk : and (2) to transmit a part of the weight of (he limb to (he 
[Lxjai skeleton, in thia w-ay diminishing the muscular ctfort required for lliat purp(>ae. 
The lateral or /tcromieil eftd of the bone h tiaiicned and articulates with the medial 
side of the acTonuan, whereas the medial ot end is enlarged and articulates 

with the clavicular notch of the manubrium steml. 'Fhc skaff is gentfy curved and 
in shape resembles the italic letter/, being con vest /vneards in its medial portion and 
concave forwards in its lateral portion. The tfl/mW aspect of the intermediate tltird 
is grooved in its long axis. The student h now in a position to refer a given clu^iclc 
correctly to its appropriate side of the body* 

I'hc lateral one-third of Ute clavicle b fattened and lias a superior and an 
inferior surface, limited by an anterior and a posterior border* 'Ilic onterwr hord^ 
is concave, diinand roughened and may be marked by a small lubcrdc, termed 
tiic dtitfdd iuhercir. The {HfSterifjr border, als^j roughened for mustular attachments, 
is convex backwards. Tile m^ior surjace is roughened near its margins bu( \a 
smooth centrally, where it can btr fdt through the skin. The Wrr sur/me presents 
rtvo obvious markings. Clo^ To the posterior border, at the junction of (he lateral 
onc'foijrtb with the rest of the bone, a prominent tubercle gives attachment to the 
conoid part of the conicoclavicular ligament and is termed the conoid laberdc. 
From the lateral side of this tubercle a narrow, ruughcnvd strip runs forw^ards 
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and latcnilly, rebelling ii^ Ur as the acrominl end {fig* 383)* It is lermed the 

/rVie and givc^ atlachniem to the tmpezoid filament. 

The medial twcMhirda of the shaft of the claviele^ uhich is cylindrical or 
pH^mcid in fomip usually possess four surfacea,^ but the inferior surface is often 
reduced to a mere ridge^ The iiittenor Turface is roughened over most of its extent 
but it is smooth and rounded at its lateral end^ where it forms the upper lx>unilary 
of the ii^fravicular hissa (p. 616). 'fhe upper iur/ace, aUo^ is fougliencd in its medial 
pnn and stnooih al its latend end. "Vhc posterior surfacr is sTtnxiih and feature Jess, 
'['he iVf/cTior iurfuce is marked^ near ihc sternal end, by a rotighened impression, 
which is often depressed bcloiv the surface. This gives attachment to the costo- 
clavicular ligament^ which connects the clavicle to the upper irurface of the first rib 
and its cajtilagc and fielps to iiniix its nmge of movement. The lateral half of this 
surface show's a groove in the long axis of the bone. 

The flattened acromia! end of the clavicle presents a smaJl oval articular facet, 
wliich articulates widi the medial aspect of the acromion at the acromloclasucuLir 
joint, ^rhe facet faces lateralEy and slightly downwrards.. 

Tile stemai end of the clavidc is directed medially, and a little downwards and 
forwards, to articulate with the clavkiilar notch of the manubnum atemi. The 
sternal surface is quadrangular (sometirnes triangular) in form^ and its uppermost 
part is slightly roughened for ligamentous attachments. Elsewhcrcp in a normal 
bone, the surface is smooth and articular and it is carried round on to the iitfcrior 


Flfl^ jjSu.—'ITic ri}*ht cltvicKc, View<MJ fRim above. 
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surface for a short distance, where it articulaies with the first costal cartilage. The 
sternal end of liie clariclc projects upwards bevond the manubrium sterni and can 
be felt without difficulty in the lateral wall of the jugul^t (suprasternal) fossa* 

Particular features.—'Phe laiend one-fhird of the shaft gives aEtnchmcnl to ih^ 
delnsiLl miiscSc by its anterior border and to the tmpei^ius muscle by its posterior 
btjrdcr. Borh inu!)cles encm^ch on the upper surface. The cciracTOcInvicular Ifgamcnl 
attached to the conoid tubercle snd the tnipcxold line {fig. 3^3). rransmits a large 
part of the weight of the upper liinb to rlie clnricle. Thifi iveight is counteracEcd by 
the tllnt^^ ^if the trapezius itiusclc, which supports the lELtetuI part of the bone. Frutti 
the ennoiti lubcrcle the w'cight h Tranamitled through the medial two- thirds of The 
shaft 10 teach the axial !i|{e!eEun. Fracture nf the clavidr medidl to the conoid tubercle 
inlt rrupts the tine of weight tninsTnisEsion, so that practically the whale weight of the 
limb has To be supported by the tmpea^ius. The muscle Is unable to meet the demand 
and the limb therefore drops on the sfrected side. 

The /tiediai iu^lhirds give aitathment anlcrioriy to the clitriciilar hcadi nf the 
pceiuniK^ msyor muack* snti, e» a rule, the area is dearly indicated on the bone. The 
clavicular he^id of the su momastoid arises from the mediat hdf of the upper surface, 
but the nurking rm the bone is nol virr>' eounpicuoiis. The smooth, posterior surface 
ii dcv^iid nf museukr attachmeitot except at its lower part immediately adjoining the 
sternal end, where the lateml fibres of the ftternnhyoid arise. Meilially^ this nurface is 
related to the lower end of the internal jugulur vein (from which it Is Separated by the 
sternohyoid muscle), the tcrmjnatian of the subclavian vein and ihe cammcrn.-emcnt 
of the b!Tichi<icephalic (itmominate) vein. Morr lateral ty, it arches in front of the 
trunks of the braohia] plexus and tht third part of the subclavian anery, 'fhe supra¬ 
scapular vcsscli hTV Tclaied to the upper part of thia sutface. 11 ‘ic inferior surface 
gives insertion lo ihc subclsviu^ muscle in tht subcLavian groove (fig. 383), and the 
edges of the groove give attachment to the clavipectoral fascia, which encloses the 
mti^de. The poiteriur Itp of the groove runs into (he conoid tubercle and <rarTtes 
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the fnficin liiia continuity' with the conoid ligament- A nutrient fottunen k f-rautid in 
ibe lateral end of the groovep ninnin^ in a lateral diTeeiion. I’hc nument artery 
concerned is derivetl from the supmacapular artery* 'rhe impression for the costo* 
clavicalar ligament is very^ variable in its characicr. 

Tire marijitis of tlic tirtieular facet at the aiTvmiaf tnd give attachmeni to the 
articular capsule of the acminiocloviculaT joint- 

Tbc roughctied^ upper part of the Henta! tnd pTrn idta attachment for the inter- 
clavicular ligament, the arricuLar capsule and the artlcuLir disc of the stemuclaviculilT 
joint. The ttcmnl autfaec, denuded of its articular cartikf^c, la rarely smooth and \a 
usually Erttgular and somewhat pitted. 

[n a woman, the da vide is shorter, thinjicr, less curved and snuxather than in 
a xnan. In women the acromial end is a little below' the level of the sternal end ; 
in men it is on a level tvtth, or slightly higlitr than, the sternal end. In those who 
perform hard manual labour the da vide is thicker and more curbed, and its rtdges 
for muscular attachment are better marked. 

Siructtire,—The davide consists of spongy' substance, enveloped by a layer of 
compact bone wbicli is much thicker in the inlcrmcfljaije part of the bone than at 
the ends. Unfik^ idh^r long htmrf iV dofs tioi fmsta a mrdutlary cavity. 


Fio. sSj.—Thc dffhi eld vide. Vicw'ed from bitlow. 
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Ossl^catEon.—The divide begins to ossify before any other bone in the body, 
and is ossified from three centres, 'rhe shaft of the bone is ossified in membrune 
from two primary ccftlrea *—a medial and a lateral—which appear between the 
fifth and sixth weeks of intrauterine life* and fuse about the forty-fifth day ; a 
secondary centre for the sternal end appears about the eighteentlt or twentieth year* 
and unites w 4 th the body of the bone about the tvven^-fifth year, A secondary 
centre sometimes develops In the cartilage at the acromial end at about eighteen to 
tw™ty. The epiphysis so formed is always amail and rudimentary and rapidly joins 
the rest of the bonc,f 

In a 14 cmhir>'o the future da%*icle h represented by a band of mesenchyme 
which extends from the sicrnmion of the scapula to the tip of the firei rib, and is 
continuous with the rudiment of the sternum. In this band a medial and a Lateral 
mosa of * precartilagc ‘ t* developed^ and In the mcscnchvme inten'cning btiweim 
them the two centres for the body of the bone appear and ssion fuse with each other. 
The stemnl and acromial pprts of the precartikginours masses arc converted into 
cartilage, and into this the ossification of the body of the bone extends. 

The primitive reptilian shoulder girdle comprises a dorsal cfenrtent—the scapula— 
and tvi'o ventral elcmentfl* of which tlie anterior (hejidward) is the pTcCrjracoid and the 
posterior (caudjil) ts the coracoid. The primitive girdle of the hind limb also possesses 
ihree elements, of which the ilium is homologoiis with the acapnia, the pubfs with the 
prcconicoid and the ischium with the coracoid. The clavicle, w'hich is o membrane 
hone and therefore luorphoU^ailly diaiinci frorn the others, la an additlonid clement 
in the shoulder girdle but Is not represented in the pelvic girdle. It is doubti^l 
whether any mte of the preccr^toid persists in the human skeleton, olihough the 
presence of two primsO' centres for the clavicle ii regarded by many authorities ss an 

* F. P, Mall, Am. J. Anat„ lp&6 \ E. Fawcett, J. Phyno!., 47, 1^13 ' Hsrtson, 
Anal. ipao. 

1 1\ WingaTC I'edd and J. DTrico, jf.. Am, J. Awfi,^ 4r, maS. 
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indicaiion that the humiin clavicle corneipfifids both to the pivcoracoicl and t<i the 

ckviclc in the rcptillpn Mhould^r-^irtlEe. Other authon'lies believe that the firvt ^orEicold 
cenirt to appear in maji represents the preenracuid element ^ while the subcopCQid 
centre is regarded ns reprcsentln]| the caudal ventral element in the reptidan girdle. 

The clavicle ii absent in animals in which the f&ieliitiba are used principaliy or 
entirely for progression, c.g. the urtgujates and carnivores, but it is present and well 
developed in aninials which use the limb for prehension, c.if. many rodentSp the pri¬ 
mates and man. 


Fifi. —^Diagnun ^QwiniE the three centm of e^icaLoii of ihc ckviclt 



prtmafy ei.tdftit 


Applied Atialomy. —^'Fhe clavjde is verj' frequently fmetuned^ The mo&t cotntnon 
cause is indirccT violenccp ns the residi of force applied to the liand or shoulder, and 
the bone then gives way at the junedon of its lateral wdth its interme<jinte thirdp 
that is to say, at the junction of the nvo curves, for ihia is its w-eakest part. The 
consequent deformity is caused by the weight of the arm, which acts on ihc latcml 
fnaj<nieni through the cotaco-clavicular ligament and draws it downwards- I'hc 
medial fragment, as a rulc„ is little dispEseed. 


THE HUMERUS (fieSn 

General features^ -The humerus 15 the longest and largest bone of the upper 
limb. It comprises expajidcd upper emd lower extremities and a more or less 
cyUndHcal shaft. The rounded head occupies the upper and medLal part of the 
upper end of ihc btaue. The Icsscf tubercle (tuberosity) projects from the front of 
the shjflt dose to the headp and ia linuted on its lateral side by a wdbrnarked grcj^>ve, 
by examinutioo of the head and the lesser tubercle the student should he able to 
a:»ign a given huinenis cturectly to its appropriate side of ihc body. 

The tipper end of the humerus consists of the head, and the greater and lesser 
tubercles. 

The hri^d of the humenrs {figs. 385^ J&7) forma rather less ihuin half a sphere^ and 
its smooth surface is covered with byalLnc orticutar cartilage in life and in the 
unniacerated specimen. When the arm is at rest by the stde, it is directed mcdidJy, 
backwards and upwards 10 arikuhite with the glenoid cavity of the scapula. I'hc 
humeral articular surface Is much more extensive tium the glenoid cavit>\ and only a 
pejnion of it is in contact with the cav ity i n any one position of the arm. 'Fhc margin 
of the head is most distinct in its medial part. 

The Qnaionticaf neck of the humerus immediately adjoins the margin of the head 
and forms a slight constriction p which is least apparent in the neighbourhood of the 
tubercle. 

The lesser tubereft {s placed on the anterior aspect of the bone Immediately 
beyond the anatomical neck* and shows a sniooth^ muscular impression on hs 
upper part, .■\lihotigh thickly cohered by muscle it can be felt no deep pressure 
through the akin, 3 cm, below the tip of the acromion. The bony prominence 
slips away from the examining finger when the burnerm is rotated. 7 ’'he bteral 
edge of the lesser tubercle is sharp and forms the medial border of the intcttulvercular 
sulcus (bicipital grTw>vd), 

The j^M/rr tuftcrefr occupies the laieral part of the upper cud of the humerus 
and is ihc mml hmiy point in the shouhier we^ion. It projecis beyond the 

lateral harder of the acromion and, covcretl by the thick, fleshy deltoid muscle^ is 
responsible for the normal rmmded contour at the shoulder. The portion of the 
tubercle which adjoins the anatomical neck shuw^s three flattened Impressions for 
intificuliir attachments. 

The intrrtubtrailnr snkas separates the tw'o tubercles and lodges the tendon of 
the long h«d of the biceps muscle^ 
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llic shaft of the humerus is almost cylindricaJ in its upper half but is iri^g^lar 
00 section in its lowtir haJL ^vhich i& compresacd in an afileropostenor direction. 11 
can be ideottfied when the arm is grasped firmly, but its outline is obscured by the 
strong muscles which clothe it. It presenta three surfaces and three borders— 
which arc not everywhere equally obvious^ 

'The {utttrifir donlrr crrmniences above on the ln>nl td the greater tubercle and 
runs downwards alinost to the lower end of the bone, ks upper third fonxis the 
lateral lip of the intertubcrcular sulcus and is Toughened fr>r muscular attach meins. 
The succeeding pt>rtHm is dm roughened and forms the anterior limit al ilie 
dckciid luberosiVv* but the lower half of the border is snvHSth and rounded. 

The hiUra! harder is conspicuous at the lower end of ihc bone, where its sharp 
edge is roughened along its unterior aspect. In its middle and upper thirds the bor¬ 
der is barely discernible to the inexperienced eye, but in a W'tll-markcd bone it can he 
tmetd upwards to the posterior surface of the greater lubcrclc. About it% middle 
the border is iniemiptcd by a W'idCi ahaJlo^v groove which crosses the bone oblitjucly* 
passing downwards and forwards from its posterior to its anterior surface. It is 
termed the sttlcus for fhr rstdial nerx'r. 

The medial ^dfT, although rounded, can be idenlified without difficulty in the 
lower half of the shaft. A little below the middli;: of tlic bone it presenis a roughened 
strip, and superiorly it becomes indistinci until ii reappears as the medial lip of the 
intenuhercular sulcus. In this situation the border is again roughened and can be 
traced intn tJic Itjsser tubercle. 

Tile aiitfrolalerul surf ait of the humerus lies between the anterior and the Lateral 
bordtrSn A Httlc above its middle it is marked by a V'Shaped roughened area which 
is ternted the deltvid tutaosiiy-, I’he limbs of the V ate broad and behind tlic 
posterior limb the groove for the radial nerve runs do^inwards and fades away on 
the lower part of the surface^ 

The iifitrTumrdjui furfate is bounded by the anterior and the medial borders of 
the brine- Rather less than its upper third forms the itiugh flour of the inter- 
tulKrrcuSflT sulcus, hut the rest of the surface h &ro^M>ri], A Litrie below- its middle 
the niiirieni foTtunen, which is directed dowinearda^ opens elose to the medial 
border. 

The posterior sut/oee lies between the medial and the lateral borders and is the 
most nxicngivc surface of the three. Its upper third is crossed by a faint ridge, 
sometimes roughened^ which runs obliquely downwards and laterally. I'lic nuddle 
I bird is crtisscd by the commcncetncfil of the groove fqr the radial nervq^ Fbther 
more than the lower third forms an extensive, fattened surface, which widens 
considerably below. 

Hitf lower end of the hiimenis {figs. 5S5^ 3S9), which constitutes the 

condyle, is expanded transveradyT and presents articular and nofi-anieular 
portions. 

I'hc artktdar portwn takes part with the radius and the ulna in the formaiion of 
die dbow-joint. It is divided by a faint groove into a lateral, convex surface, termed 
the capitulunifc and a medial, pulley-shaped surface, termed the trochlea. 

The capisuium is a rounded, convex projection, considerably less ilian half a 
sphere, w^hich covers the anterior and inferior aurkces of tlic laier-al part of the 
condyle of the humems but does not extend on to tis posterior surface, h 
articulates with the disc-like head of tlie radius, which lies in contact with its 
inferior surface in full esctcnslon of the elbow but moves on to its anterior surface 
when the Joint ia flexed. 

The trochlea is a pulley-shaped surface, wddeh covers die anterior, inferior and 
posterior surfaces of the cnndylc of die hujneruii+ On its lateral aide it is ficparated 
from die capitulum by a faint groo%^e, but its medial margin is salient and projects 
downwiards beyond the rest of the bone- The trochics articulatjes with the trochlear 
notch of the ulna. \Yhen the elbow ts extended the inferior and posterior aspects of 
the trochlea arc in contact with the ulna, but, as the joint is flexed, the trochlear 
notch mils forwards on to the anterior aspect and the posterior aspect is then left 
uncovEued. The downward projection of the medial edge of tlie tTochlea le the 
principal factor in determining the angulation w^hkh U present between the long axis 
of the humerus and the long axis of the supinated forearm when the elbow ia ex¬ 
tended. The angle, which is of approximately 170% is opM to the lateral side and b 
termed the ‘ carrying angle ' (p- 493)- Owing to the existence of this angulation^ 
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Fic^ 385.—ITw left humefiu^ Anterior topret. Fie. 58*-—Key 10 fig. 385+ 
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the ulnar border of the supiiutcd 4 nii extended foreann cannot be brought mio 
contact With the lateral surface of the thigh, when the arm is by the side. 

The nm'-artiniluf p^irt of the condyle of the humerus includes the medial and 
Lateral eplcondyl^ together with ihc olecianonp coronoid and radial fosa^. 

nie mediiii tpicondyle forms a oDnspEcuouSp blunt projection on the medial aide 
of the condyle- It is subcutanerjus and can eusily be identified through the skin, 
especially In psisaivr Hexion of the elbow, ha |Ki5terinf surface is smiHJih and ia 
crossed by the ulnar nerve^ which lies in w shallow^ suIcuSh ^ it runs down into the 
forearm. In this situation the nerve can be felt and rolled against the bone. If the 
pressure exerted is sufficient, sensations are arEiused identical willi those prc^doced 
when the! nen'e is jarred against the cpicondyle, i.c. by A knock on the ^funny bane^ 
^fhe lower part of the anicrior SEirfacc of the medial epicEindylc sIkwes an impression 
which gh es attachment to the superftcial group of the flexor muscles of the forearm. 

The iaterai fpicomlyfc t>ct:upie& the lateral part of the non^articidar portion of the 
condyle ; but docs noi project l)cyfind the lateral supmeondylar ridge. Its lateral and 
an tenor surfaces show a well-marked impression, which gives origin tn the super¬ 
ficial group of the extensor muscles of the forearm. Its posterior surface, which is 
very' slightly convex, can easily be felt thrrujgh the skin at the back of the elbow. It 
lies at the botnjm of a well-marked depression, which can he seen when the extended 
elbow is viewed from behind. 'ITie lateral b^jrder of the humerus temijn^tes at the 
lateral epieondyle, and its low^er portion is usually termed ihc itiienil supr^atfidytar 
ridge- Tile medial border of the humerus terminate* below at the medial epiet>tidylc+ 
and its lower purtion is temied the maJmi lupn^corttiylar ndge. 

A deep hullow is situated on tlic posterior surface of ilic condyle, immediately 
above the trochlea. It is termed the olecramrn /iwm, on uccount of the fact that it 
lodge* the tip of the olecranon of the ulna when the elbwjw is extended. The floor 
of she fossa is always thin and may be partially deficient. A similnr hut smaller 
hollow“ lies iinmcdiatcly above the trochlea on tlic anterior Surface of (he condyle 
and is termed the foroni/id/ossa. It provides room for the anterior rrtargin of the 
eoronoid proc<^ of the ulna during Hexion of the cibow’. A very aligh( depression 
lies abfjvc; the: capitulum on the lalcml side of the coronoid fossa. 1 | is Termed the 
radial since it hs related to the margin of the iiead of the radius in full flexion of 
the dbrnv. 

[n lower mammals the longest axes of the upper and lower articular surfaces of 
the humerus make an angle with each other of little more Than 90'*, In man, how¬ 
ever, the upper end of the humerus appears to have been rotated laterally, so that the 
angle between the two axes has been increased to about 164* (fig, 3,90). This 
angublion h referred to as the angle of " humeral torsion,' Jt is greater in men 
than wonsen, in adults than childreo, and in higher races than in lower races and 
anthropoids. The significance of the torsion of the humerua has not yci been 
explained in a satisfactory* manner. 

Farticuiar feature*.—llic tartilage which covers The hruti of rht humcrui jg 
thickest at iix irenirt and becoines thinner towards The circirmfercncc. 

The otiaiomUai neck gives axtuchment to the capsukr ligament of the shoulder- 
joint 3^8}. except aT the upper end of the intenubercular sulcus, where a 

deficiency exists to aUoiv xhvi lung icndon of the biceps to emerge from the jotni. On 
the media] sidCj however^ ihc utEachnu-ni extends downwurd^i for 1 cm. or niorr on 
to the shaft of the bune. 

The ^«Ter tidrrrctr give* insertion to the inbseapuJari* muscle ffig, 3^(1) and its 
sharp lateral tnargin gives attfichment to the transverse ligament of the shouliJcrriotJit. 

Tile greairr wberffe pre^enl* three muscutar impresstona.. The uppermost 
receives The insctiiun of the supraspinotua ; the middle impression gives insertion to 
the iTifrji3pinjitu» ; whilt the kiwermnsl, which h placed on the posTerior surface of 
ihc tubercle, give* insertion to the teres minor muscle (fig. 388), The ptojeeting 
lateral surface of the tubercle ptesenls numeroug vasculor foramina and is covered 
by tile deltoid muscle. A part of the subiicromisl bur^a may cover llie upper part of 
tills area and separate it from the nriusclc. 

The iniertuhercular suEcuii {kkipimi jffrrtote) IucIkc* the trjna tendon of the biceps, 
its accompanying 5>'novia| sheath, and an osconding branch from the oJitcFicr circiim- 
fiex humcjal aneiy. The rou^h+ lateral lip of the grotwe gives insertion ro the hi- 
laminar Eendon of the: pcctoratis mBjnr ; ita flcHir receives the tendon of the laiksimus 
dorsi ; and its mcdiml lip, the tendon of ihc ten:^ majof. *l’he insertion of ihc pector¬ 
al k major extends to a luwer Etvel than the uiscrtiEjn of the teres majfir, while ihc 
irm-rtion of the latisarn^us donij m the least extensili’e of die three. Below die inter- 
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Fw, 3SS .—Kxf to Us. 387. 


Fig, 387.—JTw kfi hum^ruii Pwltrior upect. 
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tkibcrculRr vutcus the antcromedLiJ surface at the humerus is devasd at muscular 
attachm-rni over n small amt, but its lower half ffive* origin tu the medial portion of ihc 
brachialis mu^Tc (fig. jS6). The muKhenqd strip on the itiiddic of the medial border 
of the bimv giv« insertion to the mracohraL-hialbi muscle. Close to the part 

of the medtai supracondylar rkh^c this tturfacc pjvea origiH over a ntmow area to the 
hunicril head of the pronator teres t and the ridge itself gives uttuchmeot to the u^c^dial 
iniermuscuLar septum of the ^itm^ 

The oblique ridge which crosses die upper pan of the ^wfferior xmf&ce gives origin 


Fso. jSo*—The lower end of the left hunitjnjsH viewed froiti below. 









ZoiemE 


dS'idcNj/w tttrt* 


to the iBicral head of the triceps. Above thi^ muscle the axillary (drtumflex) nerve 
and the ptisierior circumfiex humerjil vtsscis wind round this lupect of the bone 
under cover of the deltoid muscle. Below and medial to the origin of the lateral head 
«f the itiecps, A shallow groove, cuntoining the radial nene and the profunda vessels* 
runs downwards and latemlly tn gain the onterolatenil surface of the shaft. The area 
for the origin of the fleshy medial head t>f the triceps includes a very' large part of the 
posterior aurface of the bone. It covers an clungatcd triangular atva, the apex of 
which ts ptoexd on the medial pan of the posterior surface above the level of the Wer 
limit of the uiacirion of tcre* major. The area widens below and covers the whole 
surface almost down to the lower end of the bone (fig, 3M). 

The uwf^ro/trfrro/ ttitfau of the humteus ia smooth and featureless So its upper 
part, which is covered by die deltoid muscle. About, or a little above, the middle of 

Kic. ^t)o—An outline of the head of the left hunierui, viewed frwn above 
projected wi to theoytlEne of the lower end of the bone to ebow iheenule 
of humerAl toruon. 

ivterrlt 



this surface thedclinidmiiicle is inserted into the dvituld tuberosity, and below that 
level the surface gives origin to the latortil fibres of the bmchiolia, which extend 
upwimds into the floor of the lower end of the gmovc for the mdial nerve (fig. jSg)^ 
^I'hc roughened anterior aspect of the lateral supracondylar ridge gives ori^n hv 
its upper two-thirds to the brachioradialis and by Ets lower third to the extensor 
carpi mdialis longue. Behind these nmsdes the ridge give* aiiachment to the 
lateral Intermuscular septum of the arm. 

The pftTfton 0/ thr cimiiyte of the hunrems is curved forwards^ bo that 






the humerus ^7* 

its nntcnuf and ftosicnor KurfHcts lie in fro^sc of thij cQirtiapoiiJIjii^ !«iurfMcS of the 
shnft. The tfrncjvif wf the tirthclilejt wind* buck^ardfi mid kiLrally, a» it is traced 
from the anterior to the poeterlcir surface of the bom^ and it is wider, deeper and 
more s>Tnmetrical tKi^teriorly. ArjtcriurlVp llie medial Ikn^e of the puSky is much 
longer ihaii the kiemh and the surface Mljoinmfi its projecting medial margin is 
convex to ucc-tsfun'iodHce itself to the medial part of the upper suHTaec of the coronoid 

process of [he ulna, . . 

Th<i cflprwJrtT oftht extends upwards for some diiuuice beyond 

the articular surface to gain aiturhment to the hiiinerya* Anteriorly it passes to the 
upper limits of the redial and comnoid fossa.-, so thot both these bony depressions are 
intnicapsidnr ond therefore lined w itli synovial mcnibrane. Medially it is attached to 
the mediflJ noji-articukr aspect of the projecting lip of the rrochlca and tu the root of 
the tncdiul cpicondyle. Poslcriorty it ascend* to, or almuaT io, the upper matgin of 
the ulecrenmi fossa^ which is therefore 
intracapsular and envered with sypoiiid 
mem brine. Late rally tt sk i rts the latcni t 
borders of the trochlea and capitulom, 
lying medial to the lateral epicondyle. 

I’he tnuscukflx impression on the 
medial ^picondyie gives attachment to the 
common nriipn ol die »y|>erficial group 
of dcxnr muscles. H'hcy arise from the 
epiph>'sis for the cpicondyle, biit ate 
entirely nutaidc the articular capsule of 
rhe elbow-joint. Hlic impression on the 
laierat epkondyle attachment to the 
common origin of the supcrlkial group 
of extensor mujicles of the forrarm. 

These arise fmm the Isternl side of the 
lower humeral epiph^^js. and, like the 
flexors, are gjtuaied outside the articular 
capsule, small area on the poslerior 
surface of the blcrd cpkondyk gives 
origin to ihe anconeus (fig, aSSJ. ^Hie 
medial cpicondylv h directed backw'ards 
a little at its cKtremity, whereas the 
lateral cpieondylc- sbcMs a alight I rend 

in ihc opposite direction. + r 

It ifhould be observed that when the humerei* is at real by the side the medial ept- 
condyle lies on a plane which h posterior to the phinc of the Laceml cpicondyle, so that 
the bone ttpp*art to be rutateiJ medially. In this position the head »f the hutiienii is 
directed almost cquidly backwards and niediaflyK and the ptmteriot surface of the shaft 
looks laterally us well as backw^ards. This position of the bone must ^ kepi in mind 
when the mtivemenu of the arm and fureami are eunstdered fpp- 4S6 and 493). 

A hook-shaped process of bone termed the supraoijidyhr pro€m, varying fmm 
a mm. m 20 nim. in length, h occasionally found projecting from the anteromediai 
surface of the shaft of the humerus* about 5 cm. above the medial cpicondyk. It k 
curved dovvpw afds and forwards^ snd its pointed md Is connected to the medial bor¬ 
der, just above the epkondyk, by a fibrous band whicb gives origin to n portion of 
the'pronator lerrt ; the fonunen completed by this fibrous bsmd usually trunsmits the 
median nen^e and breebidJ anexy. Sc^metimt^ the nerv e alone is tntnsniitted through 
it, or Ihe nerve may be accompanied by the ulnar artery^ an casts of high division of 
the brochiu] arten'. tnrwive, which judges the nrlcrs' and nerve, is usually found 
t^hind the proccaa. TJiis foramen is the honwlogue of tlie 8upni(3:>ndykr fummen 
found in many animals, and probably sen es in them in protect tlie nerve and artery 
from cutiipreMtcm dutiiig the eontraction of the imJ^ctes in this region. 

OssificatLon • {%. 593),—'Flit humem^ is ossified from eight centres—one for 
each of ilic following parts : the abaft, the head, the greater tuhcrck^ the lesser 
tubercle, ihe capitulum ami kteral part of die troebka. the medial port of the 
trochlea, and one for each epicondyk. The centre for tlic sliaft appears near its 
middle in the eighth week of inirauterine 1ife» and gradually extends towards the 
ends^ which at bin h are cartLlaginou&. Before bi or early in tile fi rst year* ossifica¬ 
tion begins in the head, during the second year in the greater tubercle, and during 
the fifth in the lesser tubercle, By the asxtli year the centres for the head and 

• The tim« of flppcanincc of rhe fpiphyfteui centres (if OMiftciXion end of the union of the 
cpiph>^es with the shshs of the limb book's are based, for tivc m<Mt part, on ihc obsvrviuons 
of P. tr Pnrsonii mid D. A- l>aviM, J. jjRr(i^, 6 a, 1037^ and J, W. Pryon ,% 6^ 1938 . 
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tuhetclcd have joined lo form a single large cpiph)^i«^ which L hoHqw'cd out on 
its inferior surface (fig^ 391) m adapt It to the somewfmt conkoJ upper end of tlie 
diaphysis. It fuA^ with the shaft of the humerus about the twentieth ycar+ 1'he 
lower end is ossihed as follows. During the second year ossification begins in 
the capitulum and cxtendB medially to form rise chief part of the anicular surface; the 
cenLfc for the medial part of the trochlea appears about the eleventh or twelfth year* 
Ossification bedns in the medial q)ioondylc about tlie fifth year, atid in the lateral 
about the m'dith year. The centre for the lateral epicondylc fuses w^ith those for 
the trochlea and capitulum (fig, 392) during the fourteenth year, and the large epi¬ 
physis thus formed unites with the shaft about tlie sixteenth or scvcntccnlh >tsar. 
The centre for the medial epLcondyle forms a separate epiphysis, which is entirely 
exira-dpsular (figs. 3^b, 3^*^) Is placed on the posteromedial aspect of the 
epicondylc. It i& Separated from the rest of the low'cr epiph^^is bv a downgrow’thi 
from the shaft, with which it unites about the twcnttelh year. 

AppUtd The upper epiphysis of the humerus, is the last to join ihc 

shsft, and the length of the bone is due mainly to growth from the upper epiphyseal 
plate. Hence, in taaes of Rmputation through the arm in young subjects, the humerus 
coodnucs to grow consJdembly, and ihc lower end of the bone, which immediately 


F1O4 ill the osniflcaricrn of the humetus. 
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after The operation was covered with n thick cushion of soft tissue, befdns to project, 
rendering the Stump conical^ 

Fractures of the humerus are coiumon and msy occur at almost my kveh This 
bone is fractured by muacukr aeticin prohubly more frequently thcuii any other long 
beme : it JH uaually the shafi of the b<jne, just hehm the insertion of th^ deltoidi w^hich 
is thus bmken. The radial nerve may be iojurtd as it lies in Its groove^ or may 
become involved in urowth of callus durinft the prcicess of repair. Further, n«m-union 
ia frequent and inde^ it is commoner in the humerus than in any other bone exeept the 
tibia. FracfUies of the upper end of the bone may damage the axillary (circumBex) 
nerve* while fractures of the medial epicondyle often arc compikaied by damage to the 
ulnar nerve. 


THE R.\D1US (fins. 393 - 396 ) 

General features.- The radius is the kietal bone of the forearm. The upper 
and lower ecidfi are both expanded, but the lower end b much the wider of tlie two 
The shaft Incrcasea m breadth rapidly towards the lower end, b convex to the lateral 
side and is concave fonvarda in its lower part. Examination of the s haft, there fore 
will enable a given radius to be assigned correctly to its appropriott aide of 
the body* 

The upper end of the radius indudes the he^d, the neck and the tuberosity. 
The bead is disc-shaped and its upper surface is hollowed out to form a shallow cup 
for articulation with the capitulum of the humerus. ITe arti€ul&r circumfermce of 
tlie head i* •mnoth ami is deepest on the medial side^ where it articulates with the 
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i^dial notch of the ulna. Its posterior surface can he felt through the skin ns it Itea 
at the botiorn of a amaJI depression which is visible in the living subject on the 
lateral side of the posterior surface of the extended elbow. The ritek of the radiug 
is the conatricted part below tht head, and is overhung by it, especially on the larend 
side. The tuberosity of the radius is placed below the medial part of the neck- tts 
posterior part is roughened but its anterior part is usually smooth. 

The shaft of the radius is gently euned with the convexity directed ro the btcial 
side. On transverse seel ion it is triangular in outline, but only one of its three 
borders is sharp and easy to identify. The inturosseous hirdrf is a salient crest, 
except at its upper crii, where it approaches the lower pari of the tuberosity. At 
hs lower end It forma the posterior margin of a smAll, elongated, triangular area, 
which constitutes an additional—medial—surface for this end of tlie bone. In its 
lower three-fourths this border gives attachnieni to the interosseous mcmbnine, 
which connects the tippcJScd borders of the o b^jnes of the forearm. I lie aotfrhf 
hftrittfT can be recognised without difficulty at its upper and tower ends, hut it is 
rounded and indctinilc in the inten'cning region. It conunenccs just below' the 
anterolateral pan of the tuberosity and runs downwards with an inclination tow ards 
the lateral side. This part is often described as the uHitrior tdihqae linr of the radius. 
'Hsc low er part of the anterior border forms u sharp crest along the latcml margin of 
the anterior surface, and can be recDgniscd cosily tJirough the skin. T he Jiosterior 
border is clearly defined in iln fuiddte third only. Above, ii runs obliquely upwards 
and medially towards the posiero-infcriur pan of the tuberosity. Below, it forms a 
nmnded ridge which ts difficult to trace. 

The iinirrior surfaee lies between the anterior and the interosseous borders, li 
13 slightly DOTicavc from side to side and cun'es forwards at its low^er end. A little 
above its middle it presents a nutrient foramen, which Is directed upwards. The 
posterior surfase^ which is bounded by the interosseous and the posterior bofdc^^, 
is gcucralJy dat but may be slightly IwUowed out in ita upper part. The 
surface is gently convex in all directions- Above, owing to the obliquity of the upper 
parts of the anterior and posterior borders, it encroaches on the anterior and posterior 
aspects of the bone, and this widened portion is usually slightly roughened. A 
finely irregular, rough surface occupies an oval area near the middle of the shaft, hut 
below this the surface of the bone is snuHJth and featureless. 

The lower end U the widest part of the radius, and is four-sided cm ttanavem 
section, lis toffo/ ttirfafe is slightly rough and projects downwards beyond the 
resit of the bone to form the styloid proe^ss. This projection can be fdt thrcjugh the 
skin, when the tendons which conceal it in the living body are relaxed. The 
inferior Surface of the low er end {fig. jsyy) is smooth and takes part in the formation of 
the wrist-joint, ^rhis carpal ariicsJur sur/acf at divided by a faini ridge into a medial 
and a lateral area. The mtdial area is quadrangular : the laseral area is triangular 
and covers the medial side of the styloid procesi. 'Fhc anttrior sttr/ace is a thick, 
prominent ridge, which can be palpated in the liring subject, despite the overlying 
tendons. It lies nearly i cm, above tlie base of the thenar cmincricc. 'Hie medtai 
rurfaci is occupied by the ulnar aotch^ which provides a sm(.>0th strip, concave from 
before backwards, for articulation with the head of the ulna tn the inferior ruditn 
ulnar joint. The postmar surjacr is marked by the donal fubnxit, which is limlicd 
on its medial side by a narrow, oblique groove- It lies in line with the cleft between 
the index and middle fingem and can readily be felt through the skin. A wide, 
shallow groove lies on the lateral side of the tubercle and is divided Into two pam 
by a very faint vertical ridge. A similar^ but undivided, groove marks tlic medial 
part of the posterior surface. 

FarUctilar features.^—'Hie upper surface of ihe head and its anl^ular ciTcomferritcr 
arc everywhere cov-eted with hyaline cartilage. The upper margin the head 
into the grous^e between the capitulum and the trochlea, and, when the forearm is 
flexed* it invades the Tadial fossa. The articular circumference articulaiLs wifh the 
radial notch of the ulna, and in the rest of its extent is sutrounded by the onnukr 
liRarnent, within which it rotates In pronution and supinatkon. The neck ol the bone 
is surrounded by the narrower, lower part of the annular Ugamml, but Is Separated 
from it by a protrusion of die synovial Tncmbnioe of the superior mdio-utnar 
joint. 

The rough, posterior part of the fH^wfwii'.v gives in^ition to the biceps muscle^ 
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but Its siTicKith, nfitciduir pm m Bcpatmtct! from the tctidon by « bursa. A \ittle b^low 
th« tuberwJt)’ xht oblique conJ is att^hed to the mdiua. 

The upper^ oblique part of the a?rj^nV border aud a vpnabk portion of the bcjokr 
below igives origin i& the thitip expanded radial head uF the flexor digitanim super- 
iicioJis muscle. Its conspicuous \ow^t part gives sttachToent to the Lateral edge ot the 
extensor retinaciiliim. The smalls triim|Eukr area in front of the lower end of the 
interosseous border i.nd above the ulnar notch gives insertion to the deepest fibres 
of the pronator quadmtiis niUBclei 

The upper two-thirds of the tw^aee provides an extensive area for the 

origin of the flexor pollicls longus muscle, which concedb the numcm foramen. The 
lower fourth of this surface^ together with the triangular area cn the medial side 
of the bone, rcccii'es the inserdoTiof the prormtor quadratus. The roughened area 
at the middle of the latetol is situated at tltc region of maxmium curA^aturc 

and gives insertion to the pronator teres. Above^ the surface widens at die expense 
of the anterior and posterior aUTfoceS;, and the elongated V-shaped area {figs. 393 


Ficl fn ihe Ossiflcsrioil af the radiuB. 



and 304) provides inaertton far the supinator muscle. Below the insertion of the 
pronator teres the lateral surface is smooth and covered by the tendons of the 
Twiiai extensors of the wrist. The upper i>art of the patttrim- ixtrftint gives nrigin 
to the abductor pollicia longus^ above, and the extensor poUicts brcvjs^ i^Jow. The 
lower part of this surface is devoid of muscidar attachments but is doaely covered by 
the extensor poUicis brevis and lofigua muscles. 

The styloid procejj of the radius projects to a lower level than the ulnar styloid^ 
and its tip is concealed by live tendons of the abductor pollida longui Jind the extensor 
polUefs brevis. It giv'es attocimicnT by its tip to the lateral ligament of the wrist-joint. 
The laierid lurfacc of the lowrer end of the radius a little alKJve the styloid process 
receives the insertion of the brochioradinlis and is crossed obliquely,' from abmx 
downwards end forwards, by the tendons of the abductor pullicis longus and 
extenibor pollids brevis. The ridge-like anterior mr/ucf of the lower end givis 
attachment to the palmar radiixarpiil ligMinent of the wrist-joini- The ufnar mtch U 
limited below by a eniooth ridge to which the l^e of the nrticiilar disc of the inferior 
radio-ulnar joint is attached, A sfnflll pramnion of the synovial membrane of the 
joint extends upwards in front of the Low'er end of the interoscuus membituic, 
btentl, triangular part of the tarpal arikuiar surface articulercs with the scaphoid and 
the medial, quadrangular part with the lateral port of the lunate bone. \Vhcn the 
hand is adducted fuHy the w'hole of the upper surface of the lunate bone comes into 
contact with the radius. 

The dorsid iitherrh giv^ attachment to a sUp from the extensor retinaculum and 
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Fic, 1 .—RAdiojinph of the Kami arwi 
wTiat in full lAexipn, viewed from the 
^idcr 

llie artQvra painr^ lo xhc ctpiiite 
bone: 3, ro the Itmate bone : to the 

tuberole of the S^ilphokl bone : and^ 
4f ro'the'tuhenile of the trapezium. 

Compare with fiR, i ami note the 
retative position^ of the capitate and 
lujiate, and the lunate and rawaa. 



K^. 3.—Radknj^raph of the hand and wri&ip vir^'ed from the aide. Tfic Innji* aaea nf 
the third meuearpal bcoc, the capitate and the lunate are, appmxiniateLy, In line with the 
lonjf axia of the nutus. The airo^t point as in fig. g. 

Note the relabvc poaitiona of the capitate and Innate^ and the lunate and rtadina. 



FiO^ jr —^RadioRFaph of the hand and wrist in full eatenaton^ viewed frotn the aide. 
The arrow.-* point » In fig. i. 

Compare with fig. i tod note the aiicimtiorta in the relatts^ potliiona of the capitate 
and lunaEr bonea, and ihe lunate bone and the ntdiua. 
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Pic. j. —Rsdiogr^h of the 
bind in fulli idduction. The 
arrawv point to the iCApbniif 
bone on die lacEtil vide ind 
to the piiifaim bqno on the 
ifvediil Bade. Note that the 
ihidoiv of the puifomi bone 
overlapi the ihidow gl the 
tip of the tcyloid pmeesa of 
the ulna. 

CompaLre with fig. 2 and 
obaerve that the motccncnta 
occur til both the radiocarpal 
and intercajrpal joint*. 



h Id. X — Radiogmph of the 
Berne hand in full nbduotlon. 
The arrow* point to the ham¬ 
ate and pkifonn bone*. 

Compfire with fig. t mid 
nore i (i) that the Boaphoid 
and liinate bonet have poised 
mediaU}' m that the latter 
articulatea to a law extent 
with the nrtScLilar dtac of the 

inferior r»dijQr^ulniJ‘join^ (i) 

that the pitiform ii now widely 
aeparoted hom the atyloid 

proee^ of ^ lilim : fj) that 
the jcophotd^ having rotated 
roynd a trtuiavenc axlt, ia 
much foreflhoEtened ± (4) that 
the apex of the haiiiAte bone 
ha* been throat away from 
the iuii^ by the cototion of 
the capitate around on antem^ 
pcnTcrior axil: (s> that a gop 
hto opened up between the 
diatal portions of the hunate 
■nd tri^uetnl bones: ” ihi 
(6> that the long osc* of the 
capitate end lunne honca are 
now alimiat in the aame 
straight iine. 
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m Rroovcii on ils rricdin! iidt by the cKtiatetur poUicis Urngm icndDES. Tht wide, 
fihallow lo tin? Idt^iral side of the luberck cemTuina the tendons of the cseicnsMir 

carpi Tadktis longus, literally, ond the cTClcnscir carpi nidklis bievia, medially, 
togedier i^itb ihdr synovifll ahealbA. llic medial part of the posterior surface as 
[p-oosx^ hy ihc tendons of ihe extensor dtiiironsm, but the extensor indkis and the 
posteriu r interoasctHis nc me inlerrene bct^^vicen them ond the bont. The Jower mar[?i n 
of the posterior sutface ^ives attichment to the doixat radiocarpal ligainen!. 

Ossification (figs. 3<J5, 396),—The radius is oasitied from three centres: cuie 
for the fthiift, and one for each end. That for the shaft appears near the middle in 
the eighth week of intrauterifie life. Alxiut the 
close of the first year, osaificatioB begins in the 
lower end ; and at the fourth year^ in the upper 
end. The upper epiphysis fuses w'kh the shaft at 
the age of seventeen or eighteen years, the lower 
about the age of twenty’. An additional centre 
sometimes appears in the tuberoeity about the 
fourteenth or fifteenth year. 


'rnt: ulna nh 3§7} 

Gencr^ fenturea.—^The ulca is the medial 
bone of the forearm and is parallel with ibe radius 
when the forearm ts supine. ITie upper end is 
tbick, strong and hook-like (fign 397)+ the concavity 
of the hook being directed fonvards. The lateral 
border of the shaft is a thin, sharp crest. This 
information is sufficient to enable the student to 
refer a given lilna correctly to iis appropnaic sitle 
of the body. The bone diminishes in size from 
its upper to its lowicr endp which bears a small, 
rounded enlargerticni termed the head of the ulna. 

The shaft is triangular on section. 

The bone ia not perfectly atmight^ and shows 
jt s] igh I but appreciable double curv^c. 1 h roughout 
its whole length it forms a gentle curve* the 
convexity of which is directed hadewa^s. in 
addition* the upper half or more shows a slight cur¬ 
vature to the lateral side* and the lower half or 
less a similar cur^Titurt in the opposite direction. 

The upper end of the ulna (fig. 397) displaj^s 
two substantial processes, nunted The olecranon 
and the coronoid process, and two articular areas, termed the trochlear and radial 
notches, which arltculaie. respectively* with the humerus and the radius. 

The dicranon is the uppertnoat part of the bone. It is bcni forwerds at its 
summit to form a prominent beak, w hicti is received into tfic olecranon fiasaa of the 
humerus when the forearm is extended, li^ posterior surface, which h anuHUh 
anti iriingular in ouiUne. can easily be felt through the skin* and its upper 
border fortiis the point of the elbow. Ulieu the elbow ia estended* this border 
can be fell on, or just above, the line joining ihc two epicondylcs of ihc huiticms, 
but when the clbow^ b flexed, it descends, and the three bony pobts then form ihc 
angles of an isosceles trhmglc. The anterior surface of the olccninon is smcxith 
and articular, and forms the upper part of the trochlear notch. 'Vh^ base of the 
olecranon is constricted where ii Joins ihc aliaft* and this b the narrowest part of 

the upper end of the ulna, , . * i- l j 

The comtoiJ proa^ forms a brackci-hkc projection from the front of the bone 
immediatciv below the olecranon. Its upper surface forms the lower part of the 
trochlear notch and is therefore smooth and articular. The upper part of the 
lateral surface presents the shallow rudia! n&ftk for articulation with the side of 
the head of the radius, and Uie bone below it is holloTVCtl out to make room for the 
tuberosity of the mdba during the movements of pronation and supination. The 
anterior surface of the process is triangular in shape and bears an its lower part the 
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rough tub^ojity of the uina^ The mediui border of the process is sliarp und besirs a 
Bto^l, but ptomiaentt tubercle at its upper end. 

The /rorA/wir nolcA luticubtes with the tiuchle^ of the humerus and is aliaprd 
flccordbigly. It ia formed by tise anterior surface of the olerraiion imd die superior 
surface of the corp^'i^id process. The bone is constricted at the junction between 
these two areas^ and tliey may be separated completely by a narrow^ roughened strip., 

A smooth ridge, which corrEspoads to ti\€ 
groove of the tiuchlea, divides tiie notcti 
into a larger^ niedSaJ+ and a emaller, lateral 
part- The medial part oofifomts to the 
large flange of the trix hleaof ihc humerus. 

Hie rzj Jro/ #?o/rA (fig. 397) is an oblong, 
articular depression on the upper part of 
die JuLcraJ aspect of the coronold process. 
It articulates with the articular circum¬ 
ference of the head of the radius, ^nd is 
separated from the lateral part of the 
tiochtear notch by a sinooih ridge. 

The lower end of the ulna is slightly 
expanded and comprises the rounded head 
and the styloid process. The inrad forms 
a surface elevation on the medial part of 
the ivostcrior aspect of the wrist when the 
hand is pronaicdp and it can be gripped 
between the finger and thumb when the 
supinated hand is flexed passive! v> It 
presents a convex articular surface on its 
lateral side for articulation witli the ulnar 
notch of the radius. Its inferior surface 
{fig. 399) is smootli and is separated from 
the carpus by the articular disc of the 
inferior racUa-ulnar joint, which is at¬ 
tached by its apex to the small rough area 
interposed between the articular surface 
and the styloid process. The slyioid 
process is a short, roun<led projection 
which springs from the poatemmcdial 
aspect of the lower end of the ulna. Its 
tip can be felt through the skin on the 
posteromedial aspect of the w rist, w here 
it lies about i cm. above tlic level of the 
tip of the styloid process of the radius. 
On the dorsal surface a shsllovv groove 
intervenes hciwoen the head of the ulna 
and the styloid process. 

The shaft of the ulna is triangular 
on section (fig. 39S) in its upper three- 
fourths, but is almost cylindrical in its louder fourth. The surfaces of the shaft 
are anterior,, posterior and medial; the borders, intcro^eous, posterior and anterior. 

I'hc interosseous border is the lateral margin of the bone and forms a conspicuous 
cr^t in its middle two^fourths. 'Ilie upper part becomes continuous with the 
posterior border of the depression which Hes below the radial notch and is here 
termed the supinator crest ; its lower part fades away on the cylindrical, lower 
portion of the shaft. The anterior border is thick and rounded. It eommcncsca 
above St the medial side of the tuberosity of the ulna and inclines backwards below 
where it can usually be traced to the base of the strlotd process. The posterior 
border, also thick and rounded^ commences at the apex of the posterior aspect of die 
olecranon and curv^ laterally as it descends. Bclow^^ tt is very indistinct as it 
descends to the styloid prtxcss. I'hroughout hi tehafe length thh border can easily he 
fek through she sksa. It lies at the bottom of a longitudinal furrmv, which is seen 
best when the elbow is in full flexion. 

The anieriGT surface of the ulna (fig. 393) ia placed between the interosseous and 
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the smicrior borders, ^nd b gentty (sometimes deeply) gmoved in Its long axis, A 
little above the middle of the hone this surface presents the nutrient fommen 
(fig^ 393 )t which is directed upwards and transmits a branch of the anterior imeroa- 
seous artery. In its inferior part It ia crossed obliquely by a rough strip* of variable 
prominence^ which runs downw'ards from the intertssseous border to the anterior 
border* The medial surface b Iwundcd hy the anterior and the posterior l>ordeis 


Fic, A tnifwi^fse toJtioti Ehmunh ibc Itft radius and ulns, ahowmfr the aitaeh- 

mvnt of the aiitcbradiii]l interotwoui mefnbnrH:. Upper aajwt. 



Convex from side to side, it is smooth and fcaturelessn Thc/JOf/mW w^^ireffig. 39+) 
lies between the posterior and the interosseotis borders- It is subdivided into three 
areas, of which the uppennasi is limited by an oblique line—not alwaj^ c^ily die- 
ccmiblc—w hich runs upwards and laterally from the junction of the middle and 
upper thirds of the posterior border to the posterior end of ttit radical notch (figi 
397). llic region b£io\v this line b divided into a larger medial and a narrower 
iateml strip by a v'ertical ridge, usually distinct in its upper three-fourths but diffi¬ 
cult 10 dcierniine in its lower part, 

Farttcular fcaiiMes-—The upper surihix of the idieramn pv& artachnient. in 
front, to the capsiiLiT li^sment of the elbow’-joint * in its posterior two-thirds, v^hich 


Fio. —The lower endaof the riRhi mdim and ulna. 
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are loi^hened. it provides insertion fo r the tendon of the triceps muscle. Occisionatjy 
these two areas arc iicparatcd by n smooth bursal urea, Ils medial surfacjc h marked In 
its upper part by a rouifh elevation, which pivcii attuchnveiit to the posterior and 
oblique binds of the ulnar c^dlateml ligaOH-nt of the clbow^joint md The ulnar head 
of the flexor carpi uliioris. Its lower part is smooth jind ijivea origin to the uppermost 
fibres of the flexor dhidorum profundus. 'Vhc laieral surface of the process, and the 
adjuiTking part of the posterior surface of the shaft down tp the oblique line already 
mentkined (fig- J97). Ijive mscrtifjn to the aitGoneus muscle. Its posterior surface is 
separated from the skin by a bursa. 

The anterior surface of the f^&mtd proersi, including the tubemsily' of the ulns^ 
fcceivea the insertion of the brachin!ia muscle. Its medial border is sharp, and a sniuilL, 
rounded tuberek is siituated at its upper end. tubercle gives art^hment to the 

oblique arul onterior bands of the ulnar catlaTeml ligament of the elbow-jolut and to the 
lowest pan of the humcm-ulnar head of the ficsor digitonim supertidalU muack, 
Bchiw' the tubercle (he margin gives origin 10 (he ulnar head^ of the pronator teres, 
and bellow that to an occasional ulimr head of the flexor pollicis lotvglis. The medial 




OSTEOLOGY 


3S0 

surfflCf of the pr(x«ss 1$ concave ftnd uivea dngin lo ^bttE of the flexor digitorum 
pmfundua. The anterior and pniiieriur horde fk of th-e mdial notch provide uttachiocnt 
for the annular Ligament of the radiLi.s. The depressed &r*>H tielow the n^jtch iii 
limited behind by the jiipjiwiior ; the aupmator muscle irises from the crest and 
fmm ihr adjoining piin of tlie depression. 

The part of the imftifar netch which is formeeJ hy the olecranon is, typicalLy^ 
dhidcd into three arras. Of these the mcwt medial foccii forwards and slightly medially 
and is hollowLil out 10 fit the medial flange of the tmchlea: the intermediate area is 
flattened and fits the kteral flange of the trochEea j the most lateral arciL, which forma 
a narrow strip directed to the nditd side, comes into contact with the tmehJea only 
when the elbow is extended. The constriction of the articular eurfacc h more pro- 
nciunccd tlum tlie canstriction of tlie base of the olecranon, '['he resuMng small non- 
articular parts of the anterior surface of the olecmonn are covered in the fresh speci* 
men and in life by tog^like processes of the synovial membrane which contain a linle 
fat (flg. 513), The cartfnoid paH of the trochlear notch is divided into medial and 
lateral pam, which corresprond^ respectively, to the medinl and iniermediiite parts of 
the olecranon sreot. Of these the mcdLil is hollowed out much more than the lateral. 
In confomtity with the convexity of the niedinl fiangc of the trochlear The medial and 
anterior borders of this area give attachment to the medial and anterior portions of the 
capsular ligament of the elbow-jnint. 

The carrying angle and its l^nctEonal importance arc described on p. 493. 

The subcutaneous /wj/erwr imrd^ of the ulna gives attachment to the deep fascia of 


Fic. 4CM.^Siag^ Ln the oflsIfLcdtkia af the ulm. 



the forearm, which seta* in its upper three-fiflha, as on addilional origin for the Bexor 
carpi ulnaris, and in its middle third as an additional origin for the extensor carpi 
ulrtsria. Both of these iriusdcs arc theicforc connected to the posterior border. The 
inirros^tma AnrAr is usually continuous above with the aupinatcir crest, Except at its 
upper end it gives atischment to the tnfcrosscoua membrane of the forearm, liie 
rounded nntfrior frordrr is covered in ils upfier three-Fourths hy the fiexor digitorum 
profundus, to whidi it gives origin. 

The aniftiar tarfacd gives origin in its upper three-fourths to the flexor digitorum 
profundus. In the same extent the louscle arises also fram the anteritar border and ihc 
mfiimt iurfacff extending upwurdi on to the medial sidi:® of the coronoid process and 
the olecranon. The rough strip which crosses the lower fourth of the anterior surf^e 
pro vidcs origin for the pronator quadratus. The anconeus is inse rted s nto the poi fmW 
wrfQCr above the oblique line alneady mcnttLincd^ and extends upwards on to the 
iatcrti aspect of the olecranon. The narrow strip between the interosseous border 
and the vcrricdl ridge gives part origin to three of the deep muscles of the Ibrcarm. 
The abductor pollicis lougua arises from its upper fourth, and a ridge may separate 
area from the suixeedinE fourth, which gives atiachmcnt to the extensor polHcis 
longus. The extensor indicia is attached m the third fourth «f this area, *Vhe broad 
strip to the medial side of the vertical ridge is devoid of muscular attachmcnls but is 
covered by the exTcmor carpi ulnaris, the tendon of which occupies the groove on 
the pckstciior aspect of ihe Tower end of the btine. The ulnar collateral ligament of the 
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wHsc-joint is ottachcd m iht up of fhe siytt^d proftH. 't'he artkulflrdtsc sepurnir* the 
of the ulna fKm tlie medial pan <>f ^p,phv«al lines of die kft 

the lunntc bone and. m adduction of the ^ rauna adult, Lawial aspect, 

himtl, frum the ndqucttisl mrrw. 






O&sLficattQn {fi^. 400, 401}-—The 
ulna Ls o^iRed from ikrec centres : one 
eaeh for the flhaft, the lower end* and the 
top of the olcemnon* Ossificaiion begins 
near the middle of the shaft* about the 
eighth week of iniTauterine life, and soon 
extends through its greaicr part Between, 
the seveiitk and eighth years, the centre 
for the lower end appears in the middle 
of the head* and extends into the stj'bid 
process. About the elei'cnth ycar^ a 
ccnirc appears Jtt tlie olecranon and forms 
a thin scale for the top of tiy? process* 
the chief part of the process being formed 
by an npwanl extension of the shaft \ 
soinctimi^ the upper part of the olecranon 
in ossified from two centres. The upper 
cpiph\"sis joins the sljaft about the 
sixteenth* the lower about llsc twentieth 
year. The former may take part in die 
i^onrtation of the trochlear notch aJthaugh 
it does not usually do so* 


THE SKELETON OF THE HAND 
Tlie skcktoii of the hand has three 
segments! (i) tlic carpal or wriei bones 
(2) the metacarpal bones or bones of the 
palm; and {3) the phalanges or bones of the 
digits. In the desscriptton which follows, 
be used to ihi; exclusion of the termis supiTTwr 
addition the terms and Jorraf* whid 

instead of {infrftfir and fiotfmur, respeclit-xly 


Tfad Untf pt alUtflinULDr of lh» BrtjcuJir 
m FH 

the terms proximal and dhtal will 

«kI inferior hitherto einfiltyud, ami in 
t are w!f-cxplanatury, will be tUili&cti 


THU CARPUij (tifis. 402-40$) 

Gonerat features.—The carpus comprises eight short bones, wliich are 
arranged in a proximal and a distal row, each containing four bones. The bones 
of the proximal row are named, froin the lateral to the medial side, the tcapfioid, 
lunaie, triquetral and pisiform ; those of the distal row» the trapezium, the irapeiwd, 
the capitate and the hamate. Of these, the pisiform is placed on the palmar surface 
of the triquetral and is seprated from the other carpal bones, all of which aniculate 
with their immediate neighbours- The other bone* of the proximal row form an 
arch convex proximaltv, which articulates with the radius and the articular disc of the 
inferior radio-ulnar joint. The concavity of the arch is direct^ distally and 
forms a mortise for the proximally projecting parts of the capttate hamate bones. 
In this wav the two rows we locked to each other and stability is assu^. 

Tlie dorsal surface of the whole ca^us is gently convex from side to side, but the 
palmar surface is deeply concave, wing to the presence of certain forward projw- 
tions on its lateral and medial borders, The^iti/ormimie liesat the medial part of the 
proximal bolder of the miuicular prominence (hypothensr eminence) which marl« 
the medial portion of the palm, and its position on the front of the triqiictrul makes 
it easy to fed through the skin. I n ad dition. the distal piirt of the hamate bone bears 
a hot^-hhe process on its palmar surface. The concavity of the hook is directed 
towards the lateral side and its tip can be identified in the living subject. It lies 2-5 
cm. distal to the pisiform and in line with the ulnar border of the ring finger. On 
deep pressure in this situation the superfidal division of the ulnar ncri e can be 
rolled from side to side <n er this bony point. The projecting lateral border of the 
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Tnqu^rat 


FlO- 40a.—Th? oarpm jnd mct^iairpitt 
of the krft hiiv\. Palrvuir »pect. 
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Tubercle cf 


Fzc. 403.—DuiAniEO (howinfl the miMcIri Attnche^J lo the pflTfitar ^pccta of the carpal oruJ 
mctoCArpal hotitm of the Idt hand. 
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Fic. 404,—The cnrpUfl uiJ rnttrarpui of 
the left hand. Donal wpect^ 




AriicvM* with mdiuM 



Km. 45J5,—DuLRTTUfi showing the inu^Icft Aliached to the dortal astt»ects of the carpiil ^nd 
itiElacarpal bone* of the left hsnd. 
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carpal groove t* formeti by the of the icafifmiit and the luhercfe of the 

trapesium. The tiibcrck is plated qjj the distal pan of the anterior Burraa of 
the suphoid and can be felt—and somet imes seen—as a small, rounded knob, ai the 
medial pan o( the protciinal border of the niusculai prominence (then jlt eroiiiFncc) 
which marts the lateral portion of the palm. 'ITie tubercle of the irapejiuin forms 
a rounded ridge which runs vertically across the anterior surface of the bone, being 
slightly holfowed out on its medial side. It lies immcdiatclv distal aj)d slight!v 
lateral to the tubercle of the scaphoid, and can be felt onlv on deep prcsssmc. The 
margins of ihe groove give attachment to a strong fibrous rctiniitLilum,Mhich 
rctarna the Ikxor tendons within an osiBofibrous, carpal eanal and so increases the 
efficiency of the Hexor muscles. In addition, the retinaculum serves to increase the 
stability of the corpus, 'the palmar and dorsal surfaces of the carpal bones—apart 
from the tritnielml and the pisiform—are rough for the attachment of ligamenis 
(r;iJiucaq>a|, iritcricaipiil and carpomcijcarjmj). 


THE INDIVIDUAL CARPAL BONES 
The ScAriioitj Boni 


Tht $^pboid bone (figs 406, A and B) ii immed fjtim its resRtihlsmce to a 

It IS the ki^l bone in the pmximiil mw and ties with iti \nng axis directed 
distil ly, lalerBtly atiJ slightly forwards, Tbc tuberdc form* a rounded elevation 
on this diitol part of xht palmar tr4r/(ff« and is directed slightly to the lateral Side. [| 
gives flttachnient to ihe fkxor rclingculum and ^ few fibres of the abductor pollicis 


Fig. 406.—The left scaphokl 

Vtewed fA) from the ind (B) ftum the paltnar enpect^ 

A B 



£^ormiI unte/A 



/Ttibtrrlt: 


distally. The ittrfai-e fur thf trapemum ond t/ic trapestdJ hottet fDtms 
convex areo, directed distally. 


The Lusate Bone 



Fia, 407 ^—Thfl left lyimic hone, 

A. Dbtimieaiil aspect. Proximokrcnil pspcCL 


A 


B 
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row of thd carpiijj. The pahnfrr almoSFt triajigukr in oullinc^ ta larger 

Anti wider than the rough^ iivrtai sttrfa^f. 'Uhr smouth, eqnircx, proTcim^tt mrfar* 
articuliitta With the mdiue and the articulAT disc tif the distal radio-ulnar joint. The 
iaier^i surfacf is nam^w oiid pi^ents & flac^ strinjluiiAr for ardcuindnn with the 
scdphoid. The m^Sai mrfact arriculaCcs with the tnqiictml and ia almost square. It 
Is separated from the distal surTaoe by a curved rid^c, which is usualiy soniewhat 
hollowed out (fig. 406, A) for aniculation with the edge of the wihdge^haped hainAir 
bone (hg. when the hand is adducted. The dfirtof surfane is deeply conca%'e to 
Hccommodate the medial part of the head of the capitate bone. 

Till TnjQtirrfiAL Umn 

llic triquetral bone (fig, 40^), uflualiy pyramidal in ahapp, is distinguIahL-d by an 
oval, isolated} smooth facet for articuLatton with the plsifortrit wHich marks the distal 
pan of ita rough, pfiimar surface h The and r/tprr 4 / mrfaits are confluent^ 

Rough distally for the aitackmertt of thr ulnar collatenil ligament of the wrist-joint^ 


Fig. 4dS.—T he left triquetni] bone. 
Pilrrmr aspect. 

Tor jti*iform ifitnt Aone 



Fig. 409,— The left pisiform bone. 
l>ors4il aspect r 

y< 7 r 6ojie 


0 


Ft/T kimaie bont 


this aspect is smooth in its proximal pan^ which articulates with the articular disc of 
the dtst aI radio-uinar joint in full adduction cf the hand. llie harrwtf surfacr^ di reeled 
laterally atid distally, forms a conmvoHConveK area^ broad proKiniolJy and narrow 
distally* 'J*he hmate futfarf, almosE gquane, is directed prosimolty and letcrallyi 

1'he Pisiform Bo.ne 

The pisiform bone (fig. 409), shaped like a pea with one flattened surface* can be 
diatinguiiihed by the fact that it possesses only one Hji-ticulizr facet. This on the 
dortai rurfaf^ of ihe bone to orlicuLate with the triquetral, and its long aiis runs 
distally and laterally. The non-articular part of the bone tends to project distally 
beyond the articular surface. Th^ floLcr carpi ulnaris is insened on iImt palmar sur- 
face and its true condnuation, viz., the pisometacarpAl ligament, to the distal part of 
the bone. The flexor retinaculum is attached to the palmar part of the lateml aspect, 
while the ahduCTor digiti minimi and the extensor retinaculum are attached to the 
medial aspect. 

TiiK TttAP£ 55 lUM fJONS 

The trapezium bone (fig^ 410} can be identified by the tubercle and grcHOve which 
mark its rough, paimar lurfaff. Tlie groove, which is medial to the tubercle, ItKlgti-s the 
tendon of the fipjicor carpi tadialjs^ and iia margins give aitachment m tlic two layers of 
the flexor retinAculum (fig. 613 and p, 640). The tvhfrftf Ib obscured to a large extent 
by the origin of the muscles of the ihefiar eminence, llie oppufiens pollicifl aiises 


Ftej, 410,^—Thts left trftpexium bone. 
For imp€^£Ad Immw tJww 


Tvhffdf 


Ffllitiar and proxiEDooiediil aspects. 

Fidwle ' Fef mtia£iirp^ Imf 



bont 


for tsf mrXfHor^af 
hons 


For n^phmd 
Aone 



hon^ 


from IB middle part, the flexor pollick brevis from its distal part and the abductfir 
poUicis brevis from iB proximal part (fig. 403). llie elongated, rough, dorro/ surfua 
is closely related to the radial art^^ before it passes fotwards Into the palm to hc^me 
the deep palniar arch. The ialrruf mrfact also is large and rough for the Attuchmenl 
of the radial collateral ligament nf the wrist-joint and the capsular hgomcnl of the 
carpometaeArpal joint of the thumb. A targe laddlc-ihapi’d mrfatt is directed dlitoJly 
and laterally for articulation with the base of the metacarpal bone of the ihumb. ^Ihe 
« G.A. 
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mDst dkial put of iht bomr pltijme betweiffi the bases of t\w first md »vand 

metAcatpal bones and ta eoviirr^ with a ^nll^ quadrilateral faeet tvhiE;b k dirir^tiMl 
distnlly mid mcdioJly to amcdatc with the base of the second meiflcarpiiJ tK>jie^ The 
tncdml surface is epveied with a hiruc, ttcntlv concavr facet for artJeulatian the 
uapczoiij bone. The proximal surface is occupied by a amaLh sliiihxJy tmUoiAed-out 
facet* which airiculucs with the scaphoki bone* 

The Trapezoid Bone 

The frapexoid bone (fiij. 411) smaU and very tn shape. Thcj!Jwf^7ifff 

surface h mugh* rntw^f and ccrn^idembly smiiiler than the rou^h* dm'sai turfa^i. Jt is 
contmoed for a short diatance on to the lateral aapeec. ^fhe disial mrfnce articulates 
with the amoved base of the second nrctacaipal bone. Trimqjular In outline^ it is 



Fic. 411.—The ieft tnipe^did bone. 
^Urfac€ Fof xajihoid htau 




Rrrttijh orwv nen^ 


t^rf^K€ 


Far fritpaium 



liorJal 


Fur T^rfHoirpcrr bQ^ 


cofive* from side 10 aide and eoilcaye from before Kack^vajdg, The rrtfdmi rur/orv 
articulates with ihe distal part of the capitate bone, by means of a slightly concave 
facet. The /alero/ rm/are articuUtes with the Lrape^ium, and the pfoxintiil surfact 
w^th the scaphoid bone. 


The Capitate BoffE 

The eapilatc bone (fig. 41 1} is the largest of the carpal bones and Hes apposite the 
baKc of the third uictacarpal bone ; lc is therefore more or less central in ppsickm. 
I'hc is rougihly triangular and fortM m concavoconvex facet for artkida^ 

tion with the base of ilie third tiielacarpol bone, fta btetal border la marked by a 
concave atrip which articulares with the medial aide of the base of the decond encta- 
carpal bonCp and ita dorsoHncdial angle usually bears a «rna]l facet for the fourth 
metacarpal bone^ Thu convex head is received into the concavity fonoed by the 
lunate and scaphoid bones. Its proxrmtd ntr/ace prtiCMlates with the lunate and ita 
suiface with tht* scaphoidp ^Fhc facet for the scaphoid is usually condniious 


F*c. 41 —The left cppitnie txme. 



Fof «ajr^fei£4 jfwkw 




F^ impend 


Fifr ^iw 


Laicnil and medial upecta. 

F^ fiouiAr 



For 4^4 hm 


With ihc facet for the trapezoid on the distal part of the lateral surface of the bone 
hut the two- may be sepamted by a rough inicrval. The medial sutfatt presems a 
large facet for the homote bone, deeper proximally thui ft is dfttally w^hcre a part of 
the aurface is non -urticular. The palmar and dortal pafmfs am roughened ; the dorsal 
is the lorgcr- 

The Hamate Bone 


The hamate bone (fig. 413) tan be identified raaily by its wedge-shaped form and 
the hcJok*likc process which projecta from the distal p&rt of its rou^U, palmar turjace. 
The concavity of the hoifh lx dinxted to the lalcml aide, uid takes pan in the formation 
of the carpal canal. Its tip aiiachmenl to the ficior retknaeulum. The dfttal 
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a *l'8ht transi^.^ gn»%-e f.ir rhe 
‘•^r nene. J’hc rest of the ^mttr turfiHt. like ibe 
rforjrt/ iwfatt. M rouijh for rhe attadimcni of li^anienw. The ihu^ turfm* is divide^ 


FiC, 4ti, ^llic left hamate home. Medial otid Eatenl aspect*, 


pidinifr 





Koti-k /(w ii«p ^rrfnrA 
*/ alttar HfMl? 


Fvr 



Ftif -UA htmt For mpiiai^ tme 


into m;o afttcolnr surfam by a faint ridRC : of these, the amalkr, latctal fBcet arricu* 
late* with the base of the fourth, and the larger, medial facet with the base of the fifth 
metacarpal bone. The fir<»eimai no/ore is the cutting etlge of the wedge and usually 
facet which into contact with the lunate bone when the hand it 

d ctedr 1 btr rnaiutl »y/^irr 1$ i^pvered by a broad articular strip, convex nroxi- 
distolly, for triquetral bcine. The foW sin/oce articulate, 
the eurfacc'**'***^ tncans of a facet which covers all but the dittn-polmar pan of 


mE METACAW'US 

General feattircs.--Thcinetscarpiis ffigs. 4'>2-405) comprises five metacatpaJ 
^ncs, which are numbered from the lateral to the medial side. They are mimature 
long bones and each possesses a rounded head, a shaft and an eijpanded base. The 
ffrad IS at the distal end of the bone and arttcnl4te.4 with the proximal phalanx Its 
Oblong, animilar surface is convex, the degree of convexity being less in the trans- 
verae than m the anteroposterior direction, and extends fWther proximallv on the 
palmar suriacc than on the dorsal surface. *rbe prominence of the kniicktcs is 
produced by the heads of the metacarpal bone*. Tlie hoses of the metacarpal hones 
are lomxd by their expanded proximal ends, which articulate with the distal row 
of the rarpua and with one another—save that the first metacarpal bone is isolated 
trom the rest and does not articulate witli the metacarpal bone of the index, 'ITic 
fhafts mi conrave longitudinally on their palmar surfaces, an amnecmeni which 
provides a hollow for the todgmeni of the muscles of the p^. The donal surface 
or each prraenw a ^ttened tnangular area in its distal port, continued prosimallv as 
a rounded nd^. These fiattcncd aiw can be fell on the back of the hand io'thc 
living subject immediately proximal to the knuckles. 

It should be observed that, whereas the medial four metacarpal bones lie side by 
^^ metacarpal bone lies on a more anterior plane and that it is rotated 
medidlv round its long axis through an angle of 90 *. As a result of this rotation its 
morphologtc^y dorsal surface ts directed to the lateral side, its radial border for¬ 
wards. Its^pslmar surface medially, and its ulnar border dorsadv. By virtue of its 
^ition thy thumb movra medially in front of the palm when it’» flexed and it can 
w oppmeu to each of the fingers in turn. The abilitv to oppose the thumb tu the 
fingers IS rendered possible by tlic rotation of the bone mcdialK. It is the most 
important factor in rendering the hand an efficient instrument for prehension, for, 
when an object ts grasped tn the hand, the fingers encircle it from one side and the 
thumb from the other, and the power of the grip is ineieased very greatly thereby. 


The Ci{.4iucters or the Isbividuju. MrTACAjtr'AL Boxs 

1 . T*’® ^meiararpal bone (fig. 414 ) is shorter aod stouter than any of the others. 
Its dottal surftow faces Isiemlly. a fact wlueb can easily be confirmed fo tlie Itvinir 
Tk '/«It 'fl ?*'* distalljjmd laterally, diVerjtioB from its oeighbour. 

The *4u^ IS flaticiwd and its dorsid surface is uniformly bread and convex fr^ aide 
'"f » conrave in its long axis and is subdivided by a rounded 

» smaller mcdml part. The opponens poliids is inremd 
!k sdjoinmgpart of the palmar surface; foe radial hcadtrf 

the first donal interosseous muscle anres from foe ulnar bonier and the adjoining part 
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of the pnlmjir surface. presenrs ei concavoconvex suTfacc formticulaiinn with 

the trapezium. On tts tatcral ^ide ii fcccivc^ the ioseniuo of the abductor puMkis 
fonifus; Its ulnar side gives origin to the first palmar intcro&scous muscle (p^ 651)- The 

fietiil [s less Caf\V^ thdJi the hcitd.& of die Other 
metacarpal bones, and is broader from side to side 
thiin fiotti its palmar to its dotml surfaiDe. On ita 
palmar surface the ulnar and radial comers are 
ertlnriced to farm two articutkiir cn^iiieorCes. mi each i>f 
w'hich * sesamoid bone glides. 

The second melacarpal bone 4^3 5! is rJie 
longest qf all the metacarpal bones, and its biise h 
the latgear. It can be idcniificd by its grooved flwjc. 
This groove (fig, fij j) is cancavc from side to aitk; 
and it articulates with the trapezoid bone. It is 
bounded on its medifti side by u deep ridgen the edge 
of which orTzculatcs with the capitate bone. The 
lateral side of the base is marked^ nearer the dorsal 
than the p^ilmar surface^ by a small, quadrikienil 
facet for the trapezium. Immcdiiitely behind this 
facet, i.e. uii the lateral port of the dorsal surface of the 
base, u small rough impression give* insertion to the 
esttcitsfjir carpi radialis longus muscle. 'Ilic palmar 
tiurracc pnsvides a sinall tubercle nr diige foe the 
insertion of the dexor carpi rtidialis. 'IliCTnedial side 
of the base articuktea w iih the late ml side of ihe 
base of ihc third metacarpal bon^ by a stn'p-like facetf whieh is conaTricted at tta 
middle. 

Tlic rha/t h prismoid in form and cuned so os to t>c convex dorsully in its long aaia 
and concave towards the palm. It has mediah lateral and donml surfacc^.^ The dorsal 
surface is bmad near tlw head but nairows into a ridge as it approaches the ^e, 
''rhia surface ia eq^-cted by tlie extensor tendona of ihe index and its coti- 

vetEing iKirdetB oommeiiec in ri,vii little mhcrclea, wliich ar%^ situated otie on each side 


Fto. 414^^—first riglu mesa- 
carpal bone. l^tEinar arid 
ialrml aspects 



Fig- 41 S-—The kft wcand metaesrpal hone. 
DorsJ lateral and medial aspects. 


Flo, 416.—-Tlie left third mEiacqrpal bone. 
Lateral and medial BSpoOM. 






of its head. 1 nt tmtraf surjare inclines domUy at its pre 
10 tfi« utiur head of the firet donal itifeToaseou, muiiele. The tnetiiid 
inclinw dore^ly «iw pmsimoJ end end is divided into tw o neerly 
f«m ftdge. Of the^. the ii«,« j,w« omm to the wtond p^.lmar intS-oi^ 

and the more danal to the radial head of the second dorsal interosseous 


proximal end : it btv« orimn 

head of the first doraa! t. _ j- i “ ^ 

live irftfjdJ tutfiut also 
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llic tubercles at the aide of the head provide atcaebment for the coJlateral Iijfft* 
menls of the meu^arpophidanueal joifit. 

*T]hc third metacarpal bone (hg. 416) can be idctilificd by means of the short 
sty!oid which projects in a pmxitnRl direction fmm the radial side +if the doisaf 

surface of its base. The hmf articulateSn pmsiinally^ with the capitate hone by rneans 
of V fftcei which ia convex in iti palmer portion hoi coticavc in its dorsal portiim, 
whfri! it covers the styloid process. The kieiat of tlie ^se ia tiiarked by a 

atrip-likc facetp constricted at it? middle, for articulation with the metacarpal bone of 
the index. On its tnedml side it articulares with the base of the faurth metacarpal 
bone by means of two small, discrete oval facets. Samctunc-ii the more palmar facet i$ 
abt^ent, and teas frequently the two may he connected by a narmw bridge along the 
media] border of the bssts The palmar surface of the base receives a slip ftom the 
dexor carpi radialis tendon, while its dor^J surface, immediaTcly beyond the styloid 
proem, giTfea insertion lu ihc extensor carpi radialk brc^ii, 

TJie thet/t resembles the shaft of the metacarpal hone of the index. Its latctnl sur¬ 
face gi^xs origin to the ulnar head of the second dorsal tncerosseous md iis medial 
surface to the mdial head of the ibird dorsal inlemsjieous musiclex Tlic palmar ridge 
which separates these nvp surfaces gives origin, In its distal two-thirds, m the trans¬ 
verse heiul of the adductor ponicis. Its dorsal surface is oo%‘ered by die extensor 
tendon of the middle Bngcr. 

The fourth melacorp^l bone (fig, 417) is shartcr and more slender dmn the 
Kcojid and third metacarpal bones. It can be iden tilled by examination of the sides of 
Its fruie. The iatemi aspect bears two smaih discrete facets for artkulHfion with 
the third rnetacarp:|] bone. Of these the more dorsal k ustialiy fbut not always) ilie 
larger, and its proxirnal part comes Into conlact w ith the capitate bone* ITic metlial 
aspect is rnarked by a single elongated facet for the hfih metacaipiil bone, 
proximal surface articulates with the hEimate botw by a qiiadrangulaf' facerp the palmar 
aspect of which is convex and the dorsal concave. 

The j/w/t Tcsemblcs the shaft of the metacaipil bone of the index finger, but its 
lateral surface is traversed by a faint ridge, which ,'ccparates the origin of the third 
palmar interusscous from the origin of the ulnsr head of the third dorsal IntcrosseOLLS 


Fio, 417,—'Iht left fourth metMCdtpHl 
hone. Lflieral and medial Bipceta, 


Fic. The left fifth mciaenrpal 

bone. LaEerul and medid aspects. 



muscle. Tlic medinJ surface gives origin to the radial head of the fourth doraal 
intercksacaus muscle. 

The fifth meiacarpaL bone (Hr. 41S) cap be identified by the fact that the medial 
surface of the bme is ncm'PrticulAr and presents a tubercle for the insertiun of the 
cxiensur id nans. The proximal of the buie is cti^^ied by a facet, con¬ 

cave from side to Kidc and convex from its palmar to its dorsal aspea^ for artlruUfion 
with the hamate tN^ne. Its lateral aspect presents an chjngatcd strip-like facet for the 
iourtli metacarpal bi>ne. 

The thii/i IS characterised by ihe fact that the iribingulat area on its dorsal surface 
reaches almost to the base and that only the latejml sLurfecc incLmea dorsally at its 
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praximpl TKe iricdlal surface gives insertion kj the opponer^ digiti minEmi ; the 
literal turface ta divided hy m km^itudm^l rid«Cp sqtmcilipci qtiite sbsiTp and diaiincTj 
imo a paJnmr strip fhr the origin of the fourth pdniar inKrtosseouSp mid a dorsal strip 
for the origin of the ulnar bead nf ihc fourth dorsiil intcruweouji muBolc. 

TICE PRALANGES OF TFIE ILAND 

General features*—The phaUnges arc fovtrtccn in numberp ihree for each finger 
and tutrfor the thumb. Each has ahead^ nshaft and a base orproxiimol end. In cadi 
the shaft tapers to its distal end and its dorsal surface is convex from side to side. The 
palmar surface is flattened from side to side, but Lb gently concave Foniriirdid in its long 
axis* The basts of the proximaJ pitahuigos arc marked by concave, ov^ faects for 
arttcuktion with the heads of the metacarpoJ bonesp Their htniis arc pulley-shaped 

Fio. banes of iht hand of 1 child, indicsiina the grnciml pltin of us-siliciition. 
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and encroach larther on the pdixior than oti the dorsal surfaces. To conform to the 
shape of the head of the pmxiinal phalanx, the base of a middk phalanx h marked 
by two $mall, concave facets separated by a smooth ridge, The head of ihe middle 
phalanx also is pulky-ahap^ and ihe base of the distal phalanx conforms to h The 
head of the distal phalanx k non-ardcular^ but k marked on its palmar surface bv a 
rough* horscahoe-shaped tuberosity^ which serves to support the sensitive: nulD'nf 
the finger-tip- ^ ^ 

Particular features.—In addittnn to providing attaehmcni for the ligaments of the 
joinw in which they partidpHtep the phaLmges give insertion to numenHis musek* 
TTu; base of the dktul phahinr gfv^ dttachment on its palmar surfact: to the comsl 
aponding tendon of the >kwr digilarifm prqfttndus end on its dorsd surface to the 
fjctemor digstonm* The sides of ibc middic phalanx receive the insertion of the 
digitonmt suptrjittalii tendon (p. 629) and the fibntm fffxof shtaih. It?) hose hi 
A ttaeJimeru on m donal sorfice to M part of the eximior dissitmtim tejulon. sid^^ 
of dw proximal phalanx give sttacbment to the /fip.w hjaic leceiv 
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i>n m Sutcnil aidt, pun af the insoriion of th^ correspond htffihriral muirU und nn 
nifrfrJjjftKTir tffuuir, and on itfk medial side another inirnifta^nti msist‘ir. 

'JItc phalanjtcj of the ItuU fiug^ and the differ in curtain refipeeia fttim the 

other three. The medial side of the base of the pnjsirmi pholEtnsc of the littie finder 
TCccisx^ the insertion of the minimi and the Jiexor digitf mimmi, 1'he 

base of the proxitnal phatanK of the thumb receives on its dorsal stlrfiicc the tendon of 
the exlrmor pfdUck i>rfvis ; on its iaieral aide ihc abilui'tor p^iicii the fiexQr 

pQilids hrrvit and die lateral part of the oblique hi^d of the tidthfinr pniliHt ; and, on 
its medial side^ the tranFv^tr and the remainder of the ohUfiue head of the jitft/trrfQr 
potiicij and poinmr mirnuirma tnuseie. ITie margins of the pnnu'inat phalanx 

nf iht ihumb are not sharp like those tif the other dieiis, aa the librnos nheath is not s^i 
strongly dcvclL.ipcd in the ease id the diumh. 


TllK OSv^tFlCAtlON OF TIIH BoNKS OP TllE HaMS 

The centre for the capitate bone, v^ hkh may be present at binh in the female, h 
the first to appear and that for the ptstform bone is the last, but the order in which 
the other carpai bones ossify h subject to considerable variation. In ike ma!e, the 
capitate And the hamate ossify during the ftm year ; the triquetnil bone, duritii^ the 
third year j the lufiatc bone, during the fourth year i tlic scaphoid hone, during 
the fifth year ; the trapezoid and the trapezium^ betw^een the fifth and sixth yea^i^ 
the centre for the trapcKoiJ uandly appearing before the centre for the tmpez- 
ium • : anil the pisiform boncp about the twelfdi year. 

Occasionally an additional bone, named ihe or cr/i/rii/e (p. 443), is fonnd between 
the scaphoid^ trapezoid and capitate Ixities. During the second nnonth of jntni' 
iitcrine life it is represented by a small cartilaginn^UA nodule which usimlly fuses 
with I he cartilaginous scaphoid. Somtiimes the styhhd process of the third meta¬ 
carpal bone is detacficd and forms an additional oisi,sic!c. 

The metacarpal bones are each ossified from two centres : a primary' centre 
for tite shaft, atid a secotidafy or epiphysial centre for the base or proxiinai end of 
the first and for the head or difllaJ end of each of the other four. The metacarpal 
bone of the thumb is ossified like a plialanx, and therefore some anatomists look 
upon the skeleton of ihc thumb as consisting of three phalanges^ and not of a meta¬ 
carpal bone and tivo phalanges ; odters iHilieve tim the distal phalanx represents 
fuskl middle and distal phalanges, a condition wludi has occasionally been observed 
in the little toc.f Ossification l>egifis in the middle of the shaft about tlie eighth or 
ninth week of intrauterine life, the centres for the second and third metacarpal bones 
being the first to appear, and ibal for the first metacarpal bone the last. Iktvvcen tlie 
ninth and the fifteenth months the base of the first metacarpal bone, and the heads of 
the other metacarpal bones, begin to ossify ‘ they unite with the shafts before the 
eighteenth year. 

It has been suggested (Parsons) that the presence of an epiphysis only at die 
distal end of a 1)43ical mctaoatpaJ may be associated with the greater range of mov'e- 
mcni which the metacarpopbabngea! joint enjoys^ In the thumb, on the odier 
hand, it is the carpometacarpal pint which possesses the wider range of movetnent, 
and the presence of a busa! cpiphj'sis in the first metaL^rpal bone may be attributable 
to this fact.f Occasionally a distal epiphysis also is present in the first, and a basal 
or pro.\iniiii epiphysis sometimes occurs in the second metacarpal. 

The phalanges arc each ossified from two centres; a prirruiry^ centre for the 
shaft, and a secondary or epiphysial centre for the proximal cxiTcmity- Ossification 
begins in the shaft about die eighth w eek of intrauterine life. The epiphyses for the 
bases of the proximal row of phalanges appear between six and twelve months, and 
those for tiic middle and distal rtjws of phalanges six rnontlis later. .All unite with 
the sliafts by tlic seventeenth year. 

• 1, Pn'or, J. Afuii., 6 x. reiS. 

f Bmom (Oj^ijpu of ilit Ifunwirr Sikfiftoti, Wdhtrhy, I-andiio, 113jo) hu put forwutd mn 
mi^eniouF cnepfuuintion for the peculiar nuidic tif ossifcaiicn of ilie intiucarptt bone of the 
diufiib. 11 is tbriP-r)^ has, however, b«n suhjecred lo aentiuj enUEiisni by NichalMiri. r‘ Studies 
on Tumour Formalion," Hoipiud ilrpCKFti, vol- ^7^ Nu. 1037 )^ who h»s brought 

fDrwxJTxij evidcucr show Ltui^ ^^ hen ihe ihutnb pK^^ew^s an additiormi phttlonx. the con* 
dirion it always ^ocisted with the pnrscncc oF a dtatril ai W'Vll at A pimximil epiphysis for 
its mclacTirpa] bone, f'he futiwcsrpal bone of the thurnb mitie times bifurcates at its dlfttul 
end. In these cases ihe inedial bnuich, ivhjch h^ a diital epiphyais, bear* a digit with three 
phaliingies, while the laEcrat branch, wKicIv Kss no diSTal ep^phy^is, bean a diRlt with Ewa 
phalallgeSr 
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In the distal phalanges the centres for the shafts appear at the distal ends instead 
of at the middle of the shafts, as in the other phalanges. Moreover, of all the bones 
of the hand, the distal phalanges arc the first to ossify, and the middle plialunges the 
last. 

Applied idrt£*fOFn,v.^'t'hc nue of X-rays has shown that the carpal bones are more 
frergucntly fractured than was fomicrly supposed. \^'hen a si rule bone is broken it is 
usually the scaphoid and, as a rule, the frmeturc runs at right angles re the lung rueb nf 
the bone- I'ollowinp fraetuii' through its proxiitiiti part or through the ' wakt * of the 
bone, non-union is by no means uncummon and may, in some cases, be due to the 
fact that the proximal fragment, which is devoid of nutrient foramiRa in tj per cent, 
of eases (p. 38+), has been cut off fram its blood-supply. 

Dislocation forwards of the lunate bune U not unermtmon and it is often associated 
with fracture of the scaphnid.* The displaced lunate bone may compress the jnedion 
nerrs: against the flexor retinaculum. 


THE HONES OF THE LOWER LIMU 
THE HIP-BONE [OS COX.^l] 

General features,—The hip-bone (figs. 430-423) is a large, irregularly shaped 
btme, constrieted in the middle and expanded above and below. Its laiwal surfare 
is marked near its middle by 3 deep, cup-shaped hollow, temiftl the acetabulum, 
which forms a secure socket for the rounded htnid of the femur, Bfloui and r/t froni 
of tlie acetabulum the hone presents a large, os'al, or triangular, gap, termed the 
obturator fonuncB. Above the acetabulum the bone fonns a wide, bauened pbte, 
with a long, curved upper tsorder termed the illae crest. With this informaiion the 
student should have no difficulty in assigning a gisxn hip-bt)ijt‘ to its appropriate side 
of the body. 

The hip-bone articulates in front with tJie corresponding bone of the opposite 
side and the two bones form the pelvic girdles of tbc lower limbs (p, 356). Each 
consists of three parts, named the ilium, the ischium and the pubis, which are con¬ 
nected by cartilage in the young subject but are united by bone in the adult ■ the 
union of the three parts takes place in the walla of the acetabulum. The lines of 
fusiiiii are shmvn as stippled banils in figs. 421 and 433. The i/ri«n includes the 
upper part of the acetabulum and the expanded, flaitcncd area of bone above it ■ 
the iiehism includes the low'er port of the acetabulum and the bone below and behind ' 
thcpu6;> foriM the anterior part of the acetabulum sntl scparalM tlic ilium from the 
ischium in this situation ; in addition, it forms the anterior part of the lower portion 
of the hip-bone and meets the pubis of the opposite side in the median plane 
The ilium.—General feaiuru. The ilium, so named because it supports the 
fiank, possesses two ends and three surfaces, 'fhe lower end is the smalJer and 
forms rather less than the upper iw'O-fiftbs of the articular surface of the acetabulum' 
the upper end Is greatly expanded and compressed to form the iiiae ant rhe 
surfaces are named the gluteal surface, the sacropelvic surface and the ill^ fossa 
The gluUai atrfaee is directed hackwarda and laterally and forms an extensive roueh 
area ; the iliac fotta is smooth and gently hoi lowed out and occupies tile anterior and 
upper part of the medial aspect of the ilium ; the taaopflvie surjaet also is placed 
on the medial a.4pect and lies behind and below the iliac fossa, separated from it bv 
a ridge, often letmed tlie medial border^ 

The iliatr emt consiitiites an upper border for the ilium. It La conves upwards in 
itB general outline, but is sinuously curved, being concave inw ards in front and con 
cave outwards lirhtnd. Its anterior and posterior extretniiics project 3 little hcvond 
the bone below and are termed respectively the anterior and the posterior suocrior 
iliac spines. The anterioe lupcriar tpiae lies at the lateral end of the fold of the tro 
and can be felt without difficulty in the living subject i the posterior superior 
cannot be felt hut it can be idi-ntmed readily, because its position is indicated bv a 
small dimple, which ties about 4 cm. lateral to the second spinous tubercle of riir 
sacrum above the medial part of the buttock. Morphological[y the crest consists of 
a long ventral and a shorter dorsal segment. ’Hie ventral segment forms rather more 
than the anterior two-thirds of the crest and is associated with alterations tji th 
form of the ilium which mwc necessitated by the adoption of the erect attit 
the dorsal segment forms rather less than the jjosterror third of the crest and c^be 
■ \\\ \\\ GUfardc R. rj. EkhTron unJ L:. l-jitifbrinEjdl, 


PLATE Xlir 



* of adult pclvia. The uj;rt>cr amow indjctkcft ihe line of 

gie «acro-di«! joint \ tBE lower arrow pabu lo the upper border of the usetabuJimi. 
ZNote the vhadow of the curt^rd upper border of the obluratot forarncfi it in lint 
wuh that of the lower border of the nrctk of the ftoiiu', llailkilEieista often refer to thu 
eiiiirinuoua curve m * f?hcniaii'« lint *. 



^J*^*j^i~^*^**^**^ of ibe peivy of a bojr, ifred 6 yemrs. The epipbv^ii for the 
held of the femur h wieU formed ind the lirw of in epiph>m^ cartila^ k prartkilly 
hori zontal (p. 4 f 9 Jr The Mnne far the itreater uochanier has not yet appeared. I'hc 
nanj of the lu^hium and pubia are sttU connected by lardlage^ and the tdruliaie card bat 
of the acetabulum ia wide. ” 
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Hadtognph of th» kne* ivekiii of in adult, L«t«tal tHw. 
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identified in zil aniinaj?. The ventral segment af the crest h bounded by an out^r 
and an innfr Une^ enclosing a rough intermtdiau line, which h narrowest at its middle 
and becomes mder boUi in from and behind. The tubtr^ff of /Ar mst ffig. 4^0) 
forms a prominent projection on the outer lip about 5 ctn. or mori: behind and al;rave 
the anterior superior spine. The dorsal segment presents two sloping surfaces 
separated by a wethmArked ridge, which terminates in the posterior superior spine. 


Kic. 4^0.'—I'he kft hip-bone. EKicrruLl surfoee. 



The Jiighest point of the crest, which is a little behind its midpoint, is on the same 
!ev*cl m the interval between the apinea of the third and fourdi lumbar vertebrse. 
The /owfT end of the ilium will be described with the acetabulum (p. 401). 

The anterior border of (he dlum descends to the acetabulum from the anterior 
superior spine. Its upper part h rounded and concave fonvards ; its lower part 
presents a roughened projecdon, termed the anlefior inferior iti^ xpine, which lies 
immediately alwive the anterior pan of the ai^tahulum. 

The posterior border k irregularly ouned (fig. 423). It commences at the 
posterior superior spine and runs at first downwarck and' forv^ards, with a backward 
concavity, forming a small notch. At the lower end of the notch the bone presents 
a wide, low projection, termed the posterior inferior sp 4 ne^ where the pcJsieriOT border 
makes a sharp bend. It then runs almost borizcataUy forwards about 3 cm. 
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Gaaiiy turns downwards and backw^dfi to bcirooic cootinyous with the |»§terior 
border of the ischium. As a result the posterior border shows i deep notehp lernied 
the grtater ^atic noUh^ which le bounded above by the ilium and below by the 
iliujn and bcbium (fig. 423)^ 

The medial border is pl^ed on the medial surface of the bone and separitcs the 
Uhc fossa from the sacropelvic surface, Indisdnct near the cml, it is roughened 
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in its upper part, then sharp and clctr-cut where it bounds the articular suria« fni- 
the sacmin. and finally smooth and twinded. The last-named portion fonn^ thl 
iliac part of the llnea terminnlis-thc line that marks the boun’Siy it 

jK'lm major and the pel™ minor; at it* inferior end it reaches the Werior of 
the ihitperhmal mtnitice, which is placed at the union of the ilitinj with dir 

The gluttal atr/aa (fig. 4*0) is directed backwards and laterally iq io posteSr 
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pm, and laterally and slightly downwards in front. It h bounded above by ihc iliac 
crest,^ below by upper border qf the acetabulum and in front and behind by the 

anterior and |>oatertor borders. The surface^ as a whole, is smooth and curved^ 
twing convex in front and coocavc behind, but it h marked hy three roughened 
ridges termed the posterior, middle and inferior gluteal lines. *^rfic potteriof gfutr^l 
hne, which is the ahortest of the three, begins abov^e on the outer Jip of the crest 

Fic. 432.~The left hip-bofi^. Internal luifaee. 



about 5 cm. in front of its posterior extremity and ends below, a short distance in 
front of the posterior inferior spine. Its upper part is usually distinct^ but its lower 
part La ill-dcAned and frequently absent. The ant^or glatmt /me, which is the 
longest of the three, begins about the middle of the upper margin of the greater 
sciatic notch and ruAS upwards and forwards to become confluent with the outer Jip 
of the errat a little in front of the tubercle. The itifmor ghifc&t /iW, w hich n rarely a 
prominent feature, begins a litdc above and behind the anterior inferior spine and 
cui^'ca backwards and downwards to end near the apex of the greaier sciatic notch. 
Between the inferior gluteal line and the margin of the acetabulum tlicrc is a rough, 
shallow groove on the bone. Behind the acetabulum the lo%vcr part of the gluteal 
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surface becomes continuous with the posterior surface of the ischium. The site of 
union of these two clemems is marked by a tow elevation. 

'Fhe j7«u: fossa txicupics the anterior and upper part of the medial aspect of the 
ilium. It is limited above by the Lilac crest ^ in front by the anierior Nirder^ and 
behind by the medial border^ by which it Is separated from the sacropelvic surface- 
The surface Ls smooth and gendy ccmcavc and forms the posterolateral wall of the 

F1O4 453 .-^Kcy to fig. 4ai, 
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pelv« maj&r pelvw). Below, it is onntinuoiw with 1 shallow gmovc (%. 422) 
bmtnd«d laterally by the anterior inferior spine and cnediaUy by the iliopcctincd 
eminence. 

The laaopeliM tmfaet (fig. 422^ occupies the posterior mid lower part of the 

media] aspect oftheilium. Iiisboimdcdbehind and below bytheposteriorborder, 

io front and above by the medUl border, and above and behind by the iliac crest! 
It is subdivided into three areas, via., the iJiac tuberosity, the auricular surface and 
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the surface. The iliac iubironty is. an extensive, roughened, tubejoilstc^d and 
pitted atea which lies immediately below the dorsal segment of the iliac crcsi. ft 
gives attachment to the strong ligaments on the dorsal surface of the sacro-iliac joint. 
The auricular surface (fig. is placed immediacdy below and in front of the 
tuberosity»and articulates with tht lateral mass of the sacrum, it is slipped like the 
auricle—the wide expanded portion lying above and in front, and the lobule below 
and behind* covering the medial aspect of the posterior inferior spine. The edges 
are sharp and dearly defined, but the surface, although articular, is finely roughei^ 
and irregular, 'fhe pehie surface lies below and in frant of the auricular surface 
and helps to form the wall of the pdvia minor (true pclds). It comprises an upper 
and a lower portion, 'rhe upper portion faces downwards and lies betweeo the 
margin of the auricular surface and the upper border of the greater sciatic notch. 
I’he lower portion faces inwards and is separated from the iliac fossa by the iliac 
part of the linea Terminally. '^I'he Line of union of tjie j I turn with the Ischium is 
completely oblilcmted on this surface. 

Pariictilar features.—llic Itiac crest forms the lower limit of the waist and gi wy 
attoclunent to the lateral musclea of the Abdofiiinal wall, io faacia^ and muaclcs of the 
lower limb and to rnusdes and fasche of the back (fiB®. 421,423)^ I'he oulift lip of the 
ventral segment (p. 3^2) givey attacliment to the taaoH bia, including the dtotibial 
tract; in front of the tubercle of the cn^l it gives origin to the tensor fascia: lata; l in 
Its anterior two-thirds it provides insertion for the lower hbres of the eytemRl oblique ; 
And just behind its highest point it gives origin to the lowest hbres of the iBtisyirnua 
dorsi. An tnterv'iil of variably size imervertiL^ between the po:sterior limit of the in¬ 
sertion of the external oblique and the anterior limit of the origin of the lati^imus 
dorsi I La this siiuaTion the crest formis the base of the lumbar triangle. 'Fhe inter^ 
mediate line gives origin to the intemal oblique muscle. ^Jlie inner Up in ity interior 
tw^o-thirds gives origiji to the transvetstia mu$c1c ; and behind that to the lumbar 
fEnscia and thy quadmttu lumborum muscle. The dorsal segment (p. 392) gives origin 
on its lateral slope to the highest fibres of the gkitcuy maximus, and on its medial slope 
to tile erector spime muscle. 

I’he tatcrioe supeHor spln-e gives attachment to the I Literal end of tljc inguinal 
ligament and below that to the sirtorius muscle^ which exienda downwards for a short 
iJistanci? on the anterior itordcr^ The anterior inferior spine is divided indistinctly 
in 10 two areas, ^fhe upper gives origin to the stmjght head of the rtetua femoris and 
is placed on the front of the Spine. The lower oovens the inferior part of the spine mnd 
extends in a lateral direction saJong the upper margin of the scetabulucn ; it is a rough 
impression, irrejijrularly triangular In shape, oiid attachment to the strong ilio¬ 

femoral ligament. 

The upper part of the posterior border gi^'es attachment to the upper fibres of the 
sacro^tuberuus ligament. Tn front of the posterior Inferior ypine (j^c. on the upper 
border of the greater sciatic notch), it gives origin to fibres of piiiformis and, in front 
of that, is rclaied to the superior gluteal vessels and nen c as they emerge from the 
pelvis. The lower part of the posterior border (i.e. the lower margin of the greater 
sciatic r^otch) Is covered by the piriformis muscle and is related to the sciatic nen c, 
although the nerve Iks for the most part on the Uchiuni. 

Tlio gluteal surface is divldet! into four areas hy the three gluteal lines (fig. 4-Soh 
(a) I'he area behind tlie pi^sterior gluteal line giva origin in its upper roughened part 
to the upper fibres of the gluteus inaicimLifi ; its lower, smooth port gives attachment 
to some nf the fibres of the sacmiubermis ligament. (6) The area between the paste riot 
and anterior gluteal lines, bounded above by the iliac cnesC^ gives origin to the gluteus 
medius mttscic. (c) *l*he area between tJie anterior and inferior glti teal lines gives origin 
tn t he gluteus minimus muscle, (d) The area below the inferio r gluteal line is marked 
by numerous vasculor forEmina. TIte groove above the acetabulum gives origin to the 
rcRvctvd head of tile rectus femork, and the area adjoining the rim of the ricetahulum 
affords attachnHrnt to the articular capaulc of the hip-joim. l*be greater part of this 
area is covered hy the li'luteus minimus mimcly, but behind and below^ in the pelgh* 
buijxhood of the site of union of the ilium and Ischium^ the bone is related to the piri¬ 
formis muscle. 

'Hic upper [wo-thirds of the iliac fossa provides origin for the iliocus muscle (fig- 
40.3), which covers the lower iliird but is not attached to it. branches of the ilio¬ 
lumbar artery run between the muscle Etnd the hone, and one of them enters the large 
nutrient foramen which k often present at the posterisj-inferior part of the fossa. The 
groove between the anterior Inferior spine and the iliopectineal eminence is occupied 
by tlie converging fibres of the iliacus muscle laterally and the tendon of psoas majot 
mediaily ; the tendon is separated froin the bone near the act:tabuhim by its synovial 
bursa. Qn the right side the iliac fossa contains the cxcum mid the temnimil part of 
rhe ileum ; on the left side it contain^ the terminal part of the descending colon. 

The lilac tuberosity of the sacropelvic surface gives altachment to the dersa! 
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&acTO>ilinc liganicnt» and, immcdlfttelj' behind tlie auricular surface, to the inter- 

assenus $ac^^>-iii&^? ligamunt. The upper and anicnur part of the tubcftk^uy Riv^ 
aciacilimenT to the Uiolumbnr &r\d this urea Jies Immediately below the medial 

part of the ortjjini of the quadralua lumborum from the piae emst. The ^urici^ar 
Biirface articulates with the tipper two snd a half sacral vertebraj (tivo only^ as a rule, 
in the female). Its ante nor and inferior border^ are shaip and t:ive attachment to the 
ventral sacro-iliac ligament. The Upper pan of the peLric surface bctw'ccn _ fhc 
inferior mat^in of the atiricular surface and the upper mar^o of tlie ^catet selatk 
noteh is often marked of frma/c sui^f^cts by a Toughened j^roove, which is termed the pre- 
atiruiiinr ii i?ives atiachment 10 the iowncr fibres of the ^'entral wem-iliac licameni^ 

Lateral to the sulcus the bone givci origin to fibrea of the piriformis muscle. The rest of 
the pelvic surface £ckea ori^tn to the upper half or less of the obturator intemus muscle. 

The pubis.—General features. The pubis forms the smtenor of the 
Kip'-bone and meets the pubis of the opposite side in the median plane to form a 
cartilaginous joints termed the pubic symphysis. It possesses a IkhIVi which lies 
anteriorly; a superior nunus^ which passes upwards and backw^ards to the aceta¬ 
bulum ; and on inferior ramu^, which passes bockwards^ downwards and ktendly 
to unite with the ramus of the ischium on the medial side of the obturator foramen. 

The body is compressed from before backwards and presents anterior, posterior 
and symph>'Siui (or medial) surfaca and a free upper border termed the pabk mst. 
Tht anterior surf^ace faces downwards, forwards and slightly laterally in the erect 
posture; rough in its upper and medial parts, it presents a smooth surface else¬ 
where, It is directed tow^ards the lower liinb and affords attaclimcnc for the medial 
group of muacica. of the thighs The posterior surf are is smooth and faces upwards 
and backwards, fomiing the anterior wall of the pelvis minor ; it is related to the 
urinary bladder. The symphysiat fvrface is an elongated oval arca^ covered with 
cartilage in the recent state and articulating with die opposite pubis at the pubic 
symphysis. When denuded of cartilage it present* an irregular surface, marked by 
a number of antoJI ridges and furrow's or by small nodular elcvatioris. 'Fhe pubic 
crert is the rounded upper border of die body. It is projected forwards and over¬ 
hangs the upper part of the anterior surface (fig. 420), Its lateral extremity forms a 
rounded projection termed the psibk tubercle. Both the crest and the tubercle can 
be feh through the skin in the living subject, but the latter is obscured by the 
spennatic cord, which crosses its upper aspect as it passes upwards from the scrotum 
to pierce tJtc abtlotiunal walb 

'I'hc superior r<mHS of tlie pubis springs from the upper and lateral part of the 
bodvp and passes backwards, upw-arda and laterally alxjvc the obturator foramen to 
reach the acetabulum. It is triangular on section and lias three surfaces and three 
borders. The pectineat surface is directed fonvarde and slightly upwards. Tri¬ 
angular in outline, jt extends from the pubic tubercle to the ihopiictiiical eminence 
(fig. 430). It IS bounded in from by a rounded ridg^ termed the obturator crests and 
behind by a aliarp edge tcnncd ihc ^etinralHue, which together with the pubic crest 
constitutes the pubic part of the linea tcrminalis (arcuate line). The pehie surface 
which ts directed upw ards, hackwards and tncdEsily, is smooth and reaturdess ; ii k 
narrower ai its lateral tlmn at its medial cxtremiiy, where it is continuous with the 
ptistcrior surface of the body. Ii is bounded flbovc by the pectineal line and bclow^ 
by a sharp edge which forms the inferior border. The obturator turfuce is directed 
downwards and backw ards, and is crossed from behind forwards and downwards by 
a gTiM)VC termed the obiuraif^gro&tr. It is bounded in front by the obturator crc.^t 
and behiml by the inferior Iwrdcr- 

■J'ko m/erior ramus springs from the lower and lateral part of the bodv and pai^es 
backwards, downwards iind laterally to unite with the ramus of the ischium cm the 
medial side of the obturator foramen. The site of union may be marked bv a loeal- 
ifled tfiickeuing, but is often difficult to identify in the adtilt bone. The ramus has 
two surfaces and two borders. I'hc anterior or outer surface 13 continuous above 
with the anterior surfaci! of the body ; it is directed towards the thigh and is 
roughisned for muscular attachment.-!. It is bounded laterally bv the margin of the 
obturator foramen and medially by a rough ^terior border. I'hc posteriw or inuer 
surface is continuous above willi the posierior surface of the tK>Jy^ and i$ convex 
from aide to ride. Its medial part if oflcn prominently everted in, male aubjects 
(fig. 430) and is in coniacl with die ems of tlic penis. It is directed medially tovrarda 
the ficrincura. Its lateral p^rt la smooth and if directed upwards towards the pelvis 

Particular features. —Tlie pubic tubercle gives attachment to the medial end of 
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the ini^inal ligament ; tt lies in the firtor of ihe superacial inguinal dng and is 
by ihc spermatic cord^ Tht ascending limb^ of ihc Inops of the cremaster 
muscle are attached lo the tubcrde and to the anieiiof wall of the shrath of the rector 
al>doniirii$ muscle« The ktcml pan of the pubic crest gives origin to the lateral head 
of the rectus abdnminii^ and tlie bone below to the pyrainidalis. The medial psin of 
the crest is crossed by the medial head of the rectus abdominia^ which takes origin 
frojn an interlacemem of fibfti in front of the upper part of the pubis and pubic 
symphysh. The unterwr surface of the body is directed towards the adductor region 
oY the ^igh. A roughened STrip^ usually wider in the femiile, marits the medial part 
of the suiVacc mid ttives attachment to the ventral pubic ligament. In the angle 
between the upper end of thia sidp and the pubic crest the rounded tendon of the 
□ddutKir longus takes origin. At a slightly luivcr level the gracilis flriaes from a linear 
origin close to the medial border of the body and extending downwards on to the 
inferior ramus. Lateral to the gtadlis the adductor brevis mrises from the body and 
the tnferinr ramns. The latent] part of the anterior surface, and the adjoining portions 
of both rami provide origin for the obturator externu? muscle 4-0' 

The posterior surface of the body is separated from the urinary bladder by the 
retmpuhEc pad of fat. About its middle it provides origin for the anterior fibres of the 
levator ani muscle, and more laterally the obrumter intemuss arises from this surface 
and extends on to both nimi. Medial to the origin of tlie levator ani, the pubo¬ 
prostatic ligaments arc aitached to the bota.% 

The lineal tur/a£€ of the superior ramits gives origin, along iti upper part, to 
the pectineus muscle*, which cov^ers the rest of the surface (fig. 411) but is nor anachcd 
to it. The pcctlaeal linOj which forms die upper boundary of die pectineal surface^ is 
a Halicntn sharp ridge. Ac it* medial cud it gives attachnient to the conjoint tendon 
and the lacunar ligament^ and thmUfihout the rest of its extent it alTorda attachment 
to a strong fibrous band ofcen termed the pectineal tigamenl (p. 502). .About its middle 
ix receives the insertion of the pwsas minor. The prlrfc surface is smooth and is not 
cov ered with muscle or fascia. Tt is separated from the parietal peritoneum only by the 
intervening subpcrifuneal tissue, in wbich tlie lateral umbilical ligament runs down- 
w^arda and forwards across the ramus and, near its lateral end* ihc vbs deferens passes 
backw'ards. The ohtaratcr r on the obturator ourfacc is converted into a canal 
by the tipper borders of the obturator membrane, the obturator inlemus and the 
obturator extemua tnuscica. It Transmits the obturator vesseb and nerve from 
the pcUHg to the thigh, where they emerge under cover of the pcctincus muscle. The 
ohiuratoF crest (fig, 4^1) at its lateral end gives attachment to sonic of the fibres of the 
pubofemoral Kgament. 

*J'he outer surface uf the inferior ramus gives ori^n to the greciliSp the adductor 
brevis and the obturator cxtctmiSK named from fbe medud to the lateral side. In 
Liddition, flic origin of the adductor ms^nus usually exu-nds from the mtnus of the 
iachium on to the lower part of the inferior ramus of the pubia in the intci™l bcfroccn 
the adductor brevis and the ghiurator extemua. The inner surface is divided into a 
medial, an iiitenncdtelc and a lateral area* but they arc not scpamied from one another 
hv ckar-cut matkinga on the bone- The medial area faces dowmwards and medmUy 
and is in direct contact with the crus penis; it ts Limited nbove and behind by an 
indistinct ridge which gi^-es attachment to the perineal membnine (p. 609), I'hc rntcr- 
xnediate area is relared to ihc dorsal nertc of the penis and the internal pudendal 
vi^sscEa and the fascial sheath in which they are cncli^Scd, and it may give origin to some 
of the inner fibres of the apbipctcr urethro: muscle. "Yhe latcrel area gives origin to 
fibres of the obturator ititernus muscle. The nietiml margta of the ramus is strongly 
everted in the male and gives attiicluntnt to the fiiicia lata and to the tnembranous 
layer of the superficiat fascia of the perineum. 

The ischium .“General features.—The ischium forms the lower and 
posterior part of the hip-bouc. It comprises a body and a ramuSn The body has 
upper and lower extremiiiesi. and femoral, dorsaj and pelvic sutfaces, 'I'he upper 
rxiremiiy of the body forms the lower lUid posterior part of the acetabulum^ ^d its 
fatcfCT extremilv give* off the ramus^ which runs upvmrds, fortvarik Euid medially at 
an acute angle to fuse with the descending ramus of the pubiSv so completing the 
r^hturator foramen. 

"Vhe Jemorai surface of the body facts downwards, fomards and latcriny towards 
the thigh. It h bourxded in front by the margin of the obturator fqrajnen, and 
lateral!V by ihe lateral border, which Is indistinct above but clearly defined below, 
where it forms ihe tatcral border of the ischial tubemsity. The dor sat surface faces 
backwards, lauxally and upwards. Abovet it is continuous with the lower part of 
the gluteal surface of the iiiunii and w here ihetw-o dements meet, the bone presents 
a loiv convexity, which corresponds with the curvature of the posterior part of the 
acetabulum, ik'low, the surface b marked by the upper part of the ischial tuber- 
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osity-p Above the tuberosity the bone pfesents a wide and shallow groove both on 
the lateral and on the tnediilJ iide* The isduat tub^nfsity is a large, rougheoiKi 
Lmpressian which market the towxr part of the dorsal surface and the inferior 
extremity of the body of the ischium. Although obscured by the gluteus maximum 
muscle wdien the hip-jomt is extended, it can be idemihed without difficulty trhen 
the joint is flexed^ ft tiea 5 cm. from the median plane and about tJic same disiance 
above the gluteal fold (p^ 664). It is an elongated area, widest near its upper end 
and tapering mfcrjorIy+ and ptOA^ides attachment for some of the largest muscles of 


Fio. 4^4.—'the kft Uchld tuberwity^ vkivcd frofn bchiTrd iind below. 
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ihc thigh- Ths dorsal surface is placed between the lateral and the posierior bor¬ 
ders of the body. The poiimar bfjrdfr is continuous above with the pc^terjor 
border of the ilium and helps it to complete the lower margin of the greater sciatic 
notch. The posterior end of that margin is marked by a conspicuous projection 
termed I lit isthtal spirit. Below' the spine the border becomes rounded and in¬ 
definite, forming the floor of a rounded notch, termed the femruiatic which 
lies beiwwn the ischial spine and the tuberosity. The prlvit mr/ace is amooth and 
rclatlvety featureless and i$ directed tow'arda the pel™ cavity; its lower portion 
forms part of the kieral W'oll of ihc ischiorectal fijsfia in the perineum. ^ 

The rupmrj of the bchlum presents anterior and posterior surfaces, cotitinuone 
with the cornspi>nding surfaces of the inferior pubic ramus. ^Flic sarfaif 

is directed forwards and downwiirds towards the thigh and is rough for the attach¬ 
ment of the medial femoral muscles, 'fhe pvjtmar w/Bfe b smfMjth, and partly 
subdivided into a perineal and a pelvic area, like the inferior mini.is of tlic pnbia^ 
The upprr help® to complete the margin of the obturator forumtn ■ the 

border b rougheued and free, and together with the medial border of the 
inferior ntmiia of the pubis forms the kteral boundary' of the subpubjc ancrlc ariKl 
part of the pubic ardl. 

Particular teaturts.—The femmil lur/urr of fhe body of the Isehium flivta 
origin below in a part of the obturator extemui muscle 427)^ almw the lare^ 
bo[der of the upper pstt of the ischial tubemsity to the <)iiadraEus femorts. }um bcic w 
the Bcrtabulum the ktenil border gives lUtBchmcnt to the Hchiofemqml lipimcnt ' 
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tmniedi&tely Above the uiirhEd tuberosicy rbe dors^it turfof^ k cjirtraged by the tmddn 
of the obturator intemua and the gemulli muscles ; the nerve to the quHrdratus femoris 
runi downwards bcmccn these airticturea and the bone. At a higrher level, the bone 
a covmd with the pirifoimii muscle* which ii partiHily sep^wd from it by the 
sciatic nerve and the nerve to ill* quadratus femorts. The ischial tubemaity is 
divided by a nearly transvetse ridge into an upper and b lower area (fig. 424). ihe 
upper area ja associated with the hatnstring musics i it is divided by on oblique liac 
into an upper and lateral pan w'hich gives origin to the Bcmirncnabmntiflii*, and a 
lower and lucdisd part from which the held of the biceps femoris urises in com¬ 
mon W'ith die semitendinoKUS muscle. The lower portion of the tuberoaity narrows 
aft it passes forWarcia on 10 the low^cr efi-d of the ischiuln-. It is divided into a lateral 
and a medial srta ; the lalcrmi area is the I^er and affords otigin ro piirt of ihe 
adductor magnus muscle the medial area is covered by fibro^fatty tissue^ which 
usually eonisiiis the ischial bur^ of the gluteus mEHimus. It is the medial Brea on the 
low-er pan of the tuberosity which supportB tltc body in the Bitting posture. On its 
medial side the tuberosity is limited by a curt^ed ridge w^hich citcnds forwards on to 
the rB.rnu® of the ischium and gives sttachmem 10 ihc gacrotuhetTil ligament and ils 
falciform process {fig, 4^3). Many of the fibres of origin of the biceps femoris can be 
I raced into dit sacrotuberal liKament, and this intimate rektiorvahip is notcivonliy% 
for tbt sacrum and the paste rtor part of the ilium conatituic the primitive nuunmalian 
origin of the biceps femoris. The origin of the muscle from the mbeta*ity in is 
tecondary and the sacrutLibefal ligament represents the rcmiiim of its primitive 

tendon of origin. tit, 

AtMive and medial to die niberosity- the ptistt-rior surface pjxiients a wide, ihallow 
groove. In this situation the bone b usiiaily covered with a thin layer of cartilage in 
the recent state and a but^ Is interposed between it and the tendon of the obturator 
internus, which lies in the groove^ lower margin of the groove, close to the 

tuberoBiiy, gives origin to the inferior gcmelluii ^ the upper margin of the groove 
dose to the ischiBl spine^ gives origin to the superior gemellus. 

The ischhal spine projecta downwards and slightly medially, Tts murgiiw give 
attachment to the sacrospinal Ligament, which separates the ipeAier sciatic foramen 
from the lesser (fig. 511). Its dorsa! surface is crosaed by the tnicm a I pudendal 
vessels urd die ticnc to obturator inlcmufit as they he in the yluiecil region. 'ITic 
pelvic surface of the apinc wivieB origiii to the coceygeus and the posterior fihr^ 
of the levator ani muscle. Tlie structures tranmiited by the gmBter and lesser sciatic 
furainina arc detailed on p, 50H1 

The p^tvic iwr/ffre of the body of the ischium is smooth, its upper part gives 
origin to the obiuriaior intemus muBCle+ the fibres of which converge on the Icssi-T 
sciatic notch aind cover the remainder of thi* surface^ with ilie exception of the pelvic 
aspect of the ischial spine. The mu^k imd its covering faseia separate the bone fmm 
the iscbiorcctiil fiissa. 

I'he iiTiitrkfF uf the ramu^ of tbe ischium is directed towards the adductor 

region of the thigh. It gives nrigin to tli* obturBtaf ejctcmus above, the anterior fibres 
of the adductor magnui and, near tbe lower border, to the pacilis mu^le. Betw^een 
the adductor magnus- and tlw gracilis the origin of the adductor brevis may ex.iend 
duwnw'Arda from the inferior ramus of the pubis for a short distance. The 
ji/i/oce is divided into pelvic and perineal areas. The pelvic area is difccled upwards 
and backwards and gi%^es origin to part of the obturator intemUd, The perineal area 
ia directed medially ; its uppt r part is related lo the crus of the penis and givea origin 
Eo the sphincter uk-thr® ; its kwer part gives origin to the ischiocavemosua juid lo 
the superfiL-ial transvensus perinei muscle- Tlie perincd membrane is attached to the 
ridge which separate* the perineal fmm the pelvic area below^ and the ama for llie crui 
from the origin of the sphincfer urethne above. The hwer AiWer of tb-c ramus pro- 
vidis* atiiiclimcnt for the fascia hta of the thigh end the membranous layer of the 
superficial fascia of ihe perineum. 

'Hie acetabulum (figp +zd) is a deep cup-shaped cavity on the lateral aspect of 
the hip-bone about its ccciirc, and h directed fnteraHy. downwards and forwards. 
It k auTTOunded by an irr£?^lar projecting margin which is deficient inferiorly: 
thk gap is termed the acftnhular nofeh. The Boor of the cavity is mughened and 
no n-articiilar and is termed the tjceittbtiinf foisum The sides of the ctip present a 
hEi-raeshoe-shaped, articular, iumfe iur/ace, which is widest superiorly; in this 
situation the weight nf the trunk b transmittcil to the femur in tbe erect attitude. 
In the recent state this strip is coveted with articular cartibge and provides ihc 
surface on which the head of the femur moves within the hip-joini. AH three 
elements of the hip-hnne contribute to the formation of the acetabulum in man, but 
not in equal pmportions. The pubis forms the upper and anterior fifth of the 
articular surface ; the ischium, the Boor of the acetabular frissa iind i^iher more 
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than the lower and pmt&nar two fifths of the ortEcuLar surface * the ilium forms ihc 
remainder of the articular surface. 

Tlie Dbttirator foramen is a large gap in the hip-bone, below and slightly in 
front of the acetabulum and placed between the pubis and the ischium. It is 
bounded above by the grooved obturator surface of the supcnor mmus of the 
pubis ; medially by the body and infenor ramus of the pubis ; below by the r^mus 
of the jschJum ; and laterally by the anlerior border of tise brjdy of ihc iachiumi 
uiduduig the margin of the acetabEilar notch, 'fhe foramen is Exicupicd m die 
recent state by n hbmus sheetp termed the f^bturatar which is attached to 

its margins except above, where a communication is left between the pelvis and the 
thigh. The free upper edge of the fnctnbrarLe is attached in front to the 
ahiurafttr (uhm:hj which marks the anterior end of the inferior border of the superior 
ramus of the pubt$^ and behind to the posimor ^tuniinr tuherck, which is placed on 
the anterior border of the acctabukir notch. These tubercles arc not alwa}^ easy to 
identify. The foramen is large and in the male, but is smaller and nearly 
triangular in the fernalc. 

Stfutlurt,—The thicker parts of the hip-bone consist of spongy' aubstancep 
enclosed between two layers of compact bone ; the thinner partSp as at the bottom 
of the acetabulum and centre of the iliac fossa, are usually semitraiisparentp and 
composed entirely of compart bone. At the upper part of the acetabulum and along 
the Irrmimlh i.e. along the line of weight transmissbn from the sacrum to the 
head of the femuft the amount of compact bone shows a considerable increase. In 
this situation the underlying spongy substance shows the presence of two sets of 
pressure bmells^ The first afise near the upper part of the auricular surface 
and diverge to impinge on two stout buttresses formed by the compact bone. 
From there two similar sets of lamellar arches take origin and converge on the 
acetabulum^* * 
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OasihestLon {fig, +25).—The hip-bone is ossmeu irocn eight centres l 

each for the ibum, ischium p and pubis ; and five secondaryp one rach 
A I f ^ ^ crests iIm anterior 
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inferior iliac spine (said to 
occur more fretjuently in the 
™]e than in the female)^ 
the tubei^it}' of the ischium, 
me pubic symphysis {more 
frequent in the female than 
in the malc)p and one or more 
mr the V-shapcd caitibgc at 
the bottom of the acetabulum. 
The centres appear in the fol¬ 
lowing order: In the ilium, 
irnmcdiately above the greater 
sciatic notch, about die eighth 
or ninth week of intrauterine 
life; in the body of the ischium, 
about the ddrd mouthy in the 
superior ramus of the tu pubis, 
between the fourth and fifth 
months. At birth, the iliac 
crest, the greater part of the 
acmbtilum, the ischial tuber- 
wity, and the Ltiferior ramug 
of the pubis BTul the ramus of 
the iscliium are cartilaginous. 
My the eevenih or etehth year, 
the inferior ramuB qf the pubis 
and t^ ramus of the ischium 
are almost completely united 

II- L ■ 1. L , bone. The three primsrv 

ccfltrea extcrid tlieir growth mto the bottom of the acetabulum where thev^ 
separated from each other by a Y-shaped portion of cartilage,'which 
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ossify from two or more ceotnrs in the hvclfth year. Ode of these centres, namcNi 
the os ncetabuii, forms a triangular scale of bone over the acetabular part of the 
pubis anti fuses with the main parts of the bone about puberty. The Uiujii and 
sschlum then become joinedp and lastly the pubis and Ischium^ through the medium 
of this Y-shaped portion^ At about the age of puberty» ossification tohes place in 
each of the remaining portions, and they join with the rest of the hone between the 
twentieth and twenty-fifth years. Separate centres are frequently found for the 
pubic tubercle^ crest and angle, and for the ischial spine^ 

Comparison of ihe girdUs of uppt^r nnd toojrr Tiie importance of 

mobility in the upper limb as contrasted w^ith the necessity for stability in the lower 
limb Is well illustrated by tl\c more obvious differences which es^lst between the 
two girdles. 


Fjg. 426 —*Tht diametcTtof the inlet ef the true ittU'h in the female. 



A|4PJnt; tmUhttiMic i € *iiU JO^Dildilki brim ; HUfral firomnaterr 

jymplijik. 


G^tiU of CpprF Limb. 

[d) Consists of c^vo separate bon^i 
viac.t the scapula and the clavicle. 

(A) Reachea ihc axM skeleton only 
at the steniDclavicular joint. 

(c) Ifl not directly connected to its 
fellow* of the apposite side, except by 
the intcrclas'icuW ligament. 

Has a shallow' fossa for the head 
of the humerus. 


Girdk of Lo^er Limb, 

(cl) ConsistB of a single hone, 
the hip-bone. 

(A) Articulates with the vertebral 
column at the sacro-iliae joint. 

{c) Articulates witJi i^ fellow of 
the opposite side at the pubic sym^ 
physis. 

(J) Has a deep cup for the head 
of the femur. 


THT: PELVIS 

The pelvis^ so called from its reseuiblance to a basin, is a massive bony ring 
interposed between the movable segments of the vertebral columUt which it supports, 
and the lower bmbs, upon which it rests ; it is comped of the two hip-bones 
Uterally and in front, and the sacrum and coccyx behind. Ii ia dhided into the 
greater (false) and the lesser (true) pelvis by an oblique plane passing through the 
promontoiy^ of the sacrum behind, and the linea terruinidis on each side and in 
front. These two subdivisions communicate with each other through the superior 
pelvic aperture (pr/ttc inlti) (fig, 426), 
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The greater pctvi&i the cjtpamded poition of the cavity above and in front of 
the etiperior pcJvLc apertu^r ia bounded on each side by the ilium and posteriorly 
by Uie base of the sticriim. 

The leaser peivi® is that part of the pelvic cavity vkhich lies below and behjnd 
the BuperioT pchic aperture. Its bony walls are more complete than those of the 
pelvis. It possesses upper and lower aperturea and a cavity+ 

The bony boundaries of the superior pelvic aperture constitute the ^?rtin of the 
pelvis (fig, 43^)- aperture is somewhat heart-shaped, and encroached upon 

behind by the forw^ajd projection of the promontory of the sacrum. It has three 
principal diajncters ; antetopoateriorj transverse, and oblique. ^ITic 
or ronjugatf diamrtft^ «tciids from the luitibosacmJ anpfk to the symphysis pubis i 
its awrage measurement is about J !0 mot. in the female. I'he tramvprtf diturtt^ifT 
extends from the middle of the brim on one side to the same point of the opposite 
side ; its average meaBurement is about 13S nim. in the female. The 06/^e 
diameter extends from the iliopecttneal eminence to the opp<i 9 im sacro-iliac joint; 
its average measuremciti is about 115 mm. in the female. 


Fia. 4a7.^'['he diKmeicrs of the outicc of the trot pelvb (female). 



The fflTtty of the Irascr pelvis la a short curved canab coiisidcnibly deeper behind 
than in front It is bounded in from and below by the pubic mml and symphysis ■ 
alKPve and bchiiiLd^ by the pelvic surfaces of the sacrum and coccyx ; laterally by a 
smooth, quadrangubr area of bone, formed by the pelvic surfaces of the ilium and 
ie<hium. It con tarns, in the recent subject, the sigmoid (fid vie) colon, rectum, 
urinary bladder^ and some of the organs of generation. The rectum is placed at the 
back of the pdvis, in the curve of the sacrum and coccyx; the urinary bladder is 
placed anteriorly, behind and above the pubic svmphysis. In the female, the uterus 
and vagina lie ^iwccn the rectum and the urimarj- bladder. 

Tile inferior pehne ttperivre {outlet) is very' irregular in shape (fig. 427) and is 
bounded bchijid by the apes of the coccyx, and fatcrdjy by the Labial luberoaities. 
These emmcnccii are acparaicd by three notches : one in front—the puhk nreh - 
formed by the convergence of the dmjobicd rami of the ischium atid pubts on each 
aide* *rhc other notches doe on each side, are formed by the sacrum and cijccvx 
behind, the iachlum in front, and the ilium above: they are called the sciatic 
notches ; in the natural stirte they are converted into foramina by die sacrotubcial 
and sacrospinal ligaments. When these ligaments luivc been preserved, the outlet 
of the pelvis is lo^engc-shflpcd, and ia bounded, in front, by the inferior pubic 
ligament and the conjoined rami of the pubia and the ischium * latcnUly, by the 
ischial tuberoaitics | behind, by the sacrotuberal ligaments and the tip of the 
coccyx. 

The anieroposterior diameter of tbe inferior aperture of the pelvis extends frtiin 
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ihc Apex of the coccyx ts) the lower part of the piihic symphysis 1 its mciiiiyrcMCiit 
from go to 115 mm. in tlie female, h varies with ihe length of the coccyx. 
capable of increase or dtminntioii, on account of the mobility of that bonCn ihc 
frdttft-wre diameter^ measured across the widest part of t he inferior aperture is about 
115 mm. in the female."^ 

Axet (fig* 43S).—The axis of the auperbr aperture, i.e* a line at right angles to 
the plane of the superior aperture through iiB centre, is directed <bwnward3 and 
backwards, and if the line is prolonged it passes ihTOiigh the utnbilicus abcjvc and 
The middle of the coetyx below. The axis of the inferior aperture is directed down* 
wmrds and slightly backwards j if prolonged upwards it touches the base of the 
sacrumh ^I'he axis of the ea^ty-“i*e. an axis at right angl'i^ to a scries^ of 
planes Ijctw’ccn and including iliose of the superior and inferior apertures-* is 
cun^ed like the cavity itself; this curve b parallel with tlial of the sacrum and 

, ilia 

IxicliMtion of the pelvis (fig* the creel posture, the pelvj* is placed 

obliquely with regard to ihc tmnk : the plane of the superior aperture forms with 
the horizontal plane an angle of from 5® 6 o*t tlist of the inferior aperture 

fUic of about 15*, . • iL j .L 

The pelvic surface of the pubic symph>^s faces upwards and backwards, the 

coQca vity of the tacrurai and coccyx downwards and forwards. The poaition of the 
pel vis In the erect posture may be demonstrated by holding it so that the anterior 



Ftc. 4a®.—A medwn sauitMl Eccrton ihrmieh • ftmalr polvi*. 


\'atr . It .houlil bt <Ji.t, ■ ilcpit^jn thki^ibn, Uwmnr«D}tti.Mciiiiii 

ilM.k^fiirt“f*t*binliMtb.upii«j»wtofih.f<i«rtb»«.lvrtU:li« In nwir cw« Uk 

pwJuBwi iiCiMCil., ttnuhtil tb. iippa pot at 

Uw liilC dir iLnnbOilunliQieiC- 


superior iliac spines and the top of the pubic symphysis are in the same vertical 

**^0 the sittine posture the body rests on the medial and low'er parts of the 
ischial tuberosities (p.40»). and a coronal plane drawn through the anterior superior 
i^ac soinea passes through the aceiabuh. The lumbosacral angle is cnnsKlcrably 
reduced and the projection of the sacral promomory is cotmpondtngly dtimmshed. 
Differeaces between the male and female pelves (figs, 429-432).—Sexual 

• The mettwnawiu of ihe polvii aiwn abo^y uv fiurly rtpttsenwuve. but diOerent 
fiiiucJ m Biveft by different suiheis, no dnubi mimlv due to ^«ei^ m the physique lod 
Iff from wham the m*a.ure«wo» have b«n uken- 
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cb^rac^rs are pranounccd in the bones of the pclvh than in any other 

bones in the body* The fetnale pdvLs » specially adapted to facilitate the passage 
of the feet^ head during parturition and it must therefore provide more ac¬ 
commodation^ than is neco^ry in the male pelvis^ while its depth must be 
diminished. The essential di^crcnces were well sumnicd up by Arthur Thomson, 
who described the male pelvis as a Jong section of a short cone ind the female pebia 
as a short section of a long cone, lliert are, hott-everp very many differences in 
detail, most of which can he referred to these fundamentid distioctbns. 

As a whole^ the bones of the female pelvis are more delicate and their muscular 
impressions are not so well tnarked. The ilia art more vertical and, alUiough the 


FlO. +2^.— Tix female pch-k. Anterior i^peCI. 

Ftwn a spedmen in the inuseiun of the KoyaJ Colley of Surgeons of EngEmKl. 



(Iisunce b«w«ji the jIlic creE « less In (he femak. ibt anterior suptrior iliac 
apiocs are farther apart. M a mle. the iliac fossa: are shallower and the ctir.'« nf 
the crat as seen from a^vc. are not so prenonneed. The prommenre of the 
iiSSm” ^ atinbutfti, in pan, to the scKuaf character of £ 

m su«rinr aperture of the li^r pelvis is larger in the female and is more 
nearly circular in outline m the male it is typically hean^shaned 

The cavity of the female pelvis is wider and shallower and In tK^. nr^,i.. 
of this general diflerence, the following factors are to be noted ™ 

is shorter imd wi^r in the female and iu tipper pm is stralghiVo i*!? M Th!l 
di^th of the pubic symphpia is less and the distance beL-eJn iik 

tu^rcles IS greater m the female. (3) The iteiaiic nmches are wider and shaJki« 

the^tSc “ iKri 

The uifcrior aperture is larger in the female, since fil the nuhJe -j 

and more rounded and it will almost aJwaw admit a square ' ivhp^** 
male it is raoie pointed and usually less than 3 right angl^ fal the 
ositics are more^^rted; and (3) the cqccya is mire mlvlbi; ' 

Tlw male pelvis possesses one positive scaual character: tlie ma™n. r.t 
the pubic arch arc more everted. Owing to the larger size of the erm^of the 

The following additional differences should also be mentioned r A Tt,^ 
bula arc smaller m the female; they arc wider apm and 
fonvards.* As a result the transverse diameter of the acetabulum iStb^ly S 

* D. E, Derrj, J /Inat, und Phyaol., ^ 19,5. 
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tJiati the distance from its anterior margin to the pubic symphyais. In the malci on 
the other hand^ the two meaguretnenU are practically equaL (i) The obturator 
foramen is smalicr in the female and tends to be triangular in shape. In the male it 
iB more nearly oval In outline, but this difference is not of great value a* 3 se^nial 


Fic. 430 .—^The itimIc pelvis. Antehor dspm. 



thiracticr. (3) The pr4:-auricular sukiw (p. 3^(8) i& more constanlly preacijt in the 
fitnsdc ilium, and ita presence is presumably associated with the exiateiwuf a more 
movable sacro-Uiac joint. (4) The auricular surface of the aamim is limited to the 



first and second sacral vertebra in the female, but in the male it usually extends to 

the middle of the third vertebra. . , , , , . 

The siae of the pelvis varies not only to the two sexes, but also m diifcnent menri' 
hers of the same ses, and does not appear to be greatly influenced by the hdgbt of 
the individual. Women of short stature, as a rule, have broad pelves, Occasionally 
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the pelv'is eoniracted in all it§ dimensions, and its diamcicns tnay be as much as 
12'5 fiun. less tlia:n the average^ and this even in well-formed women of average 
he igbt. ' Vhc principal divergcnccSiH howevc r, are found at the fluperi or aperture, and 
4ffea: the relation of the siiitefopr>sterior to tlae transver^ diameter. Thus Ae 
superior aperture may be elliptical either in a transverse or an anieropostciior 
direction, the transverse diiuneter in ihe former, and the anieropostcriof in 
the latter^ greatly rs-ceeding the other liuuneters; in s^jme instances it is 
circular. 

In the/tf and for several years after birth, ihc pel™ is small m proportion to 
that of the adult, and the projection of the lumbosacral angle lesa marked. The 
characteristic difFcrencea between the male and female pelves arc distinctly indicated 
as esrly as the fourth month of intrauterine Jtfe. 


the femur (figg. 455-43^^) 

The femur, or thigh-bone, is the longcat and strongest bone in the b?Hly, It 
possesses a shaft and two extreinitics- The shaft is almost cylindrical in most of its 
l^gth, and is curved with a foneard ^omexity. The head, which is rounded, 
can eaflUy be distioguiahed from the widely expanded lower end : it projects 
from the side of the upper end of the shaft. This information is sufficient to 

enable the student to assign a given femur correctly to its appropriate side of the 
body. 

In the erect posture the femora are placed obliquely (fig. ^7}. Their heads 
arc separated by the breadth of the Ics^r pelvis and their shafts incline downwards 
and mediaUy, so that the medial sides of the two knees almost touch. As the bones 
of the legs tL^end vertically from the knees, the obliquity of the femoral shafts 
results in the approximation of the feet in the erect attitude and the provision of a 
narrow base for the support of the weight of the body. The narrowness of the base 
detracts from tlie stability of the body but greatly facilitate movements and increases 
tiie speed with which they am be executed. The degree of obliquity of die shaf^ 
%-arics in different individuals, but h usually greater in women on aetounl of the 
greater breadth of the pelvis. 

The upper cod of the femur (fig. 433) comprises a head, a neck, a greater and a 
Icsaer trochanten 

General features.—The head forms ratiicr more than half a sphere; it is 
directed upwards, medially and slightly forw-McIs. to articulate w ith the acct^mlum 
of the hip-bone. Ite surface b smooth, and is marked a little below and behind its 
centre by a small roughened pit or/ot!f*i, 

*rhc neck of the femur* which ts about 5 rm^ long, connects the head and the 
shaft* with which it forms an angle of about This angulation facilitates the 

movements of the hip-joint and enables the lower limb to awing clear of the pelvis. 
The neck is narrowest at its middle and i» w ider ai its lateral than at its medial end. 
Its two borders are rounded. The upper border is nearly horizontal and is gently 
concave upw ards. The lower border is straight but oblique, and is directed down¬ 
wards, laterally and backwards to meet the shaft near the lesser trochanter. The 
anterior surface of the neck is flattened and its junction with the shaft is marked by a 
prominent rough ridge, termed the iniertrochanteTie line. The posterior surface is 
convex backwards and upwards in its transverse axis, and concave in its long axis, 
and its junction with the shaft h nuirked by a rounded ridge, termed the mer- 
irochantetii: 

'Fhc greater trochanter is a l^e* quadrangular eminence, situated at the upper 
part of junction of the neck w ith the shaft. Its pootcrosuperior portion projects 
upwards and medially (fig. 437) so as to overhang the adjoining part of the posterior 
surface of tlie neck; in this situation its medial surface presents a roughened, 
depressed area, termed the trts^harsime The upper border of ilie troehanter 
lies one hand's-breadth below' the tubercle on the iliac crest* and is on a level with 
the centre of the head of the femur* The nntcrior surface of the trochanter presents 
a roughened impression ; its lateral surface is divided into two areas by an oblique* 
flattened strip, wider above them below* w^hich runs downwards and forwards acTp«s 
it. The lateral surface of the trochanter can be palpated in the living subject (fig. 


PLATE XV 



Fli^i 1.—RHlioKniph of on 
adult The viiibk 

betwwn tJw Ulml condyk* 
of the fmtir end tibu it 
occi^ed by the attioibr 
fiiLEtiidBc of the IWO bonea 
BJid (he lateral mmiscui. 



Fic. 2.—RaiLojniiph of the 
knee uf a child smed 7I veaia. 
Note that the ftyld&d prucesi 
of the bend of the fibuhi and 
the tubctclca of the interccin- 
dylarcatuncncc of (he tibia ai« 
sdll caitilaginoui and there¬ 
fore cannot be recogntted. 










PLATE XVI 



Ftc. I.— RaJioi^ph of ihe krwc of m boy flREd i6 yw*. Latent view. 
Note that the upper cpipbyaii of the tlbiii include* the bbial tub«fo«ity, 
which U iCbdioitEd by the arrcxfi^ 



Fic. 3U—Biuliograph talccn after infection of oir into tlw knee-ioini 
ibowing the ahmoovr thrown by a nonoiL rocdial menuctq. The 
upper unrow point* to the medial UAement and the lower to the meditl 
fneiiiaciu. AeroBrini lent by Wmg-Commander A. A. Butler^ ft A F- 
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434), wd, when the udjolning muscles arc relaxed, the irochanter eon be gripped 
between the thumb and fingera. , 

The lesser irochanler (fig, 433)» a conical eminence, which projects medially 
and backwards from the shaft at its junction with the lower and posterior part of ihn 
neck. Its summit and anterior surficc bear a roughened impression, but its postenor 
surface, which lies at the lower end of the mtertrochanteric crest, is snwoth and 
c«n. tt is placed too deeply to be fell in the living auhjcct. 

The iniertrochantuic iine marks the junction of the anterior 9urfa« of the n«k 
w ith the shaft of the femur (fig. 435). It is a pronunent roughened ridge, ivhich 
commences in 9 tubercle at the upper and medial pnrt of the anterior surface of the 
greater trochanter and mns downwards and medially. It reaches the lower border of 


_.'j’ht upiier part of the left frm.yr. ViewrfS from behind. 



iitiiiintUw 
lAf^Pilll# Olid 


iifpjjwnm/drf 


OrtsSitt riwAdnfn* 

i^adraie Uibeftlr 


IjiU.firoch^^nitrir 
ewi 


Fotwi 

furt 




jfnraZ fiAe 




Iht neck an A level with the Icssef trochAnlcr, but in front of it. Below, it is con- 

tiniiaus with the tpiral line (p. _|. 

llie intrrnochafjtmc crat (fifi- +S7) ^ junction of the pjstmor surface 

of the neck with the shaft of the femur* It is a smswth fuiinded ridge, which 
commences nt the posiemsupenor angle of the greater tmchanicr and runs 
downwards and medially lo tcrminaic at the lesser trochanter a A little above 
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ita middle ii presents a Tow rounded dcvution, sonictimca termed the 
tu&erde. 


Fin^culv futures.—^Tfic head tif the femur ia entirely intracapsul^r and 
ciurirt;!^ immcdiiiiely lateml to ite greatcsi diameter by the acctabulitr Lahninu 1 
attiomf^crei^ is sharply defined, except on the nfilcn^r imrfacei where the cartiliutc 
»vered "unaec extends on to the front of the neck. The foi^a which marks the head 
Wlow and behind tts centre {%. 4.33) gives attachment to the ligament of the head of 


fio, 4J4-^Yhc upper part of ihe tight femur Laieral aspect. 





WJUifwO 


VlmaiMA vpinlMtLt 


tlw fenjur. The inferomedJ^ p*n of ths ontcriw surface of the heuJ » TelatKf tk 

23 ;,"s;ie'^ '• “ »' ““ p«-. 3 : 

T he oe^ of the femur is iii.Btbei,| by iiiimcrous rescular fomniino eann.'l.iiu 
anterior euifece on the upper pan of its pasteridr surface. k’** 

^ea i*Tth ^ Khaft » unticat at bi^ an4 diminishes stcadilv She aduU 
dition » h 13 l«s m the female than in the male, owine o^/in 

bt^ th of the le«r pelvis and the ^atcr obUquit,- of the shaft of £ 
antmor sitr/att of the a«k la entirely intmeapsukr and on thu surf^ JT 
hsament mends JaiersUy m the irtertrodum^c line. On tl» 
capsuLu hg^ent ^ not m«h the Jntvrtrm:hanteric<ut^t 
mwe than the medial half of the iwck lies uithin the ca^c Tht nf 
surface adjoining the head iscovned with cartilage an^related to ilinf^ lutrtnor 

ment in the ef«l posture. A faint groove cro^mX ^ enW^.x/fc™ *'«*■ 

and lateral dinctinn ; h U produced by the obturator memiis lend^fc -I" ‘^pward 
tW trocbwteric ftw.. The n«k of the femur dX^nS lir^thrif J' 
shaft, bur H earned forward* a« it passes upSs 
account the iranaverse axis uf the head of the ^«mur makes 


^ G' 
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'fhe greater trochaaier 
434 prqvielc* insertiem 
for most of the niuscksof the 
{jtuipl region. The gluteus 
minimus h inserted mw the 
rough imptTHfion on its an 
terior «ui^ce. The gluteui 
med iufr is i roicrted into ihe ob¬ 
lique, flattened strip, whidi 
runs downwards and for¬ 
wards across its Uteral sur* 
face. The area in front of 
this insertion is separated 
ftx>ni the tendon by the rm- 
chonteric buna of the glurcus 
meeJius- the area behind the 
inserrion h eoTtnered by ihc 
deep fibres of the gluteus 
tnaxirnus, and a portion of 
the trodiJintrTie bursa of that 
muscle may be interposed. 
Tlie upper border of the 
trochanter gives insertion to 
the piriformis, and its mti^dial 
surface to the ectnmon ten¬ 
don of the obturator intemus 
and iJie two gemelli. At their 
insertions these tw^o tendons 
are frequeritly blended with 
each other. The trodlanf trie 
fossa receives the msortinn of 
the obturator cKtemus. 

TJie leswrr trochanter 
receives the insenion of the 
psoBs major on its summit 
and on the medial part of its 
antetiur surface. The base 
of the trochanter is expanded 
and iu medial ar anierior 
surface gives insertion to the 
iliacuK, which extends down¬ 
wards for a short distance 
behind the spiral line, llie 
upper hbres of the adductor 
magniJi play ov^r the post¬ 
erior Surface of the lesser 
Trochanter and b bursa is 
sometimes interposed be¬ 
tween them. 

The iffterm 
Ittu modts the lateral limit of 
the ^pulor ligament of the 
hip^joint. Its upper part, in- 
eluding the tubercle already 
nntieedp nceiv'ea the attach¬ 
ment uf the upper band of 
the iliofemoml ligament ; its 
lower part receives the lower 
band of the same ligament. 
The highest fibres of the 
vastus lateralis arise from 
the upper end of the iine^ 
and the highest fibres of the 
tmtue from m 

lower end* 

TheiNtirrtrtichQntrnfCTCJt, 
above the tiwtJrtifr mArrc/r, 
is covered by the gluteus 
muximus muscle ; below the 


Fic. 4J5.—The right femur- Anterior aspect. 
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T!h «c£p;Jnl lEnei muk di* pcMiDHOfi «f tbt ^i;i4i^!«J UaA 

Thw JriUtTMpfKl OTTapmd » li* ■IdtdmHiitt ftj the 

capiultf Liitwuefltak TIm (ton«d pm of thp kmcr Hoe indiciio 

thn skE 1)^ cqnvimEikBtiOfi b t.li* i ueii the itf |Jbe ImH'Jibiitf 

■od tht lupnpAtrikr tnam. 


cuberck it is aoparatcd from that 
rousdc by the quadmtua fcminis 
and tht upper border of the 
adducipr magnu-^k. Tile tubereJe 
iteelff m\d o pi^ttion of the bone 
below, nrccit^e the insertion of 
the qiiodratus fetoom enable 

438 )- 

‘I'hc shafi of tKc femur 
(figs, 435 and 437) 19 thinnest at 
its middle: It expands a Hide 
as it is traced upwards^ but 
it widens appreciably near 
the bwer end of the bone* 
Throughout its whole extent 
it b covered with muscles and 
Is difficult to palps to. 

Itf iis midaU third the shaft 
possesses three surfaces and 
three borders. The attitrhr 
rurfaci, which is smooth and 
^ntly convex in all directions, 
J3 easy to jdeittily. it h placed 
between the lateral and the 
medial borders, wluch are both 
rounded and ill-defined. The 
iiiterai surfitet is directed mote 
backwards than laterally^ and 
is bounded In front by the lateral 
border and behind by the post¬ 
erior border. 'Hic posterior 
border is forraed by a broad, 
rough ridKp termed' the llnea 
ospera^ wJiich usually forms a 
creadike projccdonp with dis- 
dnctbteral and medial lips. In 
this atuftlion the compact sub¬ 
stance is increased in amount 
in order to compensate for the 
weakness caused by the curve 
of the bone. Tht medial surf 
ia directed mcdiaJly and alighUy 
backw-ords; smooth, like the 

other surfaces, ii is bounded 
in front by the medial bor¬ 
der and behind by the Imea 
aspera. 

In U$ upper third the shaft 
P*^®®**^ 3 fourth surface, which 
is tlimted bactw^irds. This 
potterior surface is bounded on 
the mcdisl side by a narrow 

roughened lioc, often lemiedthe 
fjJ^rof biu, which is continuous 
above with the lower end of the 
iniertf ochanteric line, and below 
t«ih the medial lip of the linea 
topera. On the lateral aide 
the surface is bounded by 
a br^d roughened ridge 
te^ed the gluteal tu&crosfty, 
which extends upwards and 







THE FEMUR 


413 


[atenilly to the root of the 
gRsater trochanler md k con- 
tiauoiiE below with the lateral 
lip of the lijtea oapera. The 
posterior surface in this part 
of the bone i« therefore 
V-ahaped, 

hi its toTser third ako the 
shaft possesses a fourthi or 
postmoT surface. I'his poat- 
erior Surface is placed benveen 
the medioi and lateral rupr^- 
ctrndytar liaeSy which, arc coa- 
tinuous above with the tor- 
responding lips of ihc linea 
aspera. These two Lines form 
definite but not coiispicuou;^ 
ridges, and of the two the 
lateral k the more dktiitct. 
Near its upper end the media! 
supracondylar line k in part 
obliterated ; it k in tins situa¬ 
tion that the principal artery 
of the limb lies in close relation 
w ith the bone asii passes from 
the thigh tn the popliteal fossa. 
The posterior surface of 
the ioivcr third fonoB a flat¬ 
tened, triangular area^ which 
is termed the popliteai surface 
of the femur (fig. 437) i Irt 
its lower and medial part it 
presents a rough and afightly 
elevated area. 

Piarti cular fea ttires.-^'rhe 
shaft (figs. 4 j 6 and 438^ is 
thickly covertd with muBcte* 
and cannot be Feltsatisfactarily 
through the skin. Its anterior 
end faterat surfaeet give origin 
in their upper three-faurrhs to 
the vastus intccmedius; below 
that muscle the srticularts 
genu arises by several $m«ll 
slips from the front of the 
bone. The lower portion of 
the anterior surface for 5 or 
6 cm. above the patclEar arti¬ 
cular Surface is co^'cred by 
the suprapatellar bursa, which 
intenxnes between the bone 
mtd the muscles nventioned. 
Tlie low'er portion of the lateral 
surface is cot-^cted by the vas¬ 
tus intemiedius. The mediai 
nafact Jb dev'oid of museobf 
attachments and is covered 
by the vastus medxRJk. 

The vosiUA lateralis fios a 
linear origin which commences 
in fmtit Bt the root of the 
greater trochanter and follows 
it to the upper end of the 
gLuteol tuberosity^ Et then 


Ftc. 437*—The right femur. t*Dfttcnor upeet. 
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Fic. 438.—Ke>' (» lijt. 497- 
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dcsceiiLk dlong ihe IftEcml 
margin of the tuberoaii^' 10 the 
liitcml lip uf ihc linctk iup<rj^ 
from the upper half of which 
rt i^cfi fjrigin. The vjutu$ 
mcdiilit also has & I tnctlr origin. 
If cmnmenees at the Ioa'ct end 
of the inlemtjehanteric line and 
follcra's the spind line to dse 
inedial lip of the linea aapdm. 
At the low^er end of the IJnea 
aspera it follows the medial 
supracondylar line in tu upper 
half. 

The ^lut^ iubercfity may 
take the form of m elongated^ 
roughened depression or it 
may ptojccl as a Salient tidjjcK 
Occasioiuiily a port of it is 
suHtdcfitly prominent to men t 
the nxme of m ihh-^i trochanitr, 
Tt receives the insertkm of the 
deeper fibres of the lower half 
of the gluteus tnaximua muaclc. 
The medial edge of the tuher- 
CMit>^ provides insertion for the 
pubic fibres of the adductrir 
niognus^ zhe succeeding fibres 
of that muscle arc inserted inm 
the linea aspera and the upper 
part <if the medial supmeon* 
dyl&rLines thetemainingfibre* 
fonti s riout tendon which is 
inserted into the adductor 
tubercle {t^e i^fr 4 ) and sendi 
a membranous r:ipansiD[i 
lower part of the medial supro. 
condylar line. 

Between tha gluteal tuber¬ 
osity and the spiral line the 
postenor surface receives the 
insertions of the pecrincui and 

adductor brevk rmiscJes* 
The peedntus is inserted in¬ 
to P tine, mmetimes slightly 
mughenedp which descends 
from ihe root of the lesser 
trocKanler to llu^ upp^r end of 
the luica aspera. The adduc¬ 
tor brevis is imerted lateral to 
the pcctineus and extends 
to the upper part 
of the hnea aspera, when? it is 
attached medial to ihe adduc¬ 
tor niagnuG. 

In addition to the attach* 
mems already dtacTibedp the 
line* upera receive^ the in* 
scrtioo of the adductor longus 
and the ottachtnents of the 
*iii«mu 5 cular geptm and gives 
ongin to the abort head of 
biceps femotis. The struc¬ 
tures attached to the linen 
»pi-n are inaepirflbly blended 
« rhetr bony tuiachments. 

iirtcdea cross 
the hne* aspem from the 
medial to il;e kteml aide. 
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ui^iT TOvcr of tmdinous a^tica in iKc adductor mafcnui und the *h<prt head of the 
Dicepit TJic hirwriina for the nutrient arteries are situated close to the tinea 

position. One is mualtjr placed near the upper 
cw ol the linca aspern, and a second. urKich is not a]wa>-3 present, near ita lower enil, 
I he fqnunuia mne directed tipwardii through the compart substance. 

The ^plitcal surCiee of the femur fonns the floor of the upper nan of the 
fMpiiteal fossa. It ts cp^red by a yariabte amount of fnt, which seMiates die pnpliteid 
artery tmm tlic bone. Tlw superior medtol genicular artery arises from the popliteal 
rten' #* It lies in the mtetcondylar notch. It amhes inedislly above ilie medial 
** the medial head of the Ktwtrocnemius. 

«hich tak^ onem from iltc rwigti elevation placed a little above the medial 
wnuyie. Ibc sqpertor lateral genicular artery arches upwards and hiterally above 
iBctftal condyle, but is aepamted from llic bane by the plantaris inuaele, which 
an^ trom a small rouglwned aiva on the lower part of the lutcroi supracondylar 

..I, l^if wpr^«i/yfor fittf is rnost distinct in its upper two-thirds. to which the 

noit head of the biceps fenioris and the latcnil intermuscutar septum ate attached. 
8 ower part 1$ marked by a smalE rougitened area which gives origin to the nlantaris 
r?.!iui?, encroaches on to the mipliteal surface. The imJiaf mpmcondi/or line is 
V«r.- 1^ t'vo-thirds. where it gives nrigin to the vastus medialis. 

‘Jpprr tnd It ts crpiised by the femoral vessels as they enter the fossa from the 
^ */■ sharp and pnnninem for 3 or 4. cm. idxivx* the adductor 

Ih.. nf'?i ^*'“1 '• K'ves atiachment to u membrnnuus espansitm fnim 

lliL tendon of tiie jidductar muscle. 

The lower end of the femur is vritlely expanded in order to provide a oood 
Mantig surf^ for the tmnsmiiisxon of the weight of the body to the top of die dbia. 
It consist of t^wo prominent masses of bone, termed the condyla, wliich are partliillv 
covered by a large aritetdar stir/acf. Anteriorly the two condyles are united and are 
in line with the front of the shaft; posteriorly ihcj are wp'amted by a deep gap, 
termed the mirrconp'tttr foua {itiim&ttdyltij and they pmjcci hackwarda 

voiisiderably beyemd the plane of the popliteal surface. 

I he artieutar air/aci forms a broad A-sliaped area for articulation wiih the 
pateUa, Of ItnecHap. above and the tibia below (fig. +3,,}. I’he patettar turfcce 
extends over the ontenor surfaces of both condyles, but much the larger nan of it 
IS on the lateial condyle, h is concave froni side to side, being grooved in its long 
MIS to ^conmi^ate the posterior surface of the patella, the nirfore is 
divided into incdiol and lateral parts by the inicreondvlar fossa, but antcriurlv each 
part IS directly continuous with the patellar surface, fhe medial part forms a'hroad 
fl np Which covers Uic canvck Inferior luiiJ posterior surfijces of the medial condvlc, 
Md IS gently etirved wiili the convexity of the ciin,c direcled mediaitv. The lateral 
hbtal surface covem the same aspects of the biicxal condyle but forms a rather 
oro^cr atnp, which passes irtraight backwards. 

The lateral condylo (% 440) h Haticncd on its Jatend surface and is not so 
prominent as the medial condyle, but it is stouter and stronger, for it is placed 
^n: diiMly in line with the shaft and probalilv takes a greater share in the 
tninsm^ioti of the weight to the tibia. The most prominent point on its lateral 
^pect IS termed the htierai epifsndyte, and the whole of this surface can be felt 
through the skin in the living subject, A short groove, deeper in front than 

k!!)'? 1 epicondyJc from the articular margin below and 

E>ehi[id. JI1C rntdid^Burfit^ of the condyle forma the JatcriiJ wail of the miur- 
cond ykr fossa. 

TI1C m^iaJ cof^yLe possesses z bul^ng, convex medkl si^rwct, which can l>e 
paipai^ without difficult);. ItB npperniDSt part Is marketj bv a bitoJI projecUoii, 
term^ the adduclof (fig. 4J5J because It gives inaerUon to tlii' tendon of ihc 

adductor magntis muscle. The [ubereJe is an important bony landmark for the 
surgeon^ and be jtkntified moat readily when ii ia approadicd from ib&ve. 
i ne most pmminenl point on tfic medial suifact: of the condyle is below and a Jit tie 
in {root of me adductor tubercle and is termed the wedrW rpkf/ndyJt^ The Jatcrsl 
fos^^ condyle is raughened and forms the medial wall of the iniercondylar 

rntemndylar fossa (inicrcozidylar nofch) separates the two condvies 
u the lower Ixjrder of the patellar surface 

and behind b> the miirrondykr fme, which scparales it from the popliteal surface! 
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It lic» Mithin ihi: capsular ligament of the knee-joint, but is covered with synovuil 
membrane only over a very limited area. 

Particular rcaturcft, —Tlie patellar surface extends hi|$bcr on the JateraJ than on 
the medial aide; its upper border ihcrcfore is oblique and run* downwards and 


Fio. +3Q.—Tbe lower end of dw left femur. InfEtior afipect. 
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medially (fij. 43 s). k is separated from the tibtaJ surfaced by two faint izmovea 
which eroea the condyles obliquely. ITic lareraJ groove la (he better marked tfe. 439) * 


Fic. 440.—The lower end of the righi femur, l^ieral oapect. 
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it niiM latcrtaUy and »1ighily famarda from the froat p»rt of the r 

and expands to form a fatni triangular depmsion, whicK rest* on the fnssa 

the ;^phcry erf the lateral meniscus w^en the "if 
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nuicljgl gTMve it rcjtrictrd tn thii medial pm of the medial Erondvlc and nn »k. 
an^oredae of the n^ial metOaeui in fall extemiion of the knee/\Micr« thiserwve 
tile patellar mrface u cnnttnuHl backward! on to the lateral part of the medial 
^dyle as a senulimar area atUomitifj the anterior t>m of the intercondylar^mM 
area amculatp with the medial ^rtical faeet cfX patelfa i?, SdSoS 
w-joini It la iwt diatitictly outlined in most femora. 'I'he tibia] ourfacea art 

towkwarda. The anteroposterior cun-nturt 
of the two aurfaces ta not of the same desrree throughout, beinif mu^sharper in both 


Fic. 441.—A »€cikin Through thr hip-jami. 
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la m from. medial lihiai surface is longer than the laicnil 

femt^^h?'h ^ concsim to %t iatera! aide, dif* 

fere^M wluch hi\t » faring on the movements of the knee-joint (p. ja&). 

In full flexion of the Itnec-joim tlie aharply curved posterior parts of the tibial 

nicoisci, while their anterior parts art in contact with 
^ ^ extension the anterior parts rest tin the tibia while 

the pwtertor part of the articular «psuI^of 

►k medi^ condyle projects medially and downwards to such an extent 

ohhquJty of the shaft, the lower surface of the lower end of 
practic^yhanzontal. A curved strip, about t cm. wide, adjoirring the 
‘V articular surface, is covered with synovial membrane and lies 
^thin the cfipsde nf the knec^oint. The medial cpicondylc. which lies above ihi* 
** l^e tibral collateral ligament of the knee joint 

,_ ' 7 ’"‘*7' condyle is lew prominent and its lateral surfflce projects but little 

^yoird the fatera! surface of the shaft, m lateral epicondyle ^giv^s at^chirlem 
to the fibular collateral hpament of the knee-joint, and above and bSind it the bone 
-^pniMion which givea ongm to those fibres of the lateral head of^e 
?nd cap™lar liK«nenl. The deepened, mterior 

orioin^^f^tk^ between the epicondyle and I he articular maroin gives 

oriRin to the popbteus (fig, 440) muscle ; the poatcriur (or upper) end of fl« b™vc 
odge* the tendon of the muKle only in full Bexion of the k^.^ jn cxteMion the 
r ^rticukr surface below, and sometimes gr^m 

it. Immediately adjoining the smcular maripn a atrip of the lateral condyle^TUi 
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Flf:. 442.— An oblique MfCtio^ througti 
thti fnd af the. kft femur mhowmtt 
cf tcif reimanilc. 


bniftiit ^ inlracapfiuVflr, imd is cuv^red with syTiDvifll membrartc^ with tb-e tsception (if 
die eleprtssiun from %vhich ihe pop] item srisea. . , . 

'J'hc mtercondylaj fossa ^ intercondylar notch) separates the projectinij j^rttons 
of the TWO comlyliSj ind is inlracapsular but^ lo a large s.'iTcnt, cstrasynovlaL Its 
latcttk] uqII, lornted by the medial surface of the luletal condyle^ SKsits a danened mi* 
preaaion ivhich occupies it* upper and posterior part and cstends on to the litjor of 
the fossa dose to the inieTcondybr Hue. This imprcfisicin gives attaehment to the 

upper end of the ontcrior rruciatc lijEamtini. 
The medial wall of the fossa, formed by the 
lateral Burface of the medial tondykv bears 
H similar but rather larger impression for the 
atturhment of the upper end of ihv posterior 
ctueiate ligament ; it is pUced imteriorly 
and extends on to the anterior pan «f 
the floor of tlic fossa, llicsc nvo impres¬ 
sions are idatiY-ely smooihi but ihc rest 
of the ftrifla » rough iin<i pitted by v^cuhir 
forominsp although nccasiondly ihe hursal 
recess between the ttvo ligaEiionts extends 
upwards to reach it; ITit intrrcQndslar hW 
gives sttachmeUE to ihe capsular ligament 
;4nd. Literally, to the oblique popliteal liga¬ 
ment of the knee-joani. *11ie anterior border 
of ihe fossB reecives the upper atuachment of 
the infrapatellar synoi ial fold (p. 521). 

Structure*—Tile sliaft of the femur ia 
a Cylinder of compact hone, hollowed by a 
large medullary cavity. The tvall of the 
cybnder is thick in the middle one-third 
of the shaft, where the bone is namowcat 
and the medunary cavity best formed ^ 
but above and below this the wall becomes 
tliinner, while the mcdtillarv' cavitr^ is 
gradually jilled up with spongy ftubstance^ 
sa that the upper and lower ends of the 
aliafl—and the articular extremities more 
especially—consist of spongv" substance^ 
invcGtcd by a thin compact layer. 

The trabecuhE in the ends of the femur 
are disposed along the lines of greatest 
pressure and Stress. In the upper end 
(liga. 441^ ++^) chief lamdUe are 
arranged in the follawing manner^ A 
scries of bony plates of right angles to 
the articular surface of the head con^ 
verge to a central dense wedge; tlua 
wedge is supported by strong lamellie 
w'bich extend lo the sides of the neck and are spedadly marked along its upper and 
lower borders, Aity force therefore applied to the head of ihe femur is trans¬ 
mitted directly to the central wedge and thence to the junction of the neck with 
the shaft Thta Junction is in turn strengthened by a seriK of dense Imnclhe 
which extend from the lesser trochanter to the ktentl end of the superior border 
of the neck; this arrangement will obviously offer couslderublc resblancc to 
either tensile or shearing force. A smaller bar stretching across the junction 
of the greater trochanter with the neck and shaft resists the shearing force of 
the muscles attached to this prominence. These two bars—one at the junction 
of shaft snd neck, the other at the junetbn of shaft and greater trochanter- 
form ihc upper layers of a scries of arches which extend across between the 
sides of the shaft and transmit to it forces applied to the upper end of the bone. 
A thin vertical plate of bone, named the cmcar femfjr^ilr (fig. 443)^ springs from 
the c?omp 3 Ct wall of the shaft In tJie region of die linca aspera and extends into 
die spongy^ substance of the neck. Medially, it joins ihe inner surface of the 
posterior vvall of the neck of the bone ; laterally, it continues the plane of the 
posterior wall of the neck into the greater trocViantcr, where it shades off into 
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the genera.) spongy sut^stanec. It m thiis situatec! in a plane antcric»r to the 
trochaxitenc crest and to the baae of the Lesser trochanter^ 

In the lower end^ t)ie trabccuhE spring on aJl sides from tlie inner surface of the 
cylinder, and descend in a diiectidn purpendiajlar to the articular surface—the 
trabcculse above the condyles being the strongust aud having a more accurately 
perpend Ecular course. In addition to this^ there arc horizontal planes of spongy 
substajiccp which in this situation is divided into a series of cubic^ compartinents. 

Ossification (tig$, 436, 43S, 443).—The femur is ossified from five centres: 
one each For the sliafip liead, greater trochanter, lesser trochanter, and lower end. 
Except the dasicle, it b the hm of the long bones to show traces of ossification. 
Osstfication begins in the middle of the shaft in the seventh week of intrauterine life, 
and extends u pwards and downwards. The secondary centres appear as follows t 
in the lower end, during the ninth month of intrauterine life (from this centre the 


FlO. 443.—’StAgcft in the oflaiiVviitiDO the femur. 

Xore liow the oec 1<, which h o«siBed m an cxcciisieti fiwn the skdi, invades the 
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condyles and epicniidylcs are formed) j in the head during the fimt year; m the 
greater trochanter during the fourtli year: and in the lesser troclumter betucen the 
twelfth and fourteenth years. 'Fhe manner in which the epiphyBis for the Jurad 
develops is noteworthy. The ossifie centre appe^irs in the upper part of the cardl- 
aginous head and until the age of ten is restricted to that part of the bone, so that the 
epiphytal Line, as seen in X-ray photographs (PL XIII), is hori^antaJ and the lower 
and medial part of the articular surface is Isome on the neck (fig* 443). Thereafter 
the medial margin of the epiphysis growa over the lower and media] part of the 
articular surface and covers it completely. As a result, when fully developed, the 
epiphysis forms a KUtly hollowed-out cup on the summit of the neck. The 
epiphyses, derived from the seoondar}' centres, ftise independently with the shaft 
after pubert )'; the lesser trochanter joins first, then the greater^ then the headt and, 
laady, the lower end^ wlucb is not united until the twentieth year. It should be 
noted that the lower epiphyseal plate passes through the adductor tubercle {fig. 436). 

Applitwi Aniitomy .—The tow'^jr end of the femur U uyujilly the only epiphyiib in 
which ossification liss emimenced at the ilmr of birth. The presence of ihis centre of 
CiSi^ification is, thert^fore, a proof, in a new-b,)m child found dead, that the child was 
viable, iinJ is d ways teJied Upon in mcdico-lcgftl invi.-srigu.tinn$. The position of the 
epiphyseal plate should be carefully noted. It is on a level with the adductor tubercle, 
and the epiphysis does not, rheirfom, form the whole of the synovial cov'cred poition 
of the low'cr end of the hone. U is essential to beat this point in mind wlicn oThztatlons 
are performed on the tow’cr end of the femur, since growth in length of the Ixine takes 
place chiefly from the lower cpiph^'scal cartilflye^ and any iiilcSercnce with it in « 







420 


OSTEOLOGY 


y-ounji cKild would involve such ultimdtc shortening of the limh, fmtn wont of «K>wtb, 
as to make the limb almost usekos- 

Fnteturca of the neck of the femur anr due to indirect vjoknee and uaiuiliy occur 
when the patient trip* over some minor obatfuctkin, The tnmk continues to move 
forwards and, ovcrbalancUiK, falls to the same side, imposing full medwJ rotation on 

the thigh and leg. , • ■ - l 

Below the age uf i 6 the usual injury aulTered from such an accident W a *P*™ 
fiBcturc of the shaft of the feinuc, flrtween the ages of i 6 and 40 the result is usually 
a ‘ bucket'handic * tear of the (Medial mentscUH of the knee Joint. In older patients, 
bctw'een 40 and 60, the result is 3 Potts* fracture of the leg, but, in paiicnte over to, a 
fracture of the neck of the femur is the common result owing to the aenik degeneninve 
clianges which have occurred in the bone. Women arc more Itsblc to this iniury than 
men. for their hones are more lightly built In the first instance. 


1'HE p.vreuiJ^ 


The patella (figs, 444, 443)*—the largest of the sesamoid bones—is situated in 
front of the fcnee-piot in the tendon of the quadriceps fettioris. It is fattened and 
triangular, and has an anterior and a posterior surfiCT, three borders, and an apex. 
In the living subject in die erect attitude, its lower limit lies more than i cm. above 
the line of tlic knee-joint. 

Fns. 444 and 445.—The left pstclle. Anlcrior and posterior aspects. UiaWIV from 
a fresh, unmsccraiwl specimen, with the snicukr «trtilif;e present. 
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ITic finirri^r which is readily palpable, ia convex, perforated by aperture 

Tor tlie passage of outrieni vessclsg and miriced by numerotia rough, bn|dU]diTkaj 
striff. It is separated from the skin by a borsa and is covered, in the rcc4:ni state^ by 
an expansion from Uic lendon of the quadrioepa femoris } this expaiL^ion b con- 
tmuous below with tbc dtipcr£dal fibres of the llj^amcntum patella:. The 
lurface preaents in its upper part a smooth, oval, articukr area^ divided into two 
facets by a vertiail rid^ ; the ridge coTresponds to the groove on the patellar surface 
of the fcniurH. and the facets to the medial and lateral parts of the same surface; tkf 
iftirrai foiti ii fkf hoader and deeper. A narrt^w atrip, broader above than bdow 
and often mconspicuous in the macerated specimen, is niarked off from the media) 
part of tlie medial facet, Thb strip comes into conta4:t with the medial condyle of 
the femur in extreme Ikxion of the knee-joint, Bdow the articular surface the 
uprx, which pfjints downwards, is roughcnctl in its lower part for the attachment of 
the ligamenium patellar; its upper is covered by the infrapatellar pad of 
fat. 

The baiff or si^pfrior burdtr is thicks and sloped from behind, do^wards and 
forwards ; it gives attachmecii, except near its poflierior margin, to tliai portion of 
the quadriceps femoris which ia deris^cd from the rectus femofia and vastus intcr- 
medius. The medial and iateral torders are thinner and they converge below : they 

• I’he resulis of expcrirncntfll cxeiiieti of the paicltH in du^;? were dt^tribai by Eben I. 
C*teY, Waller Keit and Bernard F, McCJnith, Amff. 7 + 40, 
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give attachmtint to those poitiom of the quadriceps femoris whidb. arc derived from 
the vasri mcdialis ct lAteiuIb. Near the junetian of the base and lateral border 
there b 3 Binalh shallow, circabr depression into which a part of the tendon of die 
vastus lateralis h inserted. 

Structure^—The patella consists of a nearly unifonn dense spongy substance, 
co%'crcd by a thin compact lamina. The spaces immediately beneath the anterior 
surface are arranged parallel with it. In the rest of the bone they radiate from the 
articular idurfacc towards the other pom of the bone. 

Ossification-—The patella is ossified from a single centre, which usually makes 
Its appcaiunce in the second or third year^ but may be delayed yntil the sixth year* 
Ossification b completed about the age of puberty. 


Tl ^K TmtA (BMa. +4£M50 

General features.—The tibia is the medial and much the stronger of the two 
bones of the leg, and, excepting the femur, is the longest bone of the skeleton. U is 
prismoid in form, and possesses a shaft and two ends. Its lou'^ ettd is smaller than 
the uppfr mtf, and on its medial nd> a stout process, termed Utc medial malicolus, 
projects dowmw^rda beyond tJie rest of the bone. The antm'or bi^rder of the shaft 
is a conspicuous, sharp crest, which curves medially at the lower end towards the 
medial malleolus ; it is tJie most prqiiiincat of the three bordem. *rhc student 
should now be able to refer a given tibia correctly to its appropriate side. 

The upper end of the tibia is expanded^ especially in its transverse axis, to 
provide a good bearing surface for the body-weight transmitted through llie lower 
end of the femur. It comprises two praminent masses^ named the medial and 
tateral condyUs, and a smaller projection, termed the 0/ the tibia- The 

condyles project backwttrds a little, so as to overhang the upper pan of the posterior 
surface of the shaft, and superiorly each is covered with on articular surface, the two 
being separated by an irregularly roughened mtereondylar They form visible 

and palpable landmarks at the sides of the ligameuium pate] lie, the lateral condyle 
being the more prominent of the two. When the knee is flexed passively* the anterior 
margins of the tibial condyles can be felt readily^ and each forms the lower border 
of a depr^iou at the side of the patellof ligament. 

The medial condyle is the larger but does not Dverhang so much as the lateral 
condyle. Its upper articular surface (fig. 446)1 oval Ln outliiie, is concave in both 
diameters, and its lateral border projects upwards, deepening the concavity and 
covering an elevation^ termed the meJidE intereo^ytar tuhtrcii* The posterior 
surface of the condyle is marked, immediately below the articular margin, by 
a horizontal, roughened groove. Its medl^ and anterior surfaces form a 
rough strip, separated from the medial surface of tlie shaft by an inconxpicunus 
ridge. 

The lateral condyle overhangs the shaft, especially at its jwsterolateral part, 
which bears on its lowr surface a small circular facet for articulation with the 
upper end of the fibula. The upper surface (fig. 446) is covered mxh the articular 
surface for the lateral condyle of the femur. Nearly drculaj in outline, it is slightly 
hollowed in its ceniraJ part, and its medial border extends upwards to cover an 
elevadon, tern led ihc iaiersi interctmdytar tiiherck. The posterior, late raJ and anterior 
surfaces of the condyle arc rough. 

The anterior surfaces of the two condyles become continuous in front widt a 
Large triangular area, the apex of which is directed downwards and is Formed by the 
tubenositv of the tibia. I’hc lateral edge of this area forms a sharp ridge which 
separates the lateral coudyte from the lateral surface of the shaft. 

I’he interemdytar area (fig. 446) is a roughened strip on tlic superior surface, 
which intervenes betw^^ die articular surfaces of the two condyles. It is narrowest 
at its middle, where it Is marked by an elev-ation termed the r>ti^rcoiidj/ar emintfice. 
'Hie lateral and tnedial parts of the eminence project sllglhtly tipw^ords, and constitute 
die taiera! and medinl intercondylar tubercles^ Uoth behind and in front of die emin¬ 
ence the intercondylar area becomes w'ider, as the ciir\'ed margins of the articular 
i^urfaccs recede from each other. 

Tlie tuberosity of the tibia is placed at the upper end of the anterior border of 
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the shaft, aad is the mjnoited ^pex of the triangukr area on the from of the boot 
where the anterior surfaces of the tw'O condyles become contintiousp It forms a low 
etninencCp divided into a lower roughened and an upper smooth portion. The L-owEf 
part can be felt through the skini from which it is separated only by a bursa termed 
the subcuianeous infrapatcUar bursa; the upper part gives attachment to the 
ligamentutn patclLx. 

P^icular features.—The artituiar rio/oc^ e/ the mcdlat fondyte is oval in sbape^ 
With in long axis anlcrppofterior and is perceptibly the longer of th« two,, in con¬ 
formity with the differences which betwexn the tibia! surface of die two 

femoral condyles (p. 417). It is rdated around its anicrior, medial and pti^eriDr 
margins to the mc^al meniscus, and the area of contact is Rattctied. Th^ imprint 
uf the cartilage, which ii w'idest behind and narrower m the tncdial side and in fronts 
can often be recognised on the bone. The test id the surface is concevc, and its mised 
lateral margin coveta the medial mtercondylor tuhercle, 'Jlie arlr'cuhir rur/iire 0/ tfit 
lateral cendyie is more nearly circular in iihapc. Like the mcdiiJ articular surface it U 
related to the corresponding meniscus^ and bears its tlatxcncd imprint. Elsewhere 
the surface is very slight!]^ concave 10 adapt it lu the surface of the corresponding 
femoral condyle and iis mbed medial margin is continued on to the lateral aspect r^f 
the lateral intercondylar tubercle. The etlj^ of the twn articular surfaces arc sharp 
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Fig. 446.—Ihe upper surface ci the 
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except HI the posterior pert of the laieml surfnee, where the margin is ancioth and 
n»unded ; in this situation the tendon of the ^plitcus is intimately related m the bone 
tttilCTWr iitXerfOTiJy/flf ana (fig, 4+7) is widest aiiicnorly, tn its nnteromgdiai 
pan, just in front of the tnedisj articular surface, it bears a slight depressinn which 
gives atwchtticni to the snlenor horn of the medial meniscus. Behind that depression 
a relatively smooth area aSbtd* attachment to the lower end of the anterior cruciate 
ligament. The anterior horn of the btctal meniscus is attached in front of the intet- 
cond)’]ar eminence and lies Jatiral » the anterior cruciate ligament, 'llie intfrfOHdvtar 
mtintTUx occupies the narrow, middle part of the area, and •$ suimounied Uv iwu 
tubercles, of which the raedinl is slightly the mote priMtutient. 'Jlic posterior slow: of 
the eminenec gi'^CS atiaL-hnwint to the posteriorhom of the lateral meniseua, and behirid 
that the pwtmw iNfcrfflnifj/or o™ indtnes downwards and butckwa tds, A depmssiun 
behind the base of the medial intercondylar tubercle gives attachment to the posterior 
horn of the medial nwmscus. The rest of the ana is smooth nnd affords attachment 
to the lower end of the postenor cruciate ligomeju, as fat back as the ridire to which 
the capsular ligometir mtached, 

'ITie grmive cm the posterior surface of the medial tmtdvlr receives the insenloti 
of the semim^brimosus muscle ; ns upper border receives the capsular Itimment 
and the interior and shorter fibres of the tibial eullatcml ligament of the JmSim' 
l-he medial and anterior surfaces of the condyle, which ai« marked by numerous 
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vasHzular ^vc allach- 

munl tP the medial paiellaf nrtina* 
culum. 

The Jibufttr facti on the 
condyle is dircctcii douTiwarda and 
slightly badrwarda anj laterally. 
.\bdvc and to its medial aidr thtf 
posterior surlace of the condyle 
w Ufrooved by the tendon of the 
popliteus^ but a^^novial recess in- 
icrv'encs betu'cen the [endott and 
the hone. The lateral and anterior 
surfaces of the condyle are sepa¬ 
rated from the lateral Surface of 
the shaft by a sharp nfiarsin ivhich 
give* Bttachmeni tn the deep 
fascia of the leg. j\n impression 
■on the anterior surhici:, often well- 
niaHced though Rattened^ affords 
attachment for the iliotibial trairt. 
Near the hbular facet the upper¬ 
most ftbrea of the estensor digi- 
tamtfi iongus and occosionaity 
those of the pemnctiS longus arise 
from the lateml surfaccp 

The tuberoahy of the tibia 
i* subcutaneous in it* [uwqt pan 
only, it* upper part receive* the 
attachment of the ligamentum 
patdlue. The two areas ore some¬ 
times separated by a rough crest, 
which receivea the superheiaL 
fibre* of the ligament. Above the 
tuberosity the bone is related to 
the deep Eurface of the Jigornent, 
but the deep infrapatellar bur*a 
and some fibm-fatty tissue inter- 
^■ene. 

The shaft of the tibia (fi^. 

450) is trian^liir on section, 
possessing medial, latcrU and 
posterior surface*, separated by 
anterior, Interosseous and medial 
borders^ It U thinnest at tJiC 
junction of its middle and bw'cr 
thirds, blit expand* considerably 
toward* its upper and lower 
ends. 

The animor Confer com- 
rnenecs at the tuberosity of the 
tibia and runs downwards to 
the medial malleolus. It is sub- 
ctltaneon* throughout its whole 
length, and, except in it* lower 
foui^, w here it i* rounded and 
indistinct, forms a sharp crest, 
which is familioriy known as the 
* shin** It is not siroightj but 
follow's a slightly sinuous course 
and its lower fourth diverges to¬ 
ward* the medial side. 'I'he 
ml^OiSeouM border commence* 
below and a little in front of 
the fibular facet on the lateral 
condyle and descends to reach 
the anterior border of the fibuiar 
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notchk which maik^ the lateral 
napect of the lower end of the 
tibia. In nearly the whole of 
its If^ngtb it aiforda atUtchment 
to the interosseona membrane 
which connects the tibia to the 
hhuJa. As a rule it ts poorly 
dcbncd at its upper end, but is 
easily identified in the rest of its 
extent. The mtdiat border com- 
fnenecs below the stntenor end of 
the groove on the medial con¬ 
dyle and runs downwards to the 
posterior margin of the medial 
malloolus. Its upper and lewder 
fourths arc rounded and ill- 
defined ^ but its middle third 
is sharp and disdnet. 

The wiediai inr/are is bounded 
in front by the anterior border, 
and behind by the medial border. 
It is broad and smooth, and b 
subcutaneous throughout prac¬ 
tically its wiiok extent. The 
lut^ai Jto/ocfj also broad and 
smooth, b placed between the 
anterior and the interosseous 
borders. In Lb upper three- 
fourths it is directed laterally 
and b slightly concave from be¬ 
fore backwards. Its lower fourth 
is carried mund on to the front 
of the bouCp ow'ing to the devi¬ 
ation of the anterior border to the 
medial side and the forw^ard in¬ 
clination of the lower part of the 
interosseous border. This part 
of the surface is somewhat convex 
fortvards. The poiterurr surface 
ia bounded by the interosseous 
and the medial borders, and is 
widest at its upper end, where 
it is crossed from above down¬ 
wards and medially by an ob¬ 
lique, roughened ridge, termed 
the iine^ T’hc area below' 
thiB line is subdi^^ded by a faint 
vertical line, whicJi begins at or 
just hebw the middle of the 
Boleal line and soon fades away* 
A prominent ocular groove 
marks the bone near the upper 
end of the vertical line and de¬ 
scends to enter the large nutrient 
foramen ; it may be situated 
cither on the lateral or on the 
medial side of the vertical line. 

Parlicolar fcatujw.^qiie an- 
(mor border provides attachment 
lor the deep fascia of the leg. A 
hide above the medial niHlIcolus 
It receives the medial end of the 
































THE TIBIA 


pypcrinr reiinBC- 

utum. Atwjvi! the pokal line 
the medial border (fives ftttiich- 
inrut to the fafida coverinjf 
che popliteus muscle and to 
the poatenor fibres of the 
tibiul collateral ligament of 
ihc kiwc-ioini; below the 
soleal line it gives origin for a 
short distance to fibres of the 
poleus mkiseb and attachment 
to the fasciEi which co^'crs the 
deep muflclcft of the leg. At 
3 is lower end it becomes eon- 
linuoiis with the incdiol bor¬ 
der of the grcK>ve which 
Indges the tendon of the tibi¬ 
alis posterior muscle. The 
fnfrF^>jretJBr berrdrr gis'es at-* 
tochment to the inicrtisseoLis 
membrane of the Ieg+ except 
at its upper and lower ends, 
its upper end h scarcely re¬ 
cognisable, tind in this iitua- 
Hon there is a lanjc gap in the 
interosseous nrttmbrtme for 
the passage of the anterior 
tibinl vessels. Its lower end 
forms the anterinr boundary 
of the fihulur notch and 
Attachment to the anterior 
tibiofibular ligament. 

The itirdiai turface is usu¬ 
ally roughened clofle to the 
upper part of the medial bor¬ 
der over an area nearly 5 cm. 
long and i cm, vi‘ide * thia 
ares gives atCachinenE to the 
longer fibres uf the Hhial eoU 
lateml ligament of the knee- 
joint. in front of thia 
roughened area the surf (ice 
provides insertion for the ten¬ 
dons of the saitorius^ gacilif 
and 3icmitc.ru! inosus muscles, 
w hieh how^e ver rarely prod L±ce 
markings on the hone. The 
gracilis, abm^e, and the semi- 
tendinosus muscle, below and 
behind, are jfwertcd immedi¬ 
ately in front of the Ugomen- 
lous area ; the aortonus is in¬ 
serted into a line which com^ 
mences above and descends i n 
front of tile two other wuef- 
tioos (fig, 449). The rest of 
surface is covered only hy 
superhcTAl fascia and skin, but 
its low'er part is ciTwsed ob¬ 
liquely by the long saphenous 
vcinp as it ascends from in 
front of the medial malleolus^ 

The taferat surface gives 
origin in its upper two-thirds, 
or le$is^ to the tibiuJis an¬ 
terior muscle. Its lower part 
is devoid of muscular attach¬ 
ments, but is crossed by the 
tendon cf the tibialis anterior 
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45ar-^The banes of the left leg. 
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(which alDfifi thclatend side of 
the antedof border),!, the cxtuimpr 
hftlluciA Inngiu^ th< iintenor tihiol 
vessels and nervQ, the estensor 
diKitoruin lonfii^ and pcitmcua 
teitEus, in that order froni the 
medial m the lateml aide. 

The pcittrior mrjace iftve* in¬ 
sertion to the: poplitcus o^-cr the 
rnangular area athovc the salcal 
line, with the exception of the 
area adjoinij^ the hbillar facet. 
The yo 7 «T/ linr gives attachment 
to the strong faacjR which co%^cr* 
the poplitcus muscle, and tc» the 
soleus muscle, its covering faseta^ 
and the fascia coveriRg the deep 
muscles of the leg. The upper 
end of the line t$o» not teach the 
[nterosscous border and Is marked 
hy ■ tubercle^ which gives attach* 
ment bi the medial end of the 
tendinous arch in the sulcus^ 
Luteml IP that tubercle the post¬ 
erior tibial veaaeJs and nerve de¬ 
scend pn thesutfacc of the tibialis 
posteriorp ik^tow the solcal line, 
ihc f-Triioi! Hm sepamtesthe origi n 
of die llexor digitjorum longus on 
the medi^ side fmm the origin 
of the tibiaUs posterior (figp 4 % 1 
The lower fourth^ or more,' of 
the pcAtcrior surface is det-oid of 
muscular attachments, but is inti¬ 
mately related to the tirndon of 
the tibialis posterior m it runs 
dowTiwards and medially to reach 
the groove on the hack of the 
medial malleolus. The flexor digi- 
tonim longus Ucs on the ptsstcrior 
surface of the tibialis jMBteriotp 
crossing it ohliiiuely from dre 
medial to the lateral aide, but the 
posterior tiblal vessels and ncr^t 
and the hexor hallucU lotigus 
come mlo contact with the luteml 
part of this surface for a short 
distance infcriorly^ 

The lower end of the tibia is 
greatly expanded, and its medial 
portion projeep downwards to 
form the medial tnallcolus. It 
pt^ssesscs anltrior, medial, post¬ 
erior. lateral and inferior sur- 
faeesp 

The antmor lurfact h smooth 
pid bulges fonvards bevond the 
inferior surface, from Which it b 

sej^ated ^ by a narrow grotjve. 
It i» continuous above with the 
lateralsurfaccof the »liaft(p.424). 

rhe.mr^/w/ turfaee also is smooth 
and ts contimious above with the 
medial surfiicc of the shaft and 
below with the medial surface 
of the TTlcdbl malleolus. It b 
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subcutaneous and can easily be fdi tkrmigti the skin. The pottmor najatf ti 
crofised at its medial end by a groove which ia usually conspicuous and can be traced 
do^vn on to the poatenor surface of the medial m^eolus. Elsewhere this surface 
of the lower end is smooth and is co-ntinuoiis above with the posterior surface 
of the shaft. The laierai iur/ac€ is formed by a triangukr noteJt, termed ihefibular 
norchy which b intiniately related to the lower end of the fibula The antciiot 
and posterior borders of the notch are salient and converge to meet above on the 
intcrosscoua border of the bone+ The fltwr of the notch is rouMhened in its upper 
part for the attachment of the interosseous Hganient which binds the lower ends of 
the two bones securely together. Its lower part is smooth and is sometimes covered 
with itrticular cartila^. The inferior r«r/acr is smooth for articulation with the 
body of the talus. Wider in front than behind, it is coiica^x from before hackvr^irds 
and slightly convex from side to side, Medkily it is continuous with the articular 
surface of the medial malleolus. 




h'ic. 4531 .—Su4^ in tin? pfaiticition of the tibia. 
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The medial malJeolu 3 is a short but Stour process. Its lateral surface ia 
emooth and covered with a comma^shaped andcular facet, which articulates with the 
medial wdc of the talus. Its anterior surface b rough, and its posterior surface bears 
the lower end of the groove that marks the posterior surface of the lower end of the 
bone. The lower bolder of the malkolus w pointed in front, and behind that, it 
presents a depression for the attachment of the deltoid liptnent of the ankle-joint. 

Particular features.—The animor stir/a£t of the lower end is related to the 
tcndpO!A^ vessels and rnm'e which lie on the lower part of the Intend iiirritcc of the 
shaft and ha-k c already been enun^emted (p. 426), The narrow groove adjoining the 
anterior bc^rder of the inferior flurface (dves attachment to the anterior part of the 
articular capsule of the ankle-joint. The gnx>%'e on the pett^rior furfitee lodges the 
tendon cif the tibialis posterior^ which at that level imially Bcparates the digi- 

torum langus tendon from the bone. More ktcrally ihc pi>stcrior tibia! vessels and 
nciv’c and the flexor tmllucis bogus tendon arc in contact w’ith this surface., llie floor 
of tile ^AichiT mirh, especially in its tough upper pan, gives attachment to the imeros- 
seous tibioftbular hgament; its lowxr smooth pan may be covered with articular 
atnilage^ The unterior and posterior boniera of ihe notch give attachment mpectively 
to the anterior and posterior tibiofibular ligaments. The rrtrJiai malltoius is shorter 
than the lateral maileolLis, which lies on a more posterior plane. Its anterior sur^ce 
gives attachmenT to the anterior part of the articular capsuie of the ankle-joint. Its 
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postcnor surface is grooved by the [ibialis posterior tendon, and the reiscdi fnedlol 
ttk^rAin of the groove givea attnehment to the Hcnor tTciinBOjlnm, The upper end of 
the dcJtoid ligttmeni is Mrtmrhed n> the lower border of the maJleoliu both to the 
p^iintcd antenor part and to the depre^iem behind it, 

Ossiiication^—The tibjn is ossified fruni three centres ffigs. 440,451| 45^): one 
for the ahuft and one for each end. OssiHcation begins in the middle of the shaft 
about the seventh week of intniiitennc life. The centre for the upper end is usually 
present at births and fmm k a thin tongue-shaped process cjctetids downwards in 
front to form the tuberosity- (fig. 452); the centre for the lower end appears in the 
latter Half of the first year* The lower end joins the shaft about the ctgho^nth year; 
the upper about the twentieth year. An additional centre for the totigue-shapcd 
process which forms the tuberosity is mn uncommon ; it appears about the twxlfth 
year and soon fuses with the upper epipb^-sis. The medial malleolus is usually 
formed by 1 downward extension from the bwxr epiphysis, commencing in the 
sevcnlh year ; it occasionally possesses a separate centre of ossification. 


THE FmUL.\ (figi. 448-451) 

General features*- The fibula Ls the lateral bone of the leg, and h very slander 
as compared with the tibia, for it m not cailJcd upgn to ^hare in the transmission of 
the body-weight* It an upper end or head, a shaft and a bwxr end, 

which constitutes the lateral malleolus. The shaft shows considerable variation in 
its form, for it is moulded by the muscled to which it gives attachment; and these 
variationE may prove confusing to the junior student. The tmrrr end should be 
identified It is expanded antcm-po^iieriorly but is flattened from side to side. 

It bears a triangular articular facet on the anterior part of its mr/acef which is 

directed medially to articulate with the tulus. A welbmaikcd depresshm, termed the 


Fig. 453 .—A trojitvctse scefiim through the riiibc cibis nod tibub, shewing ihc 
atUelimcnT of thr criLniL bilemvEwiUA mtmlirMi*;. Upper dxpccL 



p6frmV?f biirdrr 


m^iUolar foim, Ueapmttriar lo tile artiirwlaf fttCcL The studeni bs now been pro^ 
vided with sufficicni information to enable him lo determine the aide to which a 
given fibula belongs. 

The bead df the fibula is slightly epcpanded in all its dtsmecer^, and pmlccts 
beyond the shaft in front, behind and on the lateral side. It bcaia on its upper sur¬ 
face a nearly ckcuhir articular facet, which articulates with die inferior suifaK of the 
lateral condyle of the tibia; h faces upwards, and shghtly forwards and mediall v A 
hlufit cle» ntion, temied thvufvx o /tlit fteail {tlyloiJ firticesi), projects upwards Yrom 
the lateral part of its posterior surface. The bead nf the fibula can be felt thmueh 
the skin on the posierorateml aspect of the knee, «f«r/v 2 em brAne thf tnvl of the 
kitee-jmnt. Immediately below the head a large nm-e, termed the common 
peroneal (kicfal popliteal) nerve, crosses the posieioUtteml aspect of the constricted 
upper end of the shaft and can be rolled ag^nst the bone in ihe living subject. If 
su^ieni pressure is exerted, tingling sensations will be experienced on the dor^m 
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of the f(KJt, radiating to tlic toes, und especially to the medial ddi: of the big tiH'. 

The Lower end or lateral malleolus projects downwards to a lower Iccel that! 
dhc tihia and lies on a more posterior plane. Eu lateral surface h subcutaneous and 
can be felt through the skm without difficulty ; its postcriur surface is marked by a 
broad groove with a piominent lateml border. Els anterior surface is rough and 
rounded and is continuous below with the inferior border. Hie medial surface 
presents a triangular articular facet, with its apex punting downwards (fig, 454), 
tx articulates with the lateral surface of the lalus in the ankle-joint, and is convex 
from above downwards. Behind the articular facet the bone is marked by a Tough¬ 
ened depression, termed the wialteGlar fa^sa, which readily admits the tip of a finger, 

^Fhe shaA of the bbula {ligs. 44^^ 

450) posses^s three bardeis and three 
surfaces, each of wdueh cmi be a^oci^ 
ated wnth a particular group of muscles. 

1'he borders are anterior, posterior 
and interosseous, and they should be 
identihed first. At its lower end the 
iifttm'or border commences at the apex 
of an elongated, triangubr area w hich is 
eonttnurpus below witli the laieral 
au rface of the lateral malleol us. Traced 
upwaids, it ascends to reach the an¬ 
terior aspect of the head. The poi- 
itrior hurdfr is continuoua with the 
medial margin of the groove on die 
hack of the bteraj malleolus. UsuaLly 
sharp and distinct in its lower part, it is 
often rounded in [he uppr half of its 
extent. The mterossf&ns Aerdrr lies to 
the medial aide of the anterior border 
and as a rule is on a more posterior 
pl^e (£g. 453), hut in the uppr two-^ 
thirds of the bone these two b^irdcrt 
arc vety close to each other, and the 
intervening surface may be reduced to 
1 nun, or less in width. 

The istfrat furfacr is hounded by 
the ahlcrior and posterior borders. It 
Is associated with the p-^roneal muscles, 
and is directed lateral ly in its upper 
three-fourths. I ts lower fou rth inclines 
backwards and becomes contiriUDU» 
with the groove on the back of the 
lateral mallcolua^ The rn^dmi sar/act 
(afitm&r lurface) Ls iKumdcd by the 
anterior and the interosseous borilera. It is usually directed forwards and medioLly, 
but frequently faces directly fonvards. Wider below', it Isecomes very narrmv in its 
upper half, and may be reduced to little more than a rounded ridge. Et is as^iictalcd 
with the extensor muscles of the k-g. The pasterior is the largest of the three 

and is pbccd between the inrejosseou& and the posterior borders. Et is associateJ 
with the Hexor mu^les of the leg. In its upper two-thirds it is divided into two 
areas by 3 longitudinal ridge, termed the mtdiai msf, whicJl is sepamted from the 
interosseous border by a grooved surface, directed mediaLly, The rest of the 
posterior surface faces backwards in its upper half or more, buf its lower part curves 
mund on to the medial aspect and faces medially. The lower part of this area fils 
into the hbular notch on the tibia and is roughened for the attachment of the inter¬ 
osseous tibiofibular Ligament. 

'Fhe elongated, triangular area immediately above the laltral surface of the 
btcral malleolus (fig. 44SJ is sui>ctJtancoiis, hut the rest of the shaft is covered with 
mueclcs and cannot be examined satisfactorily in ilic living subject. 

Partietdar features.—The kfad qf ikefibtda afTurds origin to fibres of rbr extensor 
dimtonim longua in from, p^rwicus longos anterolatendL^', and soleus behind. 1’he 
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tendon of biceps fcmorii gains prindpal insertion inio ihe [antertilaterul^ sloping 
suifacv of the apex^ but ti is apUt near its insertion by the lower parr of the hbulnr 
coHatend iigament of the knec-ioint, snd its senallcr antehur part itito the Enteral 

aspect of the hmd, above the on^n of the pcroncus longus. A t^atiened impression on 
the Inteml aspect f>f the head receives the bvver ntnichmcau u| the ftbLilar colktend 
ligament of the kntc joint. The margirw of the articular facet provide attachment for 
the capsulnr ligament of the tihlofibidar articulation. 

The «fffcrior border of the fibula divides infcriorly into tw'o rid|^ which enclose 
between thein s subcutaneous trUnguior surface (fig* 44Hh The anterior inter¬ 
muscular septum of the leg is attached to its upper three-fourtlu, and the lateral 
eicimnity of the superior extensor retinjmulujTi to the bw-cr part of the anterior bonier 
of the triangular area. The lower part of the posterior mtir^in of the triangular area 
attachment to the Lateral extienruiy of the superior peroneal retinaculimi. The 
int^otseous border terruuuitcs brluw at the upper eitremity of the roughened area fur 
rhe attachment of the interosseoirs ligament of the tibiofib^jJar sjTidesmo-^fb, U pro¬ 
vides atmehment for the inicrosscous membrane and does not reach m high os The 
head of the b^mCp on account of the gap in the upper part of the membrirte for ihe trans- 
mi^ion i>f the anlerior ribial vessels. The poiterior border is nnt always recoinisabic 
at its upper cod ; tacIow% it becomes oontinuoijs with the medial botdLr uf the groove 
on the back of the laicraJ miillcDlus. Except at its lower end it gives attachment 

.k -c 1 rothepmlcriorinfemiusDilHr 

i-IC. 4 S 5 *-blaRes m the oisificiticin of the hbula. ofthe tlT^, The tflfdiui 

rrrst of rhe Ltone ij inrimately 
. /^a*fa peroneal arteryp 

iu 25 nutrient ft3n'UTieii of 

the fibula is ahuated either on 
the crest or in ira immedSaic 
V ieinity near ihc middle of the 
shaft. It gfveB atuchment to □ 
layer of the deej> fosc la of the 
leg which separates the tibi¬ 
alis pc^tcrior from the (lexor 
hallucts longua and the flexor 
digitorum longu$ musclei. 

The ntadiui iurforc !«??- 
tenor .,f the liliuJa is 

often termed the r.ftejutor jhjt- 
forr, for it pves origin to ihe 
{^tensor dlgitotum langus, 
ibc extensor hidlucis longus 
aiidthcpciunfuaTcrtjiU. 'Hit 
c3cti>nsoir iliKiionon loii|[u» 
arisua from the whotc bii'dilth 

j - j f .. * , . upper founh tif (ht 

surface and from th.: uiicnor pan of ihc soccecdinK two-foutths ■ the exten«,r 
^lucta lonipu tnici from its middle two-fucinha behind the extensor dial ion im 
JnnguB ; the pmneua icttius adses from lu Itjwcr fourth .^r more, and ii. difectiv 
coniinuoua Hfth the lower pan of the extensor dtKUonim (onaui. The laiiral 
» frequently termed ibi Wauw it give, origin to ihe pem™^ 

lonKus and prtnheu. brevi.. The pemneu. lotiguii ame. fnjm the tvhok ej^m 
of the upper third of the surface and from the posterior part of the miUdte third " n 
peroneu. bievi. arise, in front of the lower half of the peroneui longu. «nd eictoi j! 
downwards bc>T»nd it almost to the knver cisd of bone On ac-L^mrnr 

of tohy Mto fty o. .K p.l!::™ 

to the bone below and neparate. >i from tJie tendnn of the ih-roneus loiioiit ^'n 
^aiffTtarnir/ucr, which ns dit ided Jongimdinaily into two parts bv the me.Jt.1 ,*’i_ I ■ 
often tenneil the/fexor ^re 'llie pc.rthn, which li« between 
uiieni^ous border .. sliKhtly hollowed tnit and give, origin t„ th,. 

It w often ero..ed by an obhque tidge which giv« attachment to an intr^u.^Z; 
icsidDQ* ITua pare of the tfurf&cc is usually conhrwd to the tiniwr thr^ 

*.r,. .n4 « i» toy, ,»1 .h, nria b™™,. 

l»tder. ( he ^rtvti of the poarenor sutftee which he. brmeen the medial cre^an 1 
tlw ptMterior border give. o«gm m m upper fotinh to the finku., which extV^?fc 
upwatd. on to the posienor ajpiect of the heail ; near the uppiT end of the tt.ed^,i « . 
of this origin a roughened tobcrcle ttiatk. the hteral end of the len.l^.,!. !^ 
which ia thiDVm ncrout the posterior tibi.l vcacl* and nerve hv the -nlj 
Below the origin of the aolcua the remainder of this surfAce gne* oriinn 
hallorfs foniiu., whose origin extend, downwatds almost to the loner md of rk 
A little above the middle of the bone, this sutfaco is pietced by tlic nSem trin^en: 
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which directed downwards* arid transmits a branch from the peronea] pircryK 'Vhc 
manitubr area oi the shaft above the kieraJ malleoJud k i^vetcd atAy by the siiiperifcial 
fascia md the akirL Above the lateral malleolus a triangular area on the mediul surface 


FlCi 456,—tttr^ui anii tiiclatarEUi of cbc left feat* Oersal aspccl* 
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* At thh p^int attentiDn may be dtmm to the fact that in the humcrui {p. 3^), the ndiu* 
<Pi .t 7 .t)r end the ulna (p. 379) the nyTrimt forantina are directed tmocrdt tht wheceoA 

in the femur {p. 415^ inc tibca (p. 414), and the fibviU ihey are directed aitay Jwim ihr fence* 
direciicHia nf tbnc faraminap and therefore of rhc vctMla uran^niirtedt are lo be assodatcd 
v^ith the faeti that, in the upper Hmb^ ^wth per«l»ti loii||ccr at the ihoulder and wrui thin it 
don in the region of the etbbw, ^-hcreas in the lower Irmh lx persists lon^r in the rei^inn of the 
knee than it doei el the hip and tt the ankle. In gencrah the directioTk of the nutrieni fornmeo 
jn all lonH bone* k delemuncd by the relaiive xiirtes of fusien of ihe cpiphym with the shafts 
and It is alwayi directed away fiism the epiphysis at which ^wth h more pmlonRed. 
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of the shall gives RttachiTLcnt Ta the mlcroa^i^ ItgMncnt of the tibiohbular sytlJirs- 
movid 454) smtl ttfi anteriDr tnd fNaftterbr margins to the eorrcsTHu^iling ligaments 
of the joint. 

The entenor surface of the laiffiti ntaUtolui gives anachment to the antenor tolo- 
hbular ligiuifient. The lower bonder is maHi^ed in front by a slight notch and behind by 


p[|?» 4^,—llie tamvi and melalsnya of the tcfl foot. Plaiiiar aaprcr. 
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a amail projection which con^tJmtes the apex of the mdieolus. [t is to the notch that 
the cakancofibular ligament is attachedp The groove on the posterior aspect lodecs 
the tendons of the peroneu* brevis and peroneus tongus j the latter is the more 
ficifl! and ia closely covered hy the superior peroneal retinaculum. The 
fossa (fig, 454) t» pitted by n^erous smell vascular fonmtna ; Its upper part gives 
aimchment to the poaterror iibiofibular ligamentp its lower part to the posterior ^Ir^ 
fibular ligament. ^ 











PLATE XVn 



riO« 1. — RsiJiatrnL^h of thr inkir of i child to Sot^ th^t the bferkkr 

cpiphysfal linr of rbc fibulA li oppodie (be CAkle-joint. 



Fig. 2. — RadiaHTBph of an Adult foot, tskcii the Itcel miud front the eround. 

[ = lubero^ty of ni^iculAr bone, obscured by ihc thaiicm of the beixl oC the 

IaIua. £ z= curten-liAviciilar Joiuti j =joint between meEACirAftl IJL und the Ictcirdl 
euncifdim bone. + =iOTnt between metfltcmil U Jind the intcrmeiiinte euiiedfortn bait«, 
5 =:=jcKLnt between nkcutJtml 1 flod the medicl cimeifoim bortc. 
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OssificatioEL—The fibub h ossified from three centres (fig. 455) : one for the 
shaft, and one for each end^ Ossification begins in the shaft about the eighth Vh celt 
of intrauterine life^ in the louver end early in me second ycar,i and in the upper about 
the end of the fifth year- The lower epiphysis—the first to ossify—unites the 


Fio. 45K,—to fsif. 457* 
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shaft about the eighteenth or mneieenth year, whereas the upper cpiphyaia* which 
does not begin to tmify until later, does not unite with tfic simft until about the 
twenty-fifth year. In this respect the fibula is pecuJbr in its ossification, 

THE fSKELirrON OF THE FOOT 

*rhe skeleton of the foot has three segments: the taTsd bofies, the metatarsal 
bones, and the phalanges or bones of the digits. In the dcscriptian iivhich follows 
use will be tiuide of the terms pfmtfir ond Jonalf which arr seJr-i:!cplanaior)'p and 
this will obviate, almost entirely, the employment of the terms anterior and posterior. 
Further, the terms proximal and distal will be employed, wherever reasonable, with 
the same significance with xvhich they wctc used in the hand. Reference to the 
rotation which occurs in the early stages of ihe development of the limbs (p. j^j) 
will explain how it ccubcs about that, whereas the thumb is the most bteral of the 
digits in the hand, the great toe is the most medial of the digits in the foot* 

THE TARSUS (fis*. 45 M 5 *> 

The tarsus comprises seven short bones vn^hieh make up the skeleton of the 
posterior half of the foot. Et is homologous %vith the carpus but its constituent 
elements arc larger and strongeFi on accouiti of die part they play in supporting and 
distributing the weight of the body b the erect attitude. Like the bones of the 
carpus the tarsal bones are arrange in a proximal and a distal row, but an additional 
clement is interposed be ween the two rows on the medial side. The proximal mw 
comprises the talus and the calcancuSi These two bones do not He side by side; 
the talus is placed above the calcaneus, but its long axis is directed forwards, medi¬ 
ally and downwards, so that its anterior end or head comes to lie on Ihe medial aide 
of the calcaneus, though at a higher level. The distal now comprises four bones, 
named, from the medial to the lateral side, the medial cuneiform, the intermediate 
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cimeZform, the lateral cuneLform and the cuboid* These bones Lie side by side 
and together contribute to the formation of a transverse arehp which is convex 
dorsallvv On the medial side the Mvicular bone is interposed bcttvecn the talus 
and the n^cdial three bones of the distal row* On the lateral side the ci^caneus 
articulates directly with the cuboid bone* 

The foot h set at right angl^ to the 1 ^. and the tarsus and menrtarsus are 
amaoged in such a i>^y as to form intersecting longitudinal and transverse arches 
479)^ a result the weight is not tiajismittcd to the gn>und from the dbia 
dircedy through the tarsus, but is distributed through the tarsoJ and meiatjusal leones 
to the extremities of the arches {see p. 543). Each of tiie mrsal bones is roughly 
cuboidal in form and presents six sudac^ for examination. 

The Talu& 459-462) 

General features.—The talus Ls the principal connecting ILnlt between the foot 
and the hones of the leg, and takes an important part in the formatton of the anklc- 
joinL The toutidcd head, w hich is placed at the iiijtal end of the bone, the 

Fig, The luft talun. Superior aspect^ 
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triDchlt^r surface for the tibia on the donal surface and the large trianaulaj facet 
for the lateral tnalteolus on the laleral surface can be recognised without dtfficultv 
and enable a talus to be rererred to its appropriate side of the body. 

The talus possesses a head, a neck and a body. 

The head of the Ulus is directed dJstdIy and'slightly downwards and mediallv 
Its dittai tttrface, which is oval and conves, with iu lung axis directed do^wTinii 
and medially, articulates with the pfoximal aurfaec of the navicukr bone The 
pfantar nirjace is marked by three anicular areas, which arc separated by indistinct 
ridges. Of these areas the most posterior is the largest; oval in outline, it is ecnllv 
convetc and rests an the upper surface of a shelf-like projection from the mcdi^sJdc 
of the calcaneus, named the rju/fn/acN/jtrM talare. Anterior and laicra] to this area 
and usually continuous with it, a Hattencd articular facet rests in the antcromediJ 
part of the upper surface of the calcaneus; it is continuous in fitint with the 
navicular surface. Medial to the two calcanean facets a part of the head of the talus 
is exposed on the plantar aspect of the articulated foot (fig. 460}. This area is 
covered with articular cartilage and is continuous on the one hand with the calcanean 
ansis and on the olhcr with the navicular area. In the recent state it lies in otmuct 
with an impoirani ligament named the pietnlar eitlcaneonadcuiar (or ' tiring 
ligamrftl (p. 539). When the foot is inverted passiviely, the dorsal and lateral pan of 
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the htatl can bt hpih seen and felt 1 it lies 3 cm. in front of the lower end of the tibia 
fljid becomes objured by the extensor ccnddzis when the loea are dorsiflexvd^ 

The neck of the talus is the sJightly t^nstricted part which connects the head to 
the body, ft is set very obliquely on tlie body and extends farther proxiinally on 
the medial side than on the lateral side. Its roughened surfaces give attachment to 
ligamentSp and the medial pan of iU plantar surface exhibits a deep grttove, termed 


Fic. +60 .—The kft IhIuin Plfimtar sspcct. 
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the sulcus WTien the talus and calcaneus are articulated ti^ethcr this poove 
forms the roof of a bony caimlj termed the sinus tarsi^ which is occupied by the 
interosseous tslocukanean ligament. 

The body of the talus is cuboidal xn shape. Its dorsal surface is covered by a 
tri^tlc/tr anicular surface^ which articulates w-ith the lower end of the tibia in the 


FlCp 461^—I'hc left tdlilA. Mnlial oapeei. 
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ankle-joint. Ic is cons'cx from before backwards and gently concave from side to 
ftidcj and it is important to observe that it is widest anteriorly. The laicral surface, 
triangular in outlirEep Is smooth for articulation wdth the lateral malleolus^ and is 
concave from above downw-irds. Superiorly it is continuous with the trochlea j 
inferiorly its apex forms the latrrsJ (process of the talus^ The mediai surface b 
covered in its upper part by a comma-shaped articular facet which is deeper in front 
than behind and articulates with the medial malleolus. Below the facet the surface 
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is rough and is piltcd by nujn<;TOujd vascular roramina. Tht pfisteriar turfacf is 
ruughp is STEWiJl in extent and pmjecTS to form the posfariijr procesi of the banc. It is 
marked by an oblique grfxjvc placed beiTiveifn the two tubercles. The ifiter&t 
which k usually the brger, m on the laicniJ side of thc^groovc j the wie^/iW 
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tubmlr is less pfotninent arul lies immediately behind the suatentiiculum tuiane of 
the calcaneus (fig. 457). llic plantar surface teats on the dorsal surface of the 
calcaneus and is covered w ith an oval concave facet, the long axis of which runs 
dislally snd latcrully. 

Pariiciilar featurcSi — Thr Miw « det^md of uny mmf^diir but it pro¬ 

vides RitdchTncnt for numcroui lijpimcnta (figs. 54R and 549), as it takes part in the 
formation of tJte ankle, the subtalar (talocafciincan) and the tahicakancanavicubr joints. 

The long axis of the neck ts inclined downwards and distally and medially^ making 
an angle of about 150''' with the long Eixis of the body, 'lliis angle is smalLrr 

(130^-140'^ in the rjewly-bom (fig. 463) ^ and helps 
10 uccouni for the inverted position of the foot in 
young children. The darssl surface of the neck 
gives attachment distal ly to the dursal falo^- 
navicubr ligamen t and the artieular capsule of the 
Bnkle*joint | the proximal pan of this autfoce 
tJierefore lies withifi the capaular ligament of the 
joint. ITtc ktenil part of the neck gives attach^ 
ment to the anterior talolihular ligament, which 
extends downwards along the neighbouring an¬ 
terior border of the lateral surface, 'rhe inferior 
surface of the neck give* attachment to the inter- 
osseous talocaiconean ligomenr^ which is uaually 
subdivisible into three parts (p, 516). 

The m^diat border of file troMfar orriei^irr 
Ofr/are is Straight but ita ktfral iicrdfr incline* 
medially at its posterior part, which la often 
broadened and flattened to form a amall don' 
gated iriangubr area. It ia thi^ part of the bone 
which corrtes into contact with the posterior (in¬ 
ferior transverse} tibiofibular ligament in dorsi- 
dexion of the ankle joints 

Tlic poitrrior procfst receive* the attachment 
of the posterior talofibular tignment, which 
tends upwards to the groove, or depression, berwecti the process and the posterior 
border of the tmcblca. Its plantar border gives artaclitnenT to the posteiiar talocal- 
cancan liitamerLt. The ifraotv between the two mbercle* of the prmess lodges the 
tendon of the flexur hailucis lunj^s and ia continuous betnw and in front with the 
gtotw on the plantar surface of the atistontoculum tolarc. The mediid /ii^rde gives 
attachment by its medial aspect to the medial talocalcancan ligemeof l^low, md to the 
most ptMterior of the superiticijil fibres of the deltoid ligament above, 

Th^ roughened oma below the comma-sitaped articular facet on the medial sutfoce 
provides atmchtricnt for the deep fibres of the deltoid llgajneni+ 

The Jong axis of the postedor calcanean facet on the plantar surface of the body 
runs forward^ and latcmlly at an angle of about 45® with the median plane. 


Fio. 465.—'rbe left of a new'tjr 

horn chilli. Viewed fnjni above. 
Compare with 4511^ aiuI note 
the oriKle whkh the long o^is af the 
neck n^n with the Icmim oii^ ^f 
(he body of the booe. 
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The Calcakeus {figa. 464 -« 467 ) 

Gea«rat features.—The caJcmneus is the Urgcsi artd sttongcst of the tarsal 
bones ; it projects backwards beyond die bones of the leg so as to provide a useful 
lever for the musdes of the calf, which «re inserted Into its posterior surface. It is 
irregularly cuboidal in shape^ and its long axis is directed forwards^ upwards and 
somewliat laterallyi student will experience no difficulty in distingulslilng the 
small articular anterior end from ihe Lirgcr* roughened^ posterior end, nor in clis- 
tin^Uhing the rough plantar surface from the dorsal surface, w^hicli h^ars a large, 
articular facet about its middle. Finally the lateral surface is fiattenciL, whereas the 
medial surface is hollowed out from above downwards and backwards, 'rhe student 
should now be able to assign a calcaneus correctly lo its appropriate side of the body. 


Fie, 4fP4.—live left otkaneuji. 
I^orsul oftpeet. 


Fig. 465 .—llic [eft CBlciincu^n 
Planter aipcct. 




mrtiffuiar ivTfw M 

*iiT>rtv Jtn talTif 


JWtwTjj 


#'of rvhtfiU AkmU 


iHUrriw 


fitlatp 

.-rriiNf 1 

Maf- J 

I wf tr 


THi6#rni|ni-KHr 


lurfolv 




The dorsal or sur/aa is Subdivisible into three area^. 'Flic pckstcrior iliird is 
roughened, convex from iidc to side and concave from bcliind forw'ards ; it supports 
a mass of fibro-fatty tissue interposed between the tendo calcaneus and the back of 
the ankle-joifiL The middle third is covered by the porfmbr /ac^t for the tahu^ 
w^hich ia oval in oudine and convex anteroposteKorly. The anterior third is partly 
ardcular and partly non-articular. In front of the posterior articular facet there is a 
rough depression, which becomes narrower ftnd takes the form of a groove on the 
medial side. This is termed the ra/rur cultmm OTgrm^e 0/ the eakmeus i it corre¬ 
sponds to the suJai» tali and helps it to complete the sinus tarsi in the articulated foot. 
In front of and medial to this groove an elongated articuhir area covera the dorsal 
surface of a projecting shelf termed the sustentaeohim rahre, and extends forwarda 
and medially on to tJic body of the bone. This area is not infrequently subdh-ided 
into two ports by a narrow non-articukr Interv'ol which marks the anterior limit of 
the sustentaculum taUtre. They constitu te the midMe and antcriarf^ett f&r the talui, 
ITtc anlerior mrfaee Is the smallest of the six surfaces, and h entirely covered by 
an obliquely-set concavoconvex facet which articulates with the cuboid iKinCp 
The prtjfmor surface is divided Into three areas^ The uppemtosl is smooth and 
is separated from tlie tendo calcaneus hy a bur^ and some fatty tissue. The middle 
area is the largest; it ia roughened to give inaertton to the tenilo calcaneus. The 
low'cat area slopes downw'ards and forwards and is subcutaneous. 
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The pfaiftsr fUr/acf is roughs cspecisil!y its posterior end, tvhcpc it is truirked 
by ibc rakan^ul luhfrosity. 'I'hc lairr^i and medml proirsirt of t he tuberosity extend 
distsUy for z short distancej srpaniicd by an indjjtinct noteh. The medial pnieess 
h the broader of the two (fig. 4*5). ^Jo'ne distaUy a tubctele marks the distal limit 
of the amchmtnl of the long pbniar ligamenL 

The tatfTul ia almost fiat and is much deeper behind than in front; \l 

can be palpated on the btenal aspect of the heel and can be traced fonvards below 
the lateral malleotus. In m anterior part it presents a small elevation^ icTmcd the 
perorjeiil trochlea {lubereie) (fig. 464)^ which is exceedingly variable in its sizCp and 
when well dc%'elopcd, tan be felt in the living subject 2 cm. below the tip of the lateral 
malleolus. Ii exhibits an oblique groove on its postcro-inferior part, for the 
peroncus 1ongu& tendon^ and a shallower grao^ne on its antcfosuperior aspect^ for the 
pemneus brevis tendon. .-MKinl i cm. or more behind the pcrontal tnxhlea a second 
elevation may mark the bone ■ it gives attachment to the calcantofibidar part of the 
lateral bgament of the ankle-joint. 

The media! surface is concave from above p downwards and backwards, and ita 
concavity is accentuated by ashelf-litc process, termed the lustintitadum ^iji'ari't'vhich 
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projects medially from the anterior part of its upper border (fig. 467), 'Fhe superior 
surface of this process bears the middle facet for the talus, and its inferior surface is 
marked by a groove which is continuous with the groove on the posterior surface of 
the talus and lodges the flexor hallucis tongus tendon {fig. 465), The medial surface 
of the sustentaculum taTare, can be felt uidiattnetly through the skin immcdiatjelv 
bt-Iow the tip of the medial malleolus; occasionally it presoits a groove for the 
flexor digitorum longus tendon. 

Particular features,—The groerve 0/ f^e cakatms gives atiacbment to ihe inter¬ 
osseous talDcalcancao ligmicnt (p, S36)* In addidcm, the non-articular arrE in front 
of the posterior facet for the taliis gives partial origin to the extensor digitorum brevis 
and attochinroi to the principal band of the inferior extensor retinaeulum and to the 
stem of the bifurcated Isjpunent. , , .... 

ilie process of fbe fTiAf7Ewfry gives ongm hy* its prominent medki margin to 

the abductor bsllucis ffig- 45S) and atmchmejit to the superficial part of ihe flexor 
relinflculnmi and in fnmt to the plantar aponeurosis and the flexor digitoirum brevis. 
The latera! protest giv® origin to the abdurior dss^ii minimi, ivhich extends medially 
cci arise from rite fiunt of the tnedial process nJsfs. The rouahened strip bcm^ecn the 
two piwe6S«^ prrKtimnlly, and the tubercle, distally, gives mtachnienr to the long plan- 
Ur ligament, while the short plantar ligament springs from the tubercle and the 
narrow tough area distal to it (fig. 7^*= loteml tendinoma head of the flexor 

digitorum iiccc*s<>rius arises from the bone m front of the latemi proccH cltrae to ihc 
lateral margin of the long ploniar ligament- 

The potirrtor surface is wider below ibHn above. Close to the medial tide of the 
inaertion of the icndo calcimeus il rcceivcai the insertion of the plantam muscle. 


THE NAVICUl^R BOXE 

The anlcTiQT part of tJjc hteral zurfact it crtuded by the peronraE ri^ndons^, but 
in most of its extent is covered only by the tUn and superficial foMtm* The peranciu 
brevis tendon, after passing behind the lateral malleolus, runs forw-ards and slifthily 
downwards above and in front of the peroneal trochlea ; tlie ptironeiis loni^ tendon 
passes downwards and fpr^virds below and behind the tr{>qhka, which ifivc# attach- 
rnent to a slip from the rnfenor peroneal retinActiluin (p- &35)p The caJcanecifibijlar 
ligament is attached to the bone about i cm. behind tlie peroneal tmehieap and the 
site ia usually indicated by a low rotmded elevation. 

The riiiteutaailum (aitzre assists, by it* dorsal surface^ ui the formanon of the taJo- 
calcaneonavicular joint; its plantar eurface is grooved by the flcaor hiillucis Eongus 
lendon^ and the margins of the groove give Artachment to the deep pan of the dexor 
retinaculum. The medial margin of the process is a narrow roughened atrip, convex 
from before backwards. Anteriorly it give* attudiment fo die plantar calcaneo¬ 
navicular (or ' springligament lip. 5 sn); behind thatir gives attochmcjirto a slip fmm 
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the tibialis posterior tendon and to some of the supeTheml Hbrca of the deltoid liga¬ 
ment : iw posterior part receivea. the medial talocoJcanean ligament, [felow the 
attachment of the deltoid ligament the tendon of the liexof digitorum longus is twisted 
to this aspect of the process imd flometimrs its position is oidicatcd by a groove^ 
Below the groove for the flexor haUuda longue the medial surface gives origin to the 
large, llcshy, medial head of the flexor sccessorius. 


The jSfAvtcuuR Bone {fig. 46S) 

The nAVECulajr bone is interpo^d bctivccn the head of the talua pruxintally and 
the cirntriform bones distally. 

The dtsfai 13 convex fmtn side to side and is subdivided into three faeeta 

(of which the most mediaJ is the largest) for articulation widt the three eucicifarm 
boneSi iTio pTt^ximiil nirfaee, oval and concave, articulates with the head of the talus, 
Tlie Jf/rsaf surfa^ is roughened and is convex from side to side. The medial 
turjaci also is rough and is continued dowti'^vards to form a prominent projecdon 
termed the tubminty. It can be felt through the sJdn about 2-5 cm. below and in 
front of the medial malleolus. The pimtittr J^r/ore, also mughened, is concave^ and 
h separated from the tuberosity on the medial side by a groove. The hi era f surf act 
IS rough and irregular* but frequently presents a facet for articubtion with the 
cuboid bone. 

Particular features.—The facet for the medial cuneiform is triangular in outUne, 
with its rounded apex on the mcdtAl aide. The fact^ia for the intermediare and lateral 
cuneiform bcutea are also triangular, but their apices point iciwardv the sate. 'Vht 
dorsal surface gives attachnient to the dorsal talanovreularK cuneonavicular* and 
cubonavicular ligaments. ITie tubtrofity of the nsvieubr bmie provides the principal 
insertion Ibr the tibialis posterior tendon» and the Knwve which lies on its latetal side 
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trorimiiu the pan of this tendon Vfhich runs fon^minda to rc^th the^ cubiform bor^ 
ima the haws of the middle three metalnnia! bonw, A slight projection i^rks the 
plantar suttee of the ixine on the laleml aide of the groove. 1 ogether ^iin the pmxi- 
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mai part of this surface it gives attwzhnient to the plmitat talfluiKaiaviojlHr (or 
* spring liganrent. Th^ mughereJ part of the latemi surface gives attachment m the 
caJcancimavieiitar part of the bifurtated ligamcnr. 


Tim Cirh'EiFQHM IJON'CS (figs. 469-471) 

The cuneiform boacs^ three in numher^ are wedge-shaped and articulate \«th 
the navicukr bone pjoxintfllly and the bases of the first, second and third metatarsal 
bones distally* The medial cuneiform bone is the largest of the three, and the 
intermedirtte the smallest. In the intermediate and in the iaterai cuneiform bone 
tiie dorsal sxtrfacc is the base of the wedge and the plantar surface represents the 
edgCp but in the medial cuneiform bone the wedge is reversed so that its edge is 
represented by the narrow^ dorsal surface of the bone. This orranginnent is m 
important factor i n the const itutson of the transvtr&e atch of the foot, 1‘he proximal 
surfacca of the three cimcifonn bones form a slight concavity for the navicular hone+ 
but the distal parts of the medial and lateral cuneiforms project dietally beyond 
the intermediate cundfemm bone, and btiund a deqi recisas in which the base of the 
second n^etaiaraal bone is lodged (fig. 45S). 

Particular features.—Tlie medial cuneiform l>cine (fig. is the nimt medial 
bone of the distal row of the tacsui*; it articulates w^itb the navicular bone proidrnaUy 
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jmJ with the base of the first melatarsal bone distnlly. The dorruf mrjetcc is rough and 
nattowp and teprcscnis the edge of the wedge. The plafii^r surfatr represents the base 
of the wedge ^ it teceivea a substanlml slip from the tendon of the tibiaLis posterior 
muscle. The dutal sur/atf bears a krge kidney^shaped facet for articulation with 
the base of the fipJt metatarsal boriep and the little notch which represents the htlufi 
Iic3t on itm klcnil margin. The pro^rmsd lur/ace beius a pin form facet, w^hich articuktes 
with the navicular bone. Concave in its vertical axis, it is narrower at its dojsal than 
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at it£ planisr end. The medial is roug'h and subcutflneou^. Ie is. 

convex Jji jls vrrtidal *xis and its distfJ-pknmr « inarlccd by a hr^, Rurtirncd 
imprEuion. ^hich recekis the insemon of most of iho fibres of (be tiblalh Eiiierior 
tendon (iig. 46f>A). "Vhv lateral stirfaee ta panly articubr and pwly non-articular. 
Along Its proximal and dorsal margins it is covered with an r-shAped smooih strip 
which aniculatcfi with the inteimedbte tundform bone. Ibe domil and diatnl part 
of this atrip is separated tjy a V4?rlical ridge from a smath almost square, facet whit-h 
artiojialca with the dorsal part of the medial surface of ihe base of the second metn- 
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tar^ t>one. liclnw this fflccl thff bone is attached to the inedial side of the base of the 
second metatarsal bone by a strunK interosseous lif^mentr and proximaJly the interos^ 
seoua intetouneiform fipment connects it to the medial ride of the infermediate 
cuneiform bone. The disial and plantar part of the latcnil surface ia Toughencti where 
it Tcod^'cs the insertion of part of the pettineiis longus tendon (fig. 469 b). 

The ifltermedute cundforro bone (fig. 470^ articulates Hdistolly with the base of 
the second mctatai^l and pmximally v, ith the naricuior bemc. It is of very regular 
w cdgedLke formt the base of ibe w-edge forming the mngheneih darmi and the 

edge the narrow, plantar tu^aee, whicJi receives a slip from the tibiaUs posterior ten- 
doft. The dhtal and proxifriai rurfaeei are oovered each with a triong^ar articular 
fflcch for tbc bpc of the sc^nd me^rataj^l and the navicubi- bone respectively. The 
medial rrn^aee is partly articular and partly non-artictilar. Along tts proximal and 
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dorsal margins it bears a F -shaped strip, occBrionally subdivided inlo two parts, for 
articulation with the medial cuncifoim. The lateral rnTfaet also is partly articular and 
partly non-articular. Along its proximal maigin it beats a vertical strips u.sua.||y 
fndented at its middle^ for artkylttion with the lateral cuneiform banc. Strong 
interosseous ligaments connect the niin-aiticular parts of the lateral and medml isur- 
faccs to Hie lateral and medial conaiform bones, nrspcctivcly. 

The Datcral cunerform bone (fig. 471) is placed between the intermedidte -eunci- 
form and the cuboid hones. Distally it articulated with the base of the third meta¬ 
tarsal and pmadmally with the navicular bone. Like the intermediate cuneifoTm, its 
donat turfuee, rough and almost rectangularp represents the bast of the wedge* and its 
plantar surfaee^ narrow and roughs ihe edge. The kltcr receives a slip fmm the libtalis 
p^tcrior tendon and may give partial origin to the flexor hallucis brevis. The 
diiial m/aee is compl<ftcly covered with a iriongular articuiar facet for tht? base of 
the third metatarsal btme. The prf^'mai taffaet is rough in its; plantar part but is 
smooth and articular in its dorsal two-thirdfl, which nrtfculatc wi^ the rtavicukr by 
means of a tmnji^lar facet, Th* fordial tur/ace is partly articular and partly non- 
articular. Along its proxirnitl maigin it beam a vertical strip, indented at its Tniddlv* 
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for thti InicrmtidiBEc cunciforrn boncp qnd along m di:9.ral mujgLn a rtnrrower sirip^ 
often divided into nvo jmdl sen-n for AitieuliitiDn wilE tbe lateral aapeet of 

base of the second rnctatarsal bone. Tkc iaterni nn/cHrrf also is portly articular and 
partly non-articular. A lunge irianE^uLir or oval facet ia afmated pruxintulLy for 
articulation U'ith the cuboid bone; o small facefp semi-oval in shape, in placed at the 
dorsal pare of its distal margin far articulBtiuTi ivith the dorsaJ part of the meciial side 
of the baae of the fourth metatarsal bone. The fxon-articulor portions of the medial 
and lateral surfaces give aiiaehment to strong iniertuneifortn and citncocuboid liga- 
menrtp uhich play an important part in maintaining the transverse arch of the foot. 


THE CUllOlO liONE 472) 

Generat features.—The cuboiJ booe is the most kicral bone of the distal 
row of the larsusi, and is situated be iween the calcaneus pro;icinially and the fourth 
and fifth metatarsal bones distal ly. 

The {iorsai directed laterally as well os dorsally^ ia rough for lignmentoiis 
attachments. The distal part of the planfur sur/act is crossed by an oblique groove 
far ike perttneus httgus tendvit, which is bivunded proximolh' by 'a prominent ridge. 
This ridge ends laterally in an enlargement termed the ta^rosiiy i>f tite cuhfiU bone. 
The lateral aspect of the tuberosity is faceted for the sesamoid botic or cartilage 
which is frequently found in the peroneus langus tendon. Projtimal to the ridge the 
plantar surface is rough and, owing to the obliquity of the calcaneocuboid joints 
extends proximolly and mcdbiiiy so that the medial bonder of this surface is mucli 
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longer titan the lateral border. The tateroi surface la rough and exhibits a deep notch 
which marks the commencement of the groove for the peroneua loncua tendon. 
The medtal surface w much more extensive and is partly articular and partly non- 
articuhtr. It is marked near ita middle by a smooth oval facet for articulation with 
the lateral cuneiform bone ; proximal to this a small Facet for the navicular bone is 
somedmea presenL 'Ihe rtvo form a cemtinmous articular surface but are scparaled 
by a vertical rid^. 'rhe distal tu^ace is divided by a vertical ridge into two articular 
areas [ the medial facet is quadrilateral in foitn and urticulaica with the base of the 
fourth mctauiTsal bone ; the lateral facet, triangular in outline with the apex on the 
Lateral sidcp articulates with ihe base of the fifth metatarsal bone. The proximal 
fur/ace —smo<^th, inongtilar and concavoconvex—articulates with the distal surface 
of the calcaneus ; its medial plantar angle projects proximally as a process which 
helps to support the distal end of the calcaneus. 

PaHieular features.—ITic tltW surface gives attachment to the dorsal calcaneo¬ 
cuboid, cuboDavieuloT, euneocuboid and cubotiictatamal ligaments. The ridae on the 
plantar surface gives iirtachmcnT to the deep fibres of the lon^ plantar ligament which 
conceals the attochmimt nf the short pkniar bgomrnt to the proxirnnl border'of tlik 
surface. The projceditg pTTiximumi^iifll port of the plantar surface receives a ^\in fmm 
the tendon of tlie tibialk po^erior and ipvcs origin to the flexor hallucis brevis musele 
Tlic rough part of the mediEil surface of the cubedd affords itt^mcnt for the inter* 
o^ous cunoQCubold and cubunavicuLar llEuments, and in ite pmxima] part to the 
medial calcaneocuboid, which in ihc latcnJ limb *f the bifiircated Itpsamcnt. 

Tke Homologies of the Corpus and thi Tarnn —In the moat primitive rcptiliss the 
carpu!! and Iannis reacmbic one mother very- closely and, on ihe assumption that the 
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ra{£iu$^ whidh the pre-ajcial bone of the forearm, Is hotn^n^ous with the tibisp wliieh 
the pre-iiKLiiJ bone of ihe leg —Rvinvr which is generally but not univerfially aceepted 
—little difficulty ia ^xpcriefieccl in determlnifig the homologies of thetr tXifiBcItueni 
elements. In num the carpua reinaina relarively pnmitlvc and the identihcation cf its 
clefnents in the reptilian eaTpoa is a ccmparatlvcly sirtiple problem. Owing to the 
adoption of the crvcl attitude the human tarsus has been mcHlthcd ver>' considcrablyp 
and it is only by refej-ence to the primitive repiLlmn condidon that any cine can be 
obtained to the homulogiea of the carpal and tarsal bones. 

The following tabukr statement presents the view which has obtained most 
support.^ 


RtptifitiH Citrpuii. 
Os radiate 

Os inteimedLalc 
Os ulnore 
Ossa centralla 
(i and a) 

Os carpale i 

.. ih X 

FP i> 3 

pp 4 and 5 


ififjviaa Carpuj. 
Scaphuid bf>ne 
(less its tubercle) 
Lunate bone 
Triquetral bone 
n’ubiercic nf the 
scapbatd bon^ 

Trapeiiutn bone 

”1*Titpc:zopd bone 

Capitate bone 

Hamate bone 


Muptiliai^ Tarsus. 
Os tibmle 

0» intcnnedialc 
Os hbulare 
Os9a centralis 
(1 and 
Os tamale 1 

PI IP 3 

Pt i. 3 

*, p* 4 and $ 


Humiin Tarsus^ 
Talus 

{Os trigonum) 
Caleaneiis 
Navicular bone 

\tcdial cuncifcfTn 
bone 

Intermediate 
cuneiform bone 
Lateral cuntsfomi 
bone 

Cuboid bone 


THE METATARSUS 

Tlie mcrtatarsal bvitcs, five in number, arc situated in the distal part of the fool, 
distal to the tarsus and proximal to the phalanges. They am numbered from the 
medial to the lateral aide. 


TjIH Com;MO?!i ChAMCTEHS of the METATARSAt Bq.VES 

Like die metacar pals, the metatarsals are miniature long bones^ and each po&- 
^e^es a shaft, a base or proximal end, and a head or distd end* 

With the exception of the first and* to a leaser degree, the fifth, the sbaiis are 
long and slender, and arc slighdy convex longitudinally on their donal aspects and 
concave on their plantar aspects. I'hey are pristnoid in form and taper from the 
base to the head. 

The ba^s articulate with the distal row of the UHSU^ and wdth one another* The 
line of each taisometalar^ joint, excluding the first, pas^ proximal ly and laterally* 
and the bo^ of the tnetatarsals arc therefore set somewEat obliquely^ relative to their 
shafts—a fact which assists in the rccognidoci of the side of ihc body to which the 
bones belong. 

The hends articulate with ihc ptDidnial phalanges of their own digits, each by 
means of a convex articular surface which extends farther on the plantar tlian on the 
dorsal surface; the plantar extccisioo ends on each side on the summit of a slight 
eminence. The sides of the heads are flattenedp and each show^ a depression sur- 
mounted dorsally by a tubercle^ which gives attachment to one of the collateral liga¬ 
ments of the metatarsophalangeal joint. 

Thk Chamctehs of the I^m^vlDLFAU Metataksal Boke$ 

The first mcLatarssl bone (fig. 473) h the shortest and thickest of the metstHrsal 
bones. The body Is strong, and of wxll-niarkcd prismoid form. The base has no 
Birtieular facets on its sides, hut there is occaaionflUy h tuberosity, (realty a pressure 

* According td R. Broom {Thf Oftgin s/ fj^ Htanm 19^0) the o*ti eetilmEU, 

the OR eajp^l^ S the m- utBate 5 arc rKit represented in man. 1 lii view of the homnlogiet 
dillcrii frprn that fiiven above In the fdltowmg paniculiia : 

Scaphoid botic (incltidilie its tubercle} os radiah% 

Nsvicabtr bonc Hon cibiale. 

Telus <irieludtfiK os trieQisum) tr 09 intermediale. 

HsmAte bone ^Ds corpide 4. 

Ouboid bone =^oA tar^v 4- 
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Qn the iBtcnU tide caused by contact with the second memtsrsal bone. Its 
[iTDximiil suHiseCf of krge tier and kidney-shaped» Hiticulntn with the nurd»1 cunct- 



Fic. 47j. —^Thr left fim tnetjicsrsfd bene. Medial and lateral upecti, 
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fonn bone % tlie Interal border ol the facet shows a slight indentatiDii, whkh represents 
the hilus of the kidney* 1 ts circumference ia grooved for the tarsofnetstarsal liRamenta, 


Fio. 474.—^‘rhe Ecft second miflaCiiisal bone. Medial stid latetml seprets. 



and medially Rives msettion to a part nf the tendon of the tibialk anterior ; its planter 
angle presents t toughs ovil prrtnineiicf? on its lateral rapect for the insertion of the 
tendon of the peroncus longiia. The lateral surface of the ohaft is flat and gives origin 
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to ibc itKdial hc4id of the first f^onAal intcrofiseous mtEBclcn The hrad ia Mrge ; on ita 
plontar surface there is j. mciiiaji ek'vmti&n separmting two gcom^ed faeeta cm which 
*c*»rnoid bones ^fde. 

The seocmd metatitrsal bone (fig. 474) i$ the longest of tlic cnctmtamal bones. Its 



Ftc, 475.^—The kft ftiinl metatawt bone. 
MecUal and Intend jwpectn. 




Kio. 47ii^—l^c Ith fourth meuitiMl bone. 
Medial ami lateni sapeetx. 
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wedge-shaped bears four arficalar facets : ^onc on Its proximal aurfiioep of a tri- 
jingtjjar fontip for aitlcuhition with (be intermediate imnetform bone ; one at the dorsal 
part of its m^io] aurfoce, for articulation with the medial cuiietfortn bone ; and two 

FlO+ 477 ,—^Tt.e left fifth metfliaraaJi bonc^ Medial end lateral upecta. 



fcPM 

on its Literal surface, a dorsal and a pltmtmrp s^mted by a rough non-articuliir Interval. 
Kach of these lateral articular surfaces is divided by a ridge ^ the distoJ two facets 
articulate wilh the third metatanial bone ; the proximal tviTo (sometirnes continuous) 
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^ith iht IqtLTfli cuntJifprm bone. A presjsujre fat^ut h E>ci;^ionally present eaij^cd by 
contact with rht first metittarsaf bone ; it is oval in shape, and is tituateJ on the media I 
iiidc of the bB3c, plantar to the facet for the medidi coneifomi bone. The medial and 
lateral surfaces of the shaft (pvc t}ri\f.m respectively to the lateral Ivcad of the firai 
dnnui.1 intenj^scous muscle and the medial head of the second. 

The third metalarsal bone (fig, 475) has a triangular which articuktM 
proximal ly with the lateral cuneLrotm bone ; mcdiaHy Ir articuUtea by ttvo facets with 
the scLcnd metniarsal bone ; and latemllyp by a single facet situated ut the dorsaJ anptle, 
with the fourth metatarsal hone. The media! BUrface of the shaft gives orij^in to the 
bteral head of tbe second dorsal interosseous muscle and to the Brst plantar; the 
lateral surface gives origin to the medial head of the third dorsal intem&scoLis muscle. 

'fhe fourtb mcbilar»ll bone (fig. 476) h smaller ikon the third. The proximal 
surface of its bears an oblique quadrilaterat facet for arttcuLitioti with the cuboid 
bone ; on its latcrtil side a aingle facets for the fifth metatarsal bone ; on jt$ medial 
side a facet divided by a ridge into a diaml portian for the third metatarsi bone, and a 
proEimal portion for the lateral cuneiform bone. The medial i^urface of the shaft gives 
origin to the lateral head of the third dcu^l interosseous muscle and to the second 
plantar ^ the lateral surface gives origin to the medial head of the fourth dorsal Inter¬ 
osseous muscle. 

Tlie fifth metatarsal bone (fig. 477) is r^ogiiised by a rough eminence, ceimed 
its iuhFTosity^ tm the Lateoii side of its b^e. The bate ntticulaies proximfllly with the 
cuboid bone by 0 trienguler, obliquely out surface; and medialEy, with the fourth 
mttaian^ bone. The tendon of the pcrgneus tertius is inserted on the medial pan of 
ilfl dorsal surfaWp and that of the pcroncui brevis on the dorsal surface caf the tuhemisjty. 
A strong band of tlae plantar apoiieurusis connects the projecting part of the tuberosity 
with the lateral prnccss of the calcaneal tuberosity. The plantar surface nf the base is 
grooved by the tendon of the abductor digiti minimip and gives origin to the fiexor 
digit! minimi brevis. The medial side of the i^haft gl^Ts origin to the late ml head of the 
fourth dorsal interosseous muscle and to the third plantar, 'rhe tubemsity^ can Iw 
both seen and ft It^ half'W'ay along the lateral border of die foot. 


Thh Phalanges of the Foot [Fhaijinces Digitorum Pedis] 

The phalanges of the foot co^espond in number and general arrangement with 
those of the hand ; there arc two in the big toe* and throe In each of the other iocs. 
They are, however, much smalJcf* and their shafts, especially thc^ of the bones of 
dir ftral raw, are compressed from Btde to side. 

The proiim*! pbatougea closely resemble those of the hand. Tlie jJW/f of each 
ia compressed from xide to siih, convex dt^rsally^ concave on ita plartrar aspect, llic 
frojr is concave for artieuliailon with the head of tlie correspond ing metatarsBl bone 
and the possesses a trochlear surface for articulation w ith the middle phaknx- 

Tbc rnid^t phalanges are remarkably small and shorty but rather hmider than 
the proEiRiid phalanges. 

llic disial phatauges resemble those of the fingers ; but they are smaller, and arc 
Ikttened ; each presents a broad base for anicuUtion with the corre$ponding middle 
phalanx, and on expanded distal extremity. Each beatm a roughened mJWenVv on the 
plantar aspect of its distal end, which gives aiiachmcnt to the pulp of die tip nf th^v 
and provides a wider area in take pri:^uTi:- 

Os$indATioy OF BOfm of the Foot (%, 47S) 

The Uirsal bones are i>»sified each from a aingle centre, excepting the ftitcaneu^ 
which has a scsle-Hke cpiphysts for Its po^icrior part. *rhc cenlnis make their 
appearance as follows ; in the calcaneus, at the sixth month of intrauterine life 
Ln the talus, about the seventh nvonth ; in the cuhoid, at the ninth month ; in tlic 
lateral cundform, during the fir^l year; in the medial cundfomi, at the end of tJie 
second year; in the intcimcdiaic cuneiform and navtcular* during the third year 
The epiphysis for the posterior part of the e4Jcancua begins to ossify at or before the 
tenth year, and unites with the rest of the bone soon after puberty. It may be 
formed from two centres of ossification, a dorsal and a plantarp which coy We 
between the fifteenth and skteentb years. Tile posterior process of the talus is 
sometimes ossified from an independent centre, and may then remain separate or it 
may be connected 10 the ret of the bone by carriage/ 'fhig addiiiunJ] ossicb is 
narried the 

T\xt metatarsal boacs are ossified each from two centres : a priman- centn." 
for the shaft, and a secondary or epiphysial centre for the base or proximal end of 
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Erst, and for the head or distal end of each of the othe r four.* Osd:ficatiDa 
in the middle of the shaft about the eighth or ninth week of intrauterine life, 'Fhe 
epiphysis for the hase of the first metatarsal appears about the third year; those for 
the heads of the other metatarsals between the third and fourth years; all unite 
with the shafts between the seventeenth and twentieth years, An epiphysis b 
frequently present on the tubercle of the base of the fifili metatarsal bone {Holland}.f 


Fro. 4^8 .—A plsn of the ouificatian of (he IwncB ctf ths foot . 
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The jphalaiiges arc each ossified from two centres t m pnma^’ one for tht 
shaft ancf an crpLphysis for tht base. The prittiary ccotrca for the distaJ phaJanges 
appear about the eighth week of mtrautenne life : those for the proximal phalanges 
betweeo the twelfth and sixteenth weeks, and those for the intermediatE phalanges 
after the sixtocodi week (that for the phaknx of the hfih toe docs not usually appear 
until after birth). The ^iphpeal centres appear belw'een the third and sixth ycara, 
and unite with the eliafts about the seventeenth or eighteenth year. 


CoMPAHJsoj^ Of THE BoN^ OF THE Hatm ANo Foot 

The hand and foot arc constructed on similar principles^—each cximprising a 
proximal part, the carpus or tarsus, an intermediate portion , the metacarpus or meta^ 
tarsus, and a distal portion, the phalanges. The proximal part consists of a aeries of 
more or less cubical bones which allow a certain amount of gliding on one another 
and are chieRy concerned In distributing forces tTAnsmitted. to or from the bones of 
the forts rm or leg# llie intermediate part is made up of slightly movable long bones, 
which assist the carpus or tarsus in distributing forces, and also give greater breadth 

• A* 01 the first metjicarpfl Urn? (&« pajjc 39 tX so in the fim metulanaL ihcrc U some- 
^me-A an epaphvaia Tor ihc brsd RS sb i^nc for the bup, 

t C, Thur*too Holbnd^ 7- 55r 
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for the reception of such forces. 'Fhe separation of the individvuJ bones from ope 
another alloMn of the attachments of the interosseous muscles and protects the 

dciniipaliu^ don^iplantir s^ciikr fto^tuiDtkses. The distal portion If tho mo^t 
movable, and its separate elements enjoy a varied range of movements, the chief of 
which are flexion and extendon. 

'Hie functions of the hand and foot arc, hoviever^ very different, and the general 
similarity between them is greatly modified to meet these requirements. Thus, the 
foot forms a firm bads of support for the body m the erect posturci and k therefore 
more solidly built, and its component parts are less movable on each other than those 
of the hand. The architecture of the bones of the hand k designed to provide an 
efficient instrument of prehension, and its componenl: parts are not only capshk of 


Flo, dfcJcton *f the left foot. Medial ojpeet- 
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Fin. ,t^-—The dfirIrEWI of the left foot. Ijttrril laprct. 
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a greater range of movement but possess a greater degree of independent mobility. 
In the case of the proximal phalanges the difference k readily noticeable; those of 
the foot are smaller and ^eir movements more limited than those of the hand. The 
difference betw'cen the metacarpal bone of the thumb and the metatarsaJ bone of the 
big toe » very much more marked. The position of the mmcarpal bone of the 
thumb permits of great mobility ^ £is compared with the other metacirpal boneSp it 
b earned forwards and mUited medially round its long axis through an angle of 
approximately 90"", and it b capable of a considerable range of movcttictit at its 
articulation with the carpus. The metatarsal bone of the big toe assists m supp<^rt- 
ing the weight of the body, b constTutlcd with great solidity, lies parallel with the 
other metatarsals, and has a limited degree f}f movement. The carpus is small in 
proportion to ihc rest of the hand, is placed in line with the forearm, and forms a 
tTaiis%er$e arch, the concaviK of which constitutes a bed for the flexor tendons. 
I'hc tarsus forms a eousidcrable part of the foot, and b placed at right angles to the 
leg, a position which b almoit peculiar to man, and has relation to hb erect posture. 
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In fitdcr to sdJow them (o support tht weight of the body efficiently whiJc rrisking 
provision for the requisite spring imdchk^ticity of the gait, the tarsus and mciataraua 
are built up into a series of arches (Jigs., 479, 4S0), the difiposittOTi of n hich will be 
Considered after the articukuona of the foot have been tlescribeid. 


THE SES.4M01D BONES • 

The sesamoid bones lire more or las rounded nodules of bone embedded in 
certain tendons and usually related to articular surfaces. Their functionj probably 
are to mcwJily^ pressure, to diminish friction, and oocastonalLy to alter the dtrectiort 
of the pull of a muscle. The fact that they are present as cartibginous nodules tn 
the ffEtus and in greater numbcis than in the adult £.how^ that they are not devekj-ped 
to meet certain physical requirements in the adult. They must be legarded as 
Lncegral parts of the skeleton phylogencdcaJly inherited,! Physical necessities 
probably come into play in selcctmg and in regubting the degree of development of 
the oiiginuJ cartilaginous nodules. 

Sesamoid bones arc invested by the fibrous tissue of the tendons, except on the 
surfaces in contact with the parts over which they gltdc, where they present smooth 
artieukr facet!. 

In the upper limb the sesatnoid bones of the joints are found only on the palmar 
surface of the hand. Two, of which the medial is the laiger^ are present at the 
metacarpophalangeal joint of the thumb, embedded in the tendons of the adductor 
poll lets and the flexor pollicis brevb; one is frequently present in the corresponding 
joint of the index finger (35 per cent, of Imnds), and one in the same joint of the 
little finger (70 per cent, of hands) (PL XII)* Sesi^oid bones are found occasionally 
embedded in die palmar ligamenL^i at the memcaipophabngeal joints of the middle 
and ring fingeta, and tliere may be two at the same joint of the little finger. A 
sesamoid bone frequently occurs at the interphaiarigcal joint of dw thumb (73 per 
cenL of hand$)+ 

It should be noted that the metaoarpophakngeal sesamoids of the thumb appear 
in males benveen the m elfth and the fifteenth year and those of the fingers between 
the thirteenth and the eighteenth years.| In the female these bones begin to 
ossify iibout three years earlier. 

In the lower limb the brgest sesamoid bone of the joints is the patella^ developed 
in the tendon of the quadriceps femoris. On the plantar aspect of the foot^ two, of 
which the medial is the la^erp are always preseni at the metatarsophalangeal joint 
of the big toe^ embedded in the tendons of insertion of the flexor hail ucis brevis; 
one sometimes at the metatarsophalangeal joints of the second and fifth toes, one 
occasionally at the correapondmg joints of the third and fourth toes, and one at the 
interpl lalangeal joint of Uie big toe. The medial sesamoid at the metatarsophalangeal 
joint of the great toe ia often double, and the condition may be mistaken for a frac¬ 
ture of the bone* 

Sesamoid bones apart from joints arc seldom found in the tendons of the upper 
limb ; one h sometimes seen in the tendon of the biceps opposite the radial tul^r- 
otsity* Sesamoid hones or cartilages arc, however, present in several of the tendons 
of the lower limb—viz. one in the tendon of the pcroncus longus where it glides on 
the cuboid bone ; onep appearing late in life, in the tendon of tlie tibialis anterior, 
opposite the smooth facet on the disial part of the medial surface of the 
m^ia] cuneiform hone; one in the tendon of the tibialis postcriorp opposite the 
medial side of the head of the talus ; one in the Lateral head of the gastrocnemius, 
behind the kteral condyb of the femur; and one in the tendon of the psoas major 
where i t glides over the iliuim Sesamoid bonea are found occasionally in the tendons 
which wind round the medial and lateral malleoli, and one is sometimes present in 
the tendon of the gluteus maximus svhcrc it passes over the greater trochanter of the 
femur. 

• S£E A. M. Biwy-ra, J- 55, 1521. 

f TtiiScfiiiUk Arbtiten^ ^ tS$6. 

I J, Joseph, PermrtfX} Ctt7i7FTwitiVrth«^i. 
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A JOINT or ^riiailfiiion is formed where tsva or more banes qf iJic skeleton meet 
£\. one anothcTp In long banes the ends arc the parts which form the joints : in 
fiat bones the joints nsuiilly are formerd at the edges: and in abort and irregular 
bones the joints may occur at variouB parts of their surfa^s- 

The function of die joint h the most imponant factor in the determiiLitlon of Lta 
character and structure. In some situations,, c.g+ in ihe skulh it is important that no 
movement shuald be permitted between eontiguoua bones; in odicr situations, 
e.g. in the vertebral colomnt a slight degree of mobUiiy is advantageans, provided 
that it can be obmined without any loss of strength ; and in atill other aituations the 
provision of a more or less wide range of movement is all-important. 

In the earlier sections the davelopmcnt of the skeletal system and its oomponent 
parts has been described^ and it has been shown how in the first place the individual 
bones arc laid down as condensations of the mesenchyme. Laictp adjoining areas 
of condensation may become Doniinuons with one another before they undergo the 
processes of chond rification and ossification* Centres of c hcmdrilication and ossifica¬ 
tion appear and outline the individual bones, which arc connected to one another 
by plates of mesenchyme, often termed inUr^&nai FnrjmrAyw. The subsequent 
historv' of this mesenchymal plate differs in diHcrcni t)-pcs of jntni. It may become 
converted into white fibrous tissue ; it may be converted into cartilage ; or it may 
break down centrally and leave space between the two opposed In the 

first case the connecting medium betwwn the Ivories concerned becomes converted 
into white fibrous tissue, made up uf numbers of sliort, collage nous fibres running 
between the opposing ends : such joints are ulnu^si iniTiiovable and jire termed 
Jihrous jfiints. In the second case the conncctifig medium between the bones con¬ 
cerned hecomes eemverted into cariiLigu ; such juints are t'apable of a limited range 
of movetneut, and are termed ear/iltigmous/mnfs. In the third case the central part 
of the interzonal mesenchyme becomes a Iwise inesliwork which soon gives rise to 
the inierarticular part of a joint cavity, w hile the interzonal mesenchvTuc adjoining 
the opposed ends uf the skeletal elements femains condensed and cuntribmes lo the 
fonnfltiun of the articular surfaces ot the bones concerned.* The peripheral part 
of the joint cavity is formed by un extension of the E:a\ itatEon into the surrounding 
vascular mcifencli)Tne w hich is enclosed by the dcvelopmerLt of a fibrous cuff, termed 
lUnfibrpus £afisiii£ ujfiiTTtyus mctfihrtan, around the joint, I’hc vascular mt^nchyme 
forms the wall of the peripheral pari of the joint cavity and constitutes a tyritkial 
mtmhr^fTif. It also gives rise to intra-anicular structures such as articukr discs and 
ligaments (tiVf infra]. The fibrous capsule and synovial membrane together con¬ 
stitute t be aritmiar 1 mracapuLir ligaments and tendons de velop i>i nVu and 

do not migrate through the fibrous capsules Into the joint. Joints with an articular 
cavity possess a more or less wide range of movement and are termed joints,f 

In joints w here only a slight degree of movement is required, the desired result 
is obtained by the provision of a cartilaginous joint w hen adequate leverage is avail¬ 
able, c-g. in the joints between the bodies of the vertebrae. In some situations, how¬ 
ever, e.g. in most of the caipomctaCiirpiiil joints, the nec^sary' leverage cannot be 
obtained and synovial joints arc essential to provide even very limited di:grce3 of 
movement. 

Alt the joints in the human body fait into one of these three categories, and the 
salient features of each group must he considered, before the individual joints of the 
body can be described La detail* 


A CLASSIFICATION OF THE fOINTS 

Joint* are divided into three classes : fibraui joints, ££trtilagimtis jmnti, and 
synovial joinU- 

* R. VV. Hain«p J. 8r, 1947. 

t E. tjafdficr artij l>- J- (itnv, Amer. J. sUral., R6^ 87, 1^50; Sft, 11^51. 
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i. Fibrous Joikts. [Iosctijrak FibrosveJ 

Fibrous Joints are articiUaticins In whkh ihs surfam of the bones are 
together by intervening fibrous tissue, and ia whidi there 1 $ no appreciable motion, 
^ in the joints beiwtxii the bortes of the enmium. 'Fhere are three types of fibrous 
joints : sutuJW, gon^phoses and syndesmoses. Sutures, hovveve r, ean be subd ivided 
into several difFerenl varieties. 

A suture is an articulation met with only in the skuU^ where tlie iiaargirLa of the 
bones anicukte with one another {fig. 481 ^ but arc separated by a thin layer of 
hbtuus tissue, which i* natned the lUfurat Ugammi. The margin of each bfjne is 
covered by a kyer of Hattcned osteogenic cells and a kmclk of fibrous tissue, which 
are coniinuous with the corresponding layers of the periosteum over their non- 
itrticular surfaces. Between the adjacent fibrous lamellae is a looser zone of fibrous 
connective tissue containing thin walled bl<K>d vessds, which, in the vault of the 


Flo. 4U1 .—Seefiaft of Uic intcmiml «uiurc of a i^nljiy^ptd car. {Kindly Icni by 
Professor J, J. PritehurdH) 
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sfculh ctUTtmunicaTe with the diploic veins, the dural venous sinuses and the I'eitis 
of the soiilp. The fibrous layci^ of the inumal and extertuil periostea of adjacent 
bones are eonttnuous across the suture and form the chief band of union between 
the boru?s. In the young* the bonca expand by growth at sutures. During this 
period the layer of osteogenic cells covering the margins is tveJI developed and areas 
cjf secondary' cartilage are frequently found in the .^utrnnl ligaments,* 

When the bony margins are provided w'ith saw-like edges the articulation is 
terined a futun^ such as the sagittal suture of the skulL Ulicn the niatgins 

present a aeries of tooth-likc prcecsses which widen to^vards their free ends, the 
articulation is named a denticuifite mturr- Where one bone overlaps another^ as in 
the suture between tlic temporal and parietal bojiesj it is named a tquumaus suturti 
where the overlapping edges are ridged or serreicd it is named a fmfbous sMtar ^; 
ivhere Uiere Is simple apposition of contiguous rough surfaceSp :ts betw ^tm the pala¬ 
tine processes of the ma^^illa!, qr between the horbcmtal plates of the palatine tkanes. 
it is named a phmt ruturr. A sc/iindyktis or fuiurjf is a joint where 

a ridge fits into a gnjoved surface ; it is seen in the articulation bctvveen the rosirutn 
of the sphenoid and the upper border cf the vonter. 

At birth the right and left halves of the mandible are united in the median plane 
by fibmus tissue^ but during the first year this fibrous union bceomos converted into 
bone (p. 309). The xonc of ufsion ia often referred 10 as the symphyui nurniL 
A gamphoais barticijlation by the insertion of a conical 

* J- J- Pritchard^ J, M. Scott tiild F. G. Lond^^ 
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process into a socket ^ It ie seen in the articulatioDs of the rooca of the teeth with the 
alveoli of the rnanchblc and nuxillor^ 

A syndesmoais is a joint in which the opposed bony surfaces are connected by 
an intcrosaeoiis Hgamenl, as tn the UblofibiiW sti'ndesmoais. 

2, CAnnucJ-Nous Joints. (JuKC’TtjRAE Cahtji^^oixe^eJ 

In these articulations the opposed bony surfaces are connected to each other by 
cartilage, and a limited amount of movement may be pc^Lbie. 

In some Kutiia^noua joints, which arc termed synchondrmes (primar)- cartila¬ 
ginous Joinis) the cartilage b hysiiinc in character and letnprjrary in nature. It is 

ultimaiely replaced by bone (fig. 4S2). Such Joints 
arc found betw cen the epiphyses and dbphyscs of lung 
bones, betivecn the occipital and sphenoid bones ai 
and for some after births and theiwccd the 

petrous parts of the tempijral bones and the Jugular 
processes of tlie occipital bone. No movement is 
permiitcd at these joints^ for the cartilaginous plate 
is relatively diin and the necessary leverage cannot 
be obtained. 

I n other cani lagittuus joi nts (secondary cart ilaginous 
f*crM»tEum joints) the oppos^ bony surfaces are euvered with 
hyaline cartilage, and are connected to each other by a 
flattened disc of hbrocartilagc of a more or less complejc structure (fig. 4S3). The 
bones are also connected by bands of white fibrous tissue termed Hgaments, whichp 
how'evcrj do not form a complete capsule round the joint. A timited degree of rnovo 
ment is permitted and it is rendered possible by the compressibility of the cartila- 
ginous disc and the degree of leverage w hick b available. Such joints are generally 

Fig. 433 —An obliquely eorofutl scciioa through the symphym pubia 10 show the 
atruclUTC -of a cajiilivginoiu joini. 
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pcimancnt and are represented by the joints between The vcrtebml bcKjieSp the joint 
between the manubrium and the body of the sternum, and the joint between the 
pubic boRcs^ w hich is termed the pubic symph^^is. .All these articulations lie in the 
median plane of the body. 

3. STNovtAt* Joints. [JuNcruftAa Synoviales] 

Most of the 5 *>ittts of the body, including the jwnts of boih limbs, with the except 
lion of the tibiofibular syndesmosis and the pubic sytnpbj^is, belong to the svnovlal 
gfuup* 'fhey have certain definitely churacicr^ic fcaturti. (j) The contiguous 
bony surfaces arc covered with articular cartilage and arc not attached to one 
another. (2) There is a joint cavity, which is reduced to a potential apace In the 
normal healthy condition during life. (3) The joint b completely surrounded by an 
articular capsule^ w^hich consists of a fibrous capsule lined with a synovial mem^ 
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hra^^t^. (4) T!it synavm! fiionbninc lines the wh-ok of tin? interior of the joint with 
the cxcej>lion of the ca-riilage-covcred ends of the artictilatinj^ bone?^ (5) The bones 
are usually connected by a variable number of ligaments which are addilionaJ to the 
fibrous capsule and usually supcriicial to It, (6) On account of the nature of ihc 
eonncTuons between the bones concerned^ nmvcnicnt is dways possibk in a syuo^iaJ 
joint: it may ya.ry fram a gliding movement* very Uinited in range., sudi as is 
permitted between the bases of adjoining inetacarpiij bones, to the wide range of 
movement of tlic shoulder joint. 

Ill addition, the jnint-cavity may be divided^ completely or incx)iTipktcly\ by an 
nr/jcii/jur disc or a memsetts constsling of fibftjcartiluge [%. 4S4B) in wbieh the fibrous 
tissue predominates and the cartilage cells are few and far beiw'ceii. PerJphctaily 
artieular discs and incniscl are ■continuous with the hbrauft cap$ule of the joint 
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through the medium nf □ loosely arranged and vascular fibro-artolar tissue ; their 
free surfaces may be partially co^'ered by flattened cdlfl ivhiqh are continuous at the 
periphery' wirh the surface ocU^ of iJic adjoining synovial membrane : there Is, 
bowever, little resemblance betw een the surface cells of the articular disce and the 
synovial cells {tdJf tnfnt). The articular discs help 10 maintain perfect lubneation, 
'Fhcy occur in joints w here glitling is associaicd with angvilar movement.* They 
Xii minimise attrition of the artiotilur Surfaces and to increase the range of 
movement by converting what is in fact a single joint into two (ph 460)^ 

Articular discs or menisci are present in the lemporoniandibulaT (p^ 458)1 tltc 
siernoclavieular, acrnmiocbi.’icularp inferior radio-ulnar and knee joints^ 

The articular cartilage which covers the articular surface of a bone is usually 
hyaline in characterp but in tlie cases of bones w hich ossify in membrane it is white 
hhrocartilagc. It contains neither nerves nor hlnod-vesacla, and its nutrition it 
derived front the vascular network in the synovial membrane at its ^veripbery^ from 
the synovia wJtich lubricates the Joint and from the blood vesacia in the underlying 
marrow spaces (vide iff/rn), Macnoscopicslly its fuse surface is smootli and lias no 
covering perichondrium ; mkrosoopically the surface is finely imegulait and minute 
shred-hke projectlorc^ indicate the elTecis of normal wear and tear. The deepest 
part of the articular cartilage is c^lcihed aud is firmly attached to the articular surface 
of the bonc^ which is formed by a compact layer termed the articufiSr iamrlta. The 
blood vessels of the underlying marrow spaces tcriniiiflie in this region os loopsp 
some of which penetrate the articular lamella and enter the calcified layer of the 
articular cartilage^ A few' vessels extend beyond this into the deeper pan of the 
uxicaicificd c^rtilage-^ 

• C, li. Baxnem^. .‘liitif., iMtui., 88, 

t D. £. HDlnvdahl & Bo. E+ InRclnuLEkp Arta wihirptrfJ, a-and ., ao 
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The Rbroua capsule coniaLfita af parallct and interlacing bundles of white 
connective tissue fibrcf. It forms a sort of cuff or brassard, each end of tvhich is 
aitachcd tu a continuous line around the articulur end of one of the bones concerned, 
usually in the imnwdiate neighbourhood of the periphery of the articular surface^ 
hut this arrangement is aubjcci to considerable varialion. It is perforated by the 
articular vessels and nerves, and miiy present one or more apertures thn>ug:h v^hich 
the synovial membraoc protrudes to form a pouch or sac. 'JTic fibrous capsule 
usually show^s two or more Jocftlised thickenings in whicii the constituent fibre 
bundles are generally parallel to one another^ These tbickening& arc the ilgamenEs 
of the jornl and they arc named according to iheir posirion or attachments. In 
some joints the fibrous cjipsuk is reinforced or replaced by the tendons, or by 
expansions from the tendons, of neighbouring muscles, i^omu joints possess 
accessory ligamenls which stand dear of the fibrouB capsule. Such aceessorii' 
hgaments tnay be situated outside the capsule, or ihcy may l>c inttatap^lsr. 

All ligaments are tough and unyielding^ but at the same time fiexibk and pliant^ 
so that they offer no resistance to nonnal movements. 'I’hcy are designed to prevent 
the occtirrencc of excessive or abnormal movemenis, and even' ligament becomes 
taut at the normal limit of some pLirticular movement. 'FJtey arc elastic only within 
narrow limits,* and arc not designed to vvitltstand prolonged tension, pain always 
resulting when they are subjected to it+ 

I’he synovial nriembrane lines the fibrous capsule tmd covers thoae parts 
of the bones w hich are w ithin the capsule, bui ceases at the margins of ihc articular 
cartilages, W'hSch it usually overlaps to a slight cjctcnt, Speaking broadly, it 
gives a covering to all intracapsular structures, but this statement requires a cenain 
amouni of ciufllification (iff iattr). In many joints the synovial membrane forms 
fringolike processea, usually containing smkl pads of fat, which project into the 
interior and fill up any irregularities or potential spaces in the joint (fig. 515). The 
synovial rnembrane secretes a small quantity of visdd glair>' fluid termed 4:yFiop/n. 
This flu Ed sets as ^ lubrtcanT and may help to nourish the articular cartilage. Its 
eompositiou suggests that it is a dialysatc of blood plasma w'ith the addition of the 
mueosubatance hyatarmne add which as distinct from that of cartilage. It contains 
a few nucleated cells, chiefiy monocytes and clasmQtocytes.f 

I'listcilogically ihc ^ynoi isl memtirane consialfl, typically, of a delicate, vascular^ 
cellular connective tc^uCk covered on its free surface by an incomplete layer of cells, 
which are irregular In shape and arc not accurately opposed to one another like the 
oellj lining the setous cav'ities.;^ These superficial cells (sometimes termed 
eeth) differ froin the deeper cells in the membrane by their siainuig reactions. They 
are responsible for the secretion of the hyaluronic acid^ which is the characteristic 
conatinicnt of the synovial fluid. Jn addition, the synovial cells are capable of 
removing particulate matter^ from the joint cavity and transferring it to cells in the 
deeper part of tho membrane, and so^ following lucmorrhage into the joint, they are 
found to be laden with harnrosiderin. Puither they are probably the active agents 
in the absorption of the cartilaginous tiebris caused by ordinary wear and tear. 

Deep to the synovia] ccll^ the ccdlagcnous groundwork of the synovial membrane 
is traversed by numerous fine fibres, many of them elastic fibtes/and contains krge 
numbers of connective tissue cells of different types, including fibroblasts and mast 
cells. Reticulo-endothehul cells are present. 

In different parts of the ^me joint the synovial membrane varies in thickness 
and has been classified m (i) fibrous^ fii) fatty and (iii) areolar.I* The so-called 
fibrous tv'pe is thin and is intimately related to the deep surfaces of ligaments and 
intracapsular tendons such as the long tendon of the biceps brachii and tin; popll- 
tens niiuscles. ITt fatly type mclmles all projections of fatty tags i[ito joint cavities 
and iS regarded m being less active physiologically than the areolar type, the details 
of whicii have been summarised abovc,j 

The synovial sheaths of tendons and the synovial burs^ are closely related in 
structure and function to die synovial membrane of joints. 

• J. SV. SmilH. 7. Sfl, 1554. 

t W. Itfluer, W. Hope* md H. Wfl 4 ifie, Phyiial, jo, 1^0. 
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CEassiiicatjottp—Synovial joints arc classified according to the kind of modon 
permitted in them. The re are two varieties in which the movement is nni-axial; 
that S3 to say, all movements take place around one axis. In one, the or 

joifti, this axis is, practically speaking, transverse ; in the odicTi the aiticul^iso 
twhoidfa or pivol ;cim/, ii is longitudinal There are two A-ariedcs w here the move¬ 
ment is bi-axiaL ■ these arc the urttcutaita coffdyluris or eoiidyioid joint and the 
orricniatio reitans or saddle joinL There is one form where the mo^xmenl is poly- 
axial, the artimlatio cotyhca or baU-and-soeket joint i and Anally there is the 
ariieulatio pleina or plane joint. 

Ginglyxtius or bingejoi&d - In this form the articular surfaces are moulded 
to each other in Such a manner as to permit motion in one plane only. On each 
side of the articular surfaces the hones are connected together by strong coU 
lateral ligaments, which form their chief bond of tintnn. The best examples 
of hinge joints arc the interphalangeal jcjints, and the humero-ulnar joint. 

Articulatto trochoJdea or pivot joint.—Where the movement is limited to 
rotation, the joint is formed by a pi%oi turning within a ring, or a ring turning on a 
pivot, the ring being formed partly of bone, partly of ligament. Tn the proximal 
radio^ulnar joint, the ring is formed by the radial notch of the ulna and the anular 
liganvent; here, the head of the radius routes within the ring. In the articulation 
of the dens of the axis with the atlas, the ring is formed in front by ihe anTcrior 
archT iuid behind by the transverse ligament of the atlas; here^ the ring rotates 
round the dens. 

Condyloid articuhtion.—In this form of joint, an ovoid, convex, articular 
surface^ or condyle, is received into an elliptical concavity in such a manner as to 
permit of flexion, extension, adduction, abduction, dreu induction and, as an 
accessory movement, axial rotation. ITe radiocuTpaJ joint is an example of this 
form of artiailation. {See alto p. 500* Accestory mmmsentt.} 

Saddle articulation.—In this variety the opposing Burfaeea are reciprocally 
concavoconvex, and the movements arc the same as in the preoeding form. The 
best example of the saddle ardcubtion ia the carpometacaipal joint of the thumb* 

Articulatio cotylica or fantl-ajid-socket joint.—In this type of joint the distal 
bone ia capable of motion amund aii indefinite number of 4 lxcs, which have one 
common centre. It is formed by the reception of a globular head into a cup-like 
cavity, hence the name ‘ ball-and-socket,^ Examples of this form of articulation are 
foLind in the hip and shoulder joints. 

A plane joioi Is one which admits of gliding movement only : it is formed by 
the apposition of nearly plane surfaces, the amount of motion in such joints being 
limited by the ligamente or osseous processes surrounding the arttculatii^ns^ U is 
Hccn in the jfunts heiwwn the articular processes of the vertebra?, and in most of the 
carpal and Iarsal joints. 


Twe Movements ani> ^Ihcjlvntsms of Joints 

The movements permitted in joints are uf four kinds : gliding and angular 
movemefits, circumduction, and rotation. Frctpiently these are more or less com¬ 
bined, so as to produce an inhnitc variety, and it is seldom that only one kind of 
motion ts found in any particular joint. Uliere movement is limited, tJnr redpmeal 
articular surfaces are approximately equal in size, but w^hcre movement is freer, 
the more movable bone usually possesses the larger stirfacCn 

Gliding morement U the simplest kind of motion tluil can take place in a joint, 
one surface gliding over another W'llhout any angular or rotatory movement. It 
occurs in many synovial joints ; but Lp some, as in mast of the articulatjona of the 
carpus and tarsus, it is the only motion permitted^ 

Angular movement implies diminution, or Increase^ of ibe angle between adjoin¬ 
ing bones. "^IVo types of angtilar movement are so common, especially in the joints 
of die limbs, that "they must be defined. They occur around axes which, are set at 
right angles to each Other and are : {i)jlexion, or bending, and its opposite, exten¬ 
sion, or straightening, and (s) abduction and its opposite, adduciton- 

flexion occurs around an axis w hich is transverrse or obliquely transverse, and 
usually results in the approximation of two morphologically ventral surfaces. This 
definition ia not enrifcly satisfactory, for Its first part docs not hold good for tlie 
joints of the thumb ; and its second part, in die case of the shoulder, hip and 
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taloerunil joints. The thumb lies in □ plune set at right ^ngle« \Q the plane of the 
fingere. As a resuk its don^l tfUfhucc is directed laterally, anti flexion and extensioii 
at each of its joints ticcur afound an ajitcrupostcrior axts. At the shoulder joint 
fiexion carries the ami fortvard:s and medially, and ils niorphologicaJly ventral 
surface is brought iio nearer in the ventral aspect uf the trunk. At the hip joint, 
owing to I he changes which nocur in the early stages of licvclopmeni (p. 120), 
flexion approximates the morphotogically dorsal surface of the thigh to the vcniml 
surface of the trunk. The condition of the talocninil joint is complicated by the 
fact that the U set at a right angle to the leg. Bending movement of the 
talocrural joint implies a diminution of the angle and h frequently termed flexion. 
On the other hand it results in the approximation of two morphologicafly dorsal 
surfaces and might^ with an ecpial amount of Justification, be termed extensioii. 
It will a%otd confusion and misunderstanding if the self-explanasory terms darxi- 
Jlmon and ptaninr-fltxhn are tised in connexion with die movements at die talo¬ 
crural joint.* 

Abduction and adduction occur around a more or less anteroposterior axis, 
except in the ease of the awrpomctacarpal joint of tJic thunibp where, for reasons 
already stated k these move menu occur around a transverse axis. The terms imply 
movementfl from and to the median plane of the bod>\ except in the cases of the 
digits, where the plane of reference is the median plane of the middle digit (in the 
hand} or the second digit (in the foot). 

Circumdu^thtj takes place between the head of d bone and ju articular cavity 
when the bone is made to cireumscribe a conical space; the base of the cone 
ia dcscrilied by the distal end of the hone, the apex is in the articular cavity ; 
this kind of motion is best seen in the shoulder and hip joints. 

is a form of mo%'cinent tn which a bone moves round a longitudinal 
axis; the axis of rotation may lie in a separate bone, as in the case of the pivot 
funned by the dens of the axis, around whicli the allxs turns ; or a bone may rotate 
around iu own longiludlnal axis, uji in the rotation of the hunicms at the shoulder 
joint; or the axis of rotation may l>e not quite parallel tn the long lixis of the bonep 
as in the movement of the radius on die ulna diarlug pronatian and supination of the 
hand, where it is represented by a line ainnccting the centre of the head of the radius 
with the centre of tbe head of the ulna. 

Although it is customan' and often convenient to describe joint surfscea as 
cylindricab spherical or plane, ii i& important to realise that these areappmximations 
only and that the conhguration of the articular surfaces never conform exactly to 
ihdsc of simple geometrical figures. Thus the articular surfaces of nicest hinge joints 
are not segments of regular cylinders and their profiles are not arcs of circles but 
spirals. Similarly in balband-soeket joints the surfaces are never imlv spherical. 
Likewise the articular siurfarts of a joint are, as a rule, congrtious only in one, 
commonly the weight-bearing, phasc.f This is full extension in the hip and knee 
joints. In all other phases the entering or male surface generally has a smaller radius 
of curvature thstn the ftmaJc surface^ resulting in a wedge-shaped tnicrval, filled by a 
convergent film of synovial fluid, iTelwctrn the articular surfaetji. This iniervaf is 
ncccs^rv' for the efficient lubrication of the jobi. Articular discs and menbej are 
believed to asBist lubiicution by preventing the fulJ apposition of the articular sur¬ 
faces and thus maintaining this wedge-shaped interx-aL On the other hand fat pads 
and syntpvifll folds help tu reduce thhi interval to within functionid limits when the 
articul^ surfaces of the hones diverge widely.t 

FurthermoTe, it muet be noted that so-called hinge joints, such as the elbow and 
talocrurah are in fact ssaddle joints and that consequently some degree of axial 
ToiaiEOn accompanies flexion and extension.^ It is probable that a similar axial 

* Flexion hjM sEiO hetn defined pa rhe position aGPumed by iNe jdnui of \hs fftcua * In 
Utern/ Sueh dchnitiLni wciuld hiipiv that ' doni-fkixion * of the tBUicruml joint is reaUv 
' flexion.' I'hb view ij lupporfcd hy the physiolofriuLl obseri-jition thpt in reftfXCT in\^1vbu 
all the joint* of the lowrr limb fkxiati PE ihe hip Ami knee joifttp h p3wp>* ittsncipted with 
‘ doTiri-flitpiofi ' of ths lalocrural joint* and cxlermum of the hip and knc-e joinOi with " olzmtar 
Ilexiiin ‘ of the ifflloerurel joint. The definitions l>«sed on morphological And phvruotoyical 
cntcfis lUc ct^ntradiaorj" lo other and Ehj» ciiiphjuiMis the deiimhility for the'use of the 
makcdiift termp iURffcsted m She 1«U. 

t T- Wplrnaky^jK BwwJr.^w-T iot 

* M. A. MiieConnpill, /mA7. i«eJ. u>4^>- 
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rr^atirin is us^cidtcil \s hh the movement in utiicr typtA of joints and that 
movements are in fact cirainul^ciitm^s thoujih the axial mtation Is not aitvays 
evident. This accompany!ne[ axiaJ rotuition has !>een termed cotf/uncf Ii 

fIncurs beiiveen all the segments q( the lower limh in normal vtalking movements. 
The purpose i.>( this totation is not dear hut it is of interest in relation to torsional 
strains in bone and to the produelion of spiral fractures. 

Accessory movements.—The movements which can be performed actively at 
any joint do not necessarily include all tlic movements which the structure of the 
joint would permit. Certain inovcmcnls wliicli cannot be performed vnluntarily 
can ueverthdess be produced w^hen resistance is encountered to active movements 
C accessory Tnovxments, firat type)^ e.g, it is only w lscn some solid object^ such as a 
cricket bjill, is grasped in the hLind, thuX the lingers can be nutated at the meta- 
ca rpophali^ogcal joiius. Otl ic r movements can he produced on I y passively (accessory 
mo venoms, seconii type) and their widest range is obtained when the muscles 
acting on the Joint are fully relaxed* e.g. when the amt is panially alnJucted ut the 
shoulder Joints the humerus can be drawm aivny from the glenoid cavity. Such 
movciTtents are commonly termed ^passive movemtnta\ but as all rnovcfuenta, 
whether active or nol^ can be performed passively when iht muscles concerned are 
relaxed, the term accessory mocemenis will be usicd to designate all movements which 
cannot be performed actively in the absence of resistance. 

'riic pussihility of accessory movements implies a certain ^ount of play bc- 
r^vecn the articular Surfaces of a joint* and this prevents undue strain or pressure on 
those Surfaces w hen the joint is subjected to violent stressea,. A considcrabie amount 
of play ES ucm.itted in the shoulder joint, but none is pi^rmiitcd in the hip joint. 
As a result tinm^gcof the articufar surfaces is very much comnionerin the latter^ and 
the disease of oS3;coartbritiSp which has its origin in trauma of iiui anceular surface^ 
is of much more fricqucnt occuirence in the hip than iu the shoulder joint. 

/.mthitirttf is edecivd by a niituhcf of dilTercni furtors^ of which 

the i^nsivn of h'^tim^na is very impnrtant, as can be seen when attempts are made to 
produce hyperextension nf the dissected knee or hip joints. In life, ho^veve^p the 
tetiiioa oj fhe mafdit u^hich tirt ania^ottiiUc io (hi- is equally important, if 

not more so^ for it js open to doubt vvliciher under normal conditions the tension 
of the antagonist muscles ever permits a ligament to be put fully on tlie stretch. 
The pan played by muscles in limiting movement is well seen in tiej^ion of the hip 
joint. When this rnovement is performed with the knee extended, it is much more 
Jitnited in range than when it iii perromicd with the knee flexed. In the latter case 
flexion of the knee rclLixes the ham-siring muscles, and this pcnriiis the thigh to be 
flexed until it cosnus into eonuict ^vlth the anterior abdominal w^all. ^['he movement 
Is then limited by (hi of (hr s*i/t fHtrti concrrnrd —a third factor which is 

present in connexion with some other n^ovements, e,g, flexion of the ell>otv and knee. 

In synovia! joints, where the bones concerned are connected by ligaments and 
musdes only, the articular surfaces are in constant apposition in all positions of tlie 
joint* 'I’he maintenance of tbisapposiiinn is assioied by atmospheric pressure and 
the force of cuhesion, but these factors are merely subsidiary to the influence exerted 
by the muscles. The balance between the normal tonus of the different muscle 
groups which act on the joint is responsible foi maintaining the articular surfaces 
in constant apposition. In this connexion it cannoE be emphasised too strongly that 
the stability of any joint depends on the tonus of the muscles which act on it. I'he 
erect atiilude is maintained by the balance between opposing muscle groups, and in 
the maintenance of this and other norma I postures the ligaments play no part. 

aiitixf twppfy it fid fymph .—Joints receive their hltjod-supply from pcriiinicular 
arterial plexuses^ from hich rLUiricrou& nffsets pierce the capsular ligamcJit to form 
a vascular plexu;^ in the deeper parts of the s)7U)vtal membrane (fig. 540)* 'rhe 
blond vcs,^ls ol the synovial membrane terminate amund tlie articular margins in a 
fringe of looped anastomoses icrmcd the iirmlus articoh vascoiosus. 

I'he lymphatics fnmi a plexus in the synovial membrane and drain along the 
blood vessels to the regional deep lymphatic glands. 

A'«tv jtfpp/r, — Movable joints ate innervated by the nerves of supply to the 
muscles which act on them, and it is probable that this arrangement csiublishes 
local rcElex arcs which tend to ensure Stability. The nerves consist of tueduhated 
and non-mcdullatcd fibres. Many r^f the latter are vasomotor in function whilst 
* M, . 4 i MacCunruiilE, ifoiw Jan, 
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the larger ncn-c fibres terminate In pre^urc and teDision OJrpuBcIca (descnbctl hv 
Ruffini) tn the fibitius CiKf^ukH^ Free nefv^c endings arc numemuB at ll^e attnelirnen^ 
of the fibrous capsule md ligaments,* The part of the articular capsule which is 
rendered taut on the contraction of a given musck or group of muscles is inncrn^-atedi 
by the nerve or nerves supplying their autaganisls.-t For C3;ainple, the inferior part 
of tlie articular capsule of the hip joints which is put on the stretch in abduction p k 
supplied by the ubturalor nenc. Tension of this part of the capsule produces a 
reflex contraction of the adductor muBcIcs whfeh^ usuallyp ia successful in preventing 
over-stretching or tearing of the ligament. 

[n tlie synovial membrane no special md-organs md fcvi free nerve endings 
are present, apart from those wliich are associated with the blood vessels. '1 he 
membrane k relatively insensitive to pain.] 


THE TEMPOROMAXD 1 BL 1 LAR JOINT 

he bony partu entering into the formation nf the fnandibuiar joint are : abovc^ 
the articular tubercle and the anterior portion of the niandtbiilar fossa of tin: tem¬ 
poral bone ; Maw, the head of the mandible: Tlie afii^iar iurjacfs arc ouvered 
with a varietv of white fibrocartilagc in which the fibres predominate and cartilage 
cells are few in number. An articukr disc divides the joint into upper and lower 
cavirieSn^ 

The fibrouiv capsule is aiiachcd, nbove, to the artieuliir tubercle in from ; to 
the Ups of the rympanoisquamosal fissure behind ; iind between these two aitach- 
menls^ to the circumference of the mandibular fossa ; below* to the neck of the 
mandible, .\bove the articiilur dkc* the capule forms a loose envelope^ hut below 
the disc it is tanl. I'hc tyitovtistl memifraut lines the fibit>us capsule ci^tepl where 
the hitter becomes continuous with the peripheral border of the articular disc. 
Below it k refiected upwards on the neck of the mandihlep and the lateral ptcry^id 
tendon to the margin of the aiiicular cartilage of the head. 

The lateral (temporomajidjbuliar) ligament (tig. 4,S5J is placed on the lateral 
side of the joint and is intimately related to the fibrous capsule. It is aitachcd^, 
above, Eo the tubercle on the mn of the jcygonia ; Iwlow, to the lateral siitfacc and 
posterior border of the neck of the mandible. Its fibres are directed olih(|udy 
downwards and backwards and are covered Buperfieially by the parotid gland. 

The sphenomandibular ligament (fig, 4lif3) is placed on the mediaisidc of the 
joint and is separated from ihc articular capsule by n considerable inten^uL It is a 
flat, tiiin band which is attached above to the spine of the sphenoid bone^ ami, 
becoming broader as it de^nds, is fixed to the lingula of the mandibular foramen, 
[.atcralty k is related, above, to the klcnil pterygoid muscle and the auriculo¬ 
temporal nerve ; lower dowfin it is separated from the neck of the mandible by the 
maxillary strssels ; stiU lower, the inferior alvefikr vessels and nerve and a. lobule of 
tJie pitro'tid gland lie between it and ihc ratnu-S of the tnandible and it ia pierced by 
ihc vessels and nerv^e to the mylohyoid muscle. Medially it is related, lvtlcnv% to 
the medial pterygoid muicle: alHive, it i$ aepanted from tfie pharynx by fat and 
Borne phaiy ngeal veins and, near its upper end, it is crossed by the chorda tyinpstni. 
Sonic of its fibres can be traced through the medial end of the petrotyrnpanie 
fiinsurc to the primary attachment, viz. the anterior process of the malleu^ which 
represents a portion ot the cephidic extremity of !Mcckeik canilage. 'Fhesc fibres 
constitute a part of ihc anterior ligament of the malleus (p, uS), 

The srttcular disc (fig, 4^~) is an oval plate, consisdngmainly of fibrous tissue, 
which divides the joint inlo two cavities. Its upper surface is eoncavocftnvcx from 
tveforc hstekwards^ to accommodate itself to the form of the articular foHa and the 
articular tuKude. Its under surface, in eotnyct witJj the head of the mandible, is 
concave. Its circumference is conncacil to the fibrous capsule and, in front, to the 
tendon of the latcraJ pter>T?oitl muscle (p. 562). Medially and bterally short but 

• E. D. Gardner, Phynoi. jRee., Jo, 105O’ 

t B. D. GanJo^ir, .dwj/i. RciC.^ tot, 104, 1iJ4Sr Tim IISEemL-nl require aiamc tiualifii^- 
lian, for, elthouRh it hnida kv<k 1 fiir ihc hip and elhow- joints, it not ^ppcjir lo hold (ipood 
for The ihouldcr jnini, in which ihe nrnt i* dcvcrihcd u Supplyin^ tin? nntcre-ijifcrkir 

part of rhe artieulHr capsule, 

; F IL Kelk™ "Ud hr. P. SaniucT,_7r DvncJi.Surff,, l^jo. 
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FlO. — ^Tbc IeA innp«raminillbulir join(. I^ternl ntpccr. 



Fis. 4136,—^Thc Icfi terctiHfntmindtbulitr jotni. Medial atpcct. 
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strung tiLucjus pass fiuni the nvurgtn of the tlbc to the mtidlal and lutcm! poles 
rcflpectivcly of the liead of the mandfhk. These ensure that the disc and the head 
will nv)ve togetlier during protraction and retraction of the niandlbk. Posteriorly 
the disc contains a well marked venous plexus and divides into upper and lower 
Umelhe^ ^Vhe upper lamella consists of hbroclastic tissue and is attached to the 


Flo* 4 ^ 7 +—A £ 0 ^ 11 ^ 0.1 sfcdon throLi^h tht^ liJt lciniporomim.dibiiljr joint# 
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prjstcrior margin of the mandibular fossa. The lower lameLla consists of white 
fibrous tissue and is aUBched to the hack of the condyle of the nmndihk# It varies 
in thickness In its different part# and b thickest a little bdiind its centre, where it 
occupies the deepest part of the mandibular fessa. 

The stylomandlhuJar ligament fdg* 485 ) is a specialised hand of the deep cer¬ 
vical fascia (p. 565 J, which stretches from the apical part of the styloid process to the 
angle and posterior border of the mmus of the mandible# Although classed among 
the ligaments of the joint, it can only be considered as accessory to it. 

The wcrt;ef of the joint arc derived from the auriculotcTtipotal and masseteric 
branches of the mandibular fien-c • the ufirrm, from the supeHrcial temporal 
branch of the external carotid artery, ami from the masillary arlcn . 

Movements.-—The mandible may be depressed or elevated, and prOEmded or 
retracted ; a considerable amount of side-to-side rnovemem is also permitted* 

It should be noted that in the pvtifkm of w/ the lectJt of the mandible and 
maxilLu are not in contact but arc separated by a alight interfcal. On chjsurc of the 
jaws the teeth come into apposition and this constlmtes the ocefus^t posjfion. When 
the mouth is opruej the head of the inandjble mtates around a bicondylar axis and 
glides forwards in coniaei w ith the lower surface of the anicular dtsc. At the same 
time the disc filldea forwards and downw ards on the temporal bone. This move^ 
meiit ia produced by the contraction of the Lateral plcry guitl muscle and carries the 
head of the mandible with its articular disc which capn it on to the articuliir tubercle. 
*l'hc forward sliding of the disc eeBSCs svhen ihc libroclostie Tissue amdung it to 
the tempfiral bone posteriorly has been stretched to its limit, I'hereaftcr, there is 
some further rotation and gliding fonvurds of the head of the mandihk until it 
articulates with the most anterior part of the disc and die mouth is opened fully. In 
ciostift of the mouth the movements are reversed. In the first phase of this move¬ 
ment the head of the mandible g!idca backwards and rotates on the disc which is 
held forw ards by the ktcnil pterygoid muscle ; this then relaxes gradually to allow 
the articular disc to glide backwards and upwards on the temporal hone.* In 
pr<tfrajhn the teeth ore retained throughout in the occlusal position so far as p^issible 
and the lower leetJi are drawn fonvards over the upper teeth by the pterygoid 
muscles of both sides. Its rfir^iction the mandible is drawn back wards to the posi¬ 
tion of fcsi. In the ktffrat or cAne/njf) the head of one side 

with its disc glides forwards, rotating on its disc around a vertical axis which pas^ 

* [.. A, R™> Brif^ DiTiti.y., 96, 1954, 
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immediately behind the head of the opposite side, Tt then glides backwards rotating 
in the ctppositc direction as the head the opposite aide conies fnnvards b its turn. 
These alternating movements sviidg the uiatidiblc frtim aide to side.* 

Muscles producing the movemenls : 

Deprrsmn. —Digastric, Mylohyoid, Geniohyoid and Lateral Pterygoid 
{of both sides). 

EUvattoft.^ —Masseter, Temporal and Medial Pterygoid (of both sides). 

—Media] and Lateral Plcry'goid {of both sides)i 
Temporal (|>osteriar fibres—both sides). 

JUi/ero/ mEivrtneiiis. —Mi^ial and Loteni] Plerj^goid (of both sides, acting 
alternately). 

ApplLtd Anatomy. —The mandible cart be didocaied in one direetion ordy—vis. 
forv'ards When the mouth is open, the head of the mandible is si rusred on the articulnr 


FiO. —A inedkon sAR’ittnl section through s ponioh uf ih? lumtviu' 
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eminence# and any sudden violence, or e\'en u sudden muscular sp&Mti, as during a con- 
vulai ve vaun, may displace il briv^ ds Into the infFati mporal hussa. I'hc displ acement 
may be unibimul or hilatcnil. Reduction is aecnmpliehed by depressing the jaw with 
the thumbs placed on the lo^t molar Eerth, and at the same time elevating the chin. 
The downward pressufi' overcomes the spasm of the mssflcter, EcmpcjirDl, and ptetygaid 
muaclea, and elevation of the chin ihrou-s rhe head of the mandible back wards ; the 
above-mentioned muacics then drtiu- the head back into its normal poJ^itlari+ 

’Die eJEicrnial auditory meatuA and the tympanic cavity lie immedlately behind tlie 
joint; any force^ therefore, applied to the mandible is liable to be attended with damage 
to throe parts, pr itiElammation in the joint may eittend to them. 


THE JOINTS OF THE VEUTEBRAL COLUMN tPloles 1 and II) 

The vertebrae from the second cervical to the first sacral inclusive arc articulated 
to fine another by: (i) a serii^ of cartilaginous joints between the vertebral bodies; 
and £2) a series of synovial joints between the vertebral itrch^* 

* For rufthcr ilctaiis «« cJ. by R. G_ Sarnai. Puhl, 

diaries C. 'Dirtina^p Sprai^eld* IlUaoti. 1 ^ 5 in 
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1. Tiik Joints of tiie Veritzbral Bodies 
The vcrtebnal hodii.^ are united by anterior and posterior longitudinal ligaments^ 
and by Lnicn'crtcbral discs of fibrncartikj^,^ 

The anterior loogltudinsil ligament (dg. 4S8) is a strong band of fibres whidi 
extends along the anterior surfaces of the bodies of the vertebrse. It is broader 
below than above^ thicker and narrower in the ihoradc region than in the cervical 
and lumbar regions, nnd somewhat thicker and narrower opposite the bodies of the 
vertebnr than opposite the intervcrtebpil discs. It is attachedp above, to the h^isilar 
part of the occipital ix>nc. from which it extends to the anterior tubercle of the atlas, 
then to the front of the body of the axis and k continued down as far as die upper 
part of the front of the aacrunu Tl consists of longitudinal fibres, which are firmly 
fixed to the intervertebral discs and to the matins of the vertebral bodies, but are 
lw>sely attached to the middle p;tm of the bodies^ In Uie latter shuation the liga¬ 
ment is thick and fi-hs up the concavities on dte anterior eurfaces, and makes the 
front ijf the vertebral column more even (fig. 4S8). It is composed of several layers 

of fibres^ of which the moat super¬ 
ficial arc the longest and csicnd over 
dirce or four vertebne. The inter¬ 
mediate hbrcB extend between tvro 
or three vertebra;* tvhilc the deepest 
reach from one vertebm 10 the next 
At the sides of the bodies the liga¬ 
ment consists of a fetv short fibres 
which connect adjacent vertebra;. 
The pOfiterror longlrudinaj 
ligament (figs* 48^}, 4S9) is situated 
w'itiun the vertebral canal on the 
posterior surfaces of the bodies of the 
vertehrse* Above, it k attached to 
the body of the axis^ and is thence 
continued downwardsto the sacrum; 
its upper end is continuous with the 
membrana teeioria (p, 471). It con¬ 
sist of amooth, gibtening fibres, 
which are attached to the inttnciT^ 
tcbnil discs and to the margins of 
the middle parts of the bodies by 
the emerging basivtncbral vefns, ami by veins which driin these into the ant- 
qjjor internal vertebral plexuses. In the ccrvucil und upper thoracic regions the 
hgametn is broad and of nearly unifimn w idth, but in the lower ihoracic and lumbar 
regions (fig. 4.S9] it presents a deriticulatcd appearance, being narrow over the 
vertebral bixlies and hroad over the discs, h consists of superficial Isycrs bridging 
the iniervEil between thrtje or four vertebne* and deeper layers which extend 
between adjacent vertebne. 

The interv ericbral discs ffigs. 48S, 4S9) arc interposed between the adjacent 
surfaces of the bodies of the vertebraf, from the axis to the ^emm, and form the 
chief bonds of connexion hetw ecn tiic 1 ertebnr. 'rhcir shape corresponds w itlj that 
of the bodies between which they are placed. 'Eheir thickness varies in different 
regions of the cedumn, and in different parts of the same disc ■, they are thicker in 
front tlian behind in the cervical and lumbar regions* and thus contribute to the 
anterior convexities of These pans of the column ; while they are of ticarlv nniform 
thickness in the thoracic region* the anterior concavity of this part of ihi; column 
being iiltufjsi ecitirdy due to the shape of the venchral bodies. l‘hc discs are thin in 
the cenicid and upper thoracic regions but gradually increase in thiekut-sa fa™ 
thence downwards. They are adherent to thin lajxira of hyaline cartilage which 
cover the tipper and under surfaces of the ln>dics of the vcrtcbrit. The discs arc 
closely connected to ihc nnlcrior and posterior longitudinal ligaments ; in the 
thoracic region they arc jchicd bterally. by means of the intni-articular ligaments, 
tn the heads of thnsc ribs wluch articulate wiili (wo vcriehne. The intcncrtcbnii 
discs eonalitute ahmii onc-fonrtli of the length of the vertebral column, exclusive of 
the first two vertebnt; but this amount is not ec|uaL[y distributed, the cervical and 


Fm. 4^^*—The pnirrkir Knnaimdiiuil lij/Mamt 
of the verrcDRic,, in the lumbar regiorr. 






the vertebral bodic^i, but are separated from 



TllE JOINTS OF THE VERTEBRAL COLUMN 463 

lumbar portions having;, in proportinn lo ihcir Icrnglh, 9 itiucb greaiErr annoutit than 
iht thoracic rt^gioop viith the reauh that parts possess greater pLiaticy sand 

freedom of movement. 

^tructirt^r o/ the diirr .—In general plan ihc discs consisit of a thin 

ciuief zone of coILij^liious fibres^ which farm a series of concentric collar-hlte rmgSp 
convex fnisn above downwerda. 'lltcse riEigs arc intimiiTel comiected tij one another and 
a much thicker imderlyinR layer of white fibracanilBgc, thccc^liagcn fibre* of whSdt 
show B simiifif concentric amm^'cmcnt. 'I’ogethcr these two liyent form the onidHr 
ifjhmiii. In, or a little poaterior la, the centre of the disc there is a ma*s of ttssuCp 
termed the nurinis paipvtm, fhc structure of which varxLS at diJTerunt age periods.* 
in the tirtciv iffim the ooiefr Ttme of the aoutua fibrosus forms a relaiivdy ikm kyer 
of densely parked cohsEcnoiw fibres which run wlUl vary ing degrees of obliquity 
from the caniinflinous lower surfoce of the vertebral body above to the cartilaginous 
upper siirhice of the one below, I'hc Sibrc bundles intcrlacct ^cti&s-crossing^ one another 
and sometimes joining. In the inner xone of the anuluSp the imiividuai lamimt of the 

fibrocartilagc are separu ted from one another by csrli iage cel Is and tissue spaces. The 
nuckua puTpoaus is rcSaiively large and corciists of a homogeneous mucoid ground- 
subsunce, in which celk of notochordal origin form 9 wide-nicshed and frequently 
intcmipted rrliculum, w hile a few cartilage DcHi ate prc^seni In the periphery. 

In ihe fhiU the anulus fibrosus ihickeiis and it* fibmcarcilagc beconira denser. 
l"hc nucleus pulposus, which c^ontinues reklivcly large, contains numerous collsgcnEJui 
fibres and small gmups of canilogc cells In its mucoid ground-substHnce from which 
notochordal cells rapidly disappear and can rcrcly be idcniilied after the age of lo years. 

/yy the itcenty-Jlrtf yeur the anulus fibrosus has increas^rd in thicItnesA^ especially 
on the anterior asperl of the disc where it adapts itself lo the growth of the vertebral 
bodies. As 0 result the nucleus pulposwR is slightly nearer to the pcj^feriur aspect of 
the vertebral body f ll» gmurtti^ubarsincc h less ir^nsiuccnr^ more gelatinous and of 
hrmer consistency. Further, it now contains a quantity- of loosely arranged fibro- 
cartilagc, which blends circumfcmntially with the surtountling fibrocardlage of the 
.inulus fihmsus. 

In ihc third and following decades the collngenous hbrea of the disc grc;w ctiarscr 
and bcccjme hyolinizcd^ while tlic nucleus pulposus appears to lose fluid and ro 
become desiccated^ 

After the fifth decade it becomes more and more difheutt to diffcrcntiaic the now 
fibiticarrilaginous nucleus pulposus from the rest of the disc. 

Appfkd Anttfomy .—In ihe adult the intcrveficbra! discs am ao strong that when 
violence [s applied to rhe vertebral coIlhiut the bones always give way first* provided 
ihat the discs art liealthy. It i-s impoaatbk to damage a healthy disc except ihrough a 
fr^ETtum Lif a vertebral body passing through the upper or lower surface of the bone— 
except in the tcrv^nal tegion, where, as the result of forcible Rexion, rupture of the 
disc may occur withoiit fracture of a vurtebral body. 

After the second decade, however^ degencralive cltanges are hablc to occur in the 
<iiscs and these may r«ult in pccrcHiiPs and sequeatratinn nf the nucleus pulposus and 
in softening and wcakenijig of the anulus fibntrtius. Under thew circunistances a 
comparatively minor strain may cause an internal derangement of the joint 

tissues with ececntnc dispLacvment of ilie nucleus pulpxisus of an cxtcnial dcrangC"- 
ment in W'bich die nucleus pkilposua buxlgc* or actually burst* through the tmulus 
fibnisus, usually in a poaicrfjtalcral directjon. In the former the unequal tension 
within the joint is responsible for muscle spaicn and for the pddcti violent pain of ait 
acute ditnck of lumbago; in the latter ihe farojccling nudcua is likely toijaure irritotion 
of the adjacent ncn c root wi tb resulT ing referred pain, inch ns sciatica. Derangcmcn rs 
of this kind occur rnosi coEttmonly in the lower lumbar region, especially at the 
lumhf>sncnd joint, and not infrequcnlly iti the cervical region el the kvels of €, 5-7, 
but tliey may occur at any hvel. 

s. The Joints of the ^'i^itebral .AKaii-:s 
The joints betw een the articular prfKcsscs of the vertebriE belong to the plane 
variety anti are enveloped by articular capsules ; the lamina?, spines and transverse 
processes are connected by the fijHowing ligaments ; 

Lii^amenta Ba\a. i?upraspinous^ Lig-jmenlum 

IrneriTans verse, Inicnipinoits* nucha:. 

The articttlar capsules sure thb and loose, and are attached Just beyond the 
margins of the anscubr facets of adjacent artkubr proccai^ I they are longer and 
looser Ln the cervical than in the thoracEC and lumtKir regions, 

* A. Proci^ck, .'liiflj. /.jw/., 86 , 195*' 

f F. Knutuon, A^ta rmituL. 
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The iigatncnu flava (figs- 488, 490) connect the laminaf of adjiiccnt vt!ricbra&, 
and sue best seen from the interior oT the vertebral caml Their attachments 
err tend from the articular capsules to the regiona where the lamina fu&e to form the 
spine ; here their posterior margins come into contact and arc to a certain extent 
united, small intcrvala being left for the passage of vessels. The ligamenta flava 
consist of yellow clastic tiasuc^ the fibres of which* almost perpendicular in direction* 
arc attached £0 the low-er part of tlie anterior surface of the lamina above+ and to the 
posterior surface and upper margin of the lamina below. The ligaments arc thirip 
but broad and long in ^e cEnical reeion ; they are thicker in the thoracic region, 
and thickest in the lumbar region, 'rhey^ prevent excessive dcxiDn and, by virtue of 
their elasticity» they help to control the movement^ graduating it so that its limit is 
not reached abruptly. In thb way they sen e to guard against injury of the discs^ 


Fro. 41JO.—^rhe ligtincnifl fla^'a of the lumbar region, viewed fiom in froni. 



They also assist in restoring the vcrtebnal column to the erect attitude^ after it has 
been flexed. 

The suprasplfious ligament (fig. 4S8) is a strong fibrous cord which connects 
together the apices of the spines from the seventh cervical vertebra to the ^crum * 
fihrocamkge is developed in tlic Ligament at its points of attachment to the tips of 
the spines. It is thicker and broader in the lumbar legion than in the thoracic, and 
intimately blended in both aituarions with the neighbouring fascia. The most 
superficial fibres nf this Hgamcnt extend over three or four vertebra;; those more 
deeply seated pass Iretween two dr three ver^bfit { while the deepest connect ilie 
spines of neighbouring venebrar. In front it ts conrinuonB with the intcrspinous 
ligaments. Between the spine of the seventh cervical vertebra and the estemal 
ocdpital proliilwrancc its place ii taken by the llgaiiientum nuchie, 

'Vhc Ug)amefihim nuchae is a Bbrockstie membrane, w^hieh, in die neck, is 
homologous with the supraspinous and interspinous ligaments of the thtimeic and 
lumbar vcrtebia:+ tis superfieitti pan extends from the external protuberance and 
external occipital crest To the sjpme of the seventh cervical vertebra. From thb a 
fibrous lamina is given off, ivhich is attached to the median part of the squamous 
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occipital I bortu below the ex^tfual ocdpitnl proluhcrancc^ to ihc posltnor tubercle 
of the aibw iind lo the spines of the errticaJ vcritchra;, forming a septum beiwecn 
the miiscJes of the two sides of the neck. In man it is the ireprcsentative of an 
inrtportant elastic Hpament which^ in quadrupedal rnammalSn controls the rnoic^ 
ment of flexion, of the head^ functioning in the samre way as the hj^amenta Havs in man. 

The tnterspmaus iigainenls {fig, 4^)^ thin and membranou^i^ connect 
adjoining spines, and rheir attachments extend from the root to the apex of each 
process, 'Fhey meet the ligamcnw fiava in from and the supraspinous tigament be¬ 
hind. 'ITiey arc narrow and clongatcil in the thoracic region \ broader., thicker, and 
quadrilateral in form in the lumbar region ; and only slightly developed in the neck. 

The intertraxis%'crsc ItgameriLs are interposed between the transverse pro¬ 
cessus. In the cert'ical region they consist nf a few, irregular, staitcfcd fibres ‘ in 
the thoracic region they are rounded cords indmately conneeted with the deep 
muscles cf the back ; in the lumbar region they are thin and mcrnbnmous. 

FtCw 4y B,—The nElantD-w^cipilBt nlld ullanto-axittl joilttiu Anicrior HEpeci. 
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Movements of the vertebral eolumn.—TI jc range of movement possible 
between any tW'O adjoining vertebne is \i-ry restricted, and this limitation is to be 
attributed to tfte presence of the intervertebral disc connecting the vertebral bcMlics^ 
"I’he greater thickness of the discs in the cendeal and Lumbar regions as compared 
wfith the thomck region is associated with the greater individual ranges of movement 
occurring in those regions* But, aUhongb the range of movement between any 
two adjoining vertebra: is sniall, the summation of these movements gives A relatively 
wide nmge of rm^vement to the vertcbnil column as a whole. 

The movements permitted In the vertebral eolumn arc : flexion or forward 
bending, extension or backward bending, bending to one or other side (usually 
termed Intcral flexion), rotation and circumduetbn. 

In/?r™n the anterior longitudinal ligiuncfit is relaxed and the anterior parts of 
the intervertebral discs are eompressed ; while at the limit of the movemeni the 
posterior longitudinal ligament, the ligaments flava, and the intempinous and supra¬ 
spinous ligaments are atietched, as well as the poslerior fibros of the interv^encbral 
discs. The inicrapaccs between the lamini^e are widened, and the inferior articular 
processes glide upwards upon the superior articular processes of the subjacent 
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vertebra. It should be Temembered, howevcfp that tertebn of the extetisor muscles 
of the back h the moat important factor in limiting the movement. Flcsion i$ most 
extensive in the cervical region. 

In txfnwon an exactly apposite disposilicin of the parts takes place.* lliis 
movement is {imited by the tension of the anterior longitudinal ligament^ and by the 
approximation of the spines, h is free in the cervii^ and lumbar regions^ hut is 
restricted in the thoracic region. 

In taf^rai fiexion the sides of the inter^'ertebral disra are compressed^ the extent 
of motion being limited by the resistance offered by the tension of the antagonist 
muscles and the surrounding Ligaments. It is ahvays associated with some degree of 
rotation. I^iatcral movements may take place in any part of the oolumn^ but are 
freest in the cm'ical and lumbar regions. 

Ctrcumdurthti is limited p and is merely a succession of the preceding movements 

Fic. 4^2.—^The arloBtti-cioeipitiJ xind adKiia-nxMil joints* viewed from behind. 
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Roiathfi is produced by the twisting of the vertebra on the intervertebral disca ' 
this, althfiugh only slight bcrlwcen any twn venebra:, alLow^s oLa considcfablc extent 
of rnovemcm when it takes place in the whote length of the column, the from of the 
upper part of the column being turned 10 one or other side* Thm movement occurs 
to a slight extent in the cervical region, is freer m the upper part of die thomcic 
region, and is least in the Lumbar regi<in. 

The extent and variety of the movcmcnls are influenced by the shape and direc¬ 
tion of the articular facets. In the Cffrvkul region the upward InclinatECin of the 
superior articular facets allows of free flexion and extension. Exiensbn can usually 
be carried farther than flexion ; at the upper end of the region it is checked by the 
locking of the posterior edges of the superior atlanial facets in the condviar fossa: 
□f the iMcipital bone; at the lower end it Is limit^^d by a mechanism wh'embv the 
inferior articular processes of the seventh cendcal vertebra slip into grooves behind 
and below the superior articular processes of the drat tltoracic vertebra. Flexion is 

• P, Wilcfl (fViw.. 0 / titt f}/ aS, opitiktn ihaf in full 

rxxmuen fche aris oi moiTiiiffni Lirt iiut behind the Anicubr proccssrt and thnr ir mavet 
forwnnl^ U the column it stminhlcncd until, in full Hexion, it pmes throu^. iinprcixiiTiJilelv 
iht middle of iht VtftTebnd hody. 
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arrested Ju^t beyond the point where ihe ccrviLraJ convexity la straighccncd i the 
movement ie cheeked by the appoaiilon of the projecting lower lips of the bodies of 
the vertebra with the shelving surfaces on the bodies of the subjacent vertebra^ 
Lateral Heston and rotation in the cervical region arc ah^-ays combined ; the upwurd 
and medial indmatioiLa of the superior articular facets impart a rotatory movement 
during attempts at lateral dcjuon. In the thanme region, notably in its upper part+ 
all the Tnovcmenis are limited in order to reduce interference with respiraLEon to » 
minimum- The almost complete absence of an upward inclination of die superior 
articular facets prohibits any marked flexion, while extension is cheeked by die 
contact of the inferior articular margins with the lamina;, and the contact of the 
spines isith one another. Rotation i8 free in the thoracic region; the superior 
articular pmccsseg arc segments of a cylinder whose axis passes thniugh the venebral 
bodies, ’rhe direction of the articular facets would aUovv of free lateral flex ion, but 
this movement is considerably limited in the upper part of the region by the resL^tance 
of the ribs and sternum. In the lumbar region extension Is free and wider in range 
than Hexion. The inferior articular facets arc not in close app^ttion with the 
superior facets of the subjacent vertebnuK and on this account a considerable aniount 
of lateral Ilexion is pennitted. 

Muscles producing the movements^—The vertebral column may be moved 
either by muscles attached to it and acting direedy on it, or by muscles attached to 
other hones and acting indirectly un the column. 

The principal muscles actively concerned in producing (1) Jhxion arc the longus 
cervieis^ the scakni, the stcrm>dtidomastold and the rectus abdominis, of both 
aides in each case % (2) tlie erectar spliuE, the splenius capiiis and the iiemi- 

spinalis capitis, of both sides in each case ; (3) laifral/irxioiK the longlssinnis and 
iliocostocervicahs portions of the erector splnie, the oblique muscles of the abdominal 
w all, and the muscles concerned in Hexinn, of one side only in each ca^e [ and (4) 
rc^fasitm^ the rErtaiores, the muluhdus and the splcniiiiH cen^kis. 


3. The SACHocpccvo^t Joint 

This articulation is a canJIsgtnous joint, between the apex of the sacrum and the 
base of the cocej'X, the bones being united by ventrah dorsal and lateral sacro¬ 
coccygeal It^punenta, and hy a disc of fibmeartilagc. 

The ventral Hacrococcygeal ligament (fig. 511) consists of a few irreji^lar 
fibres which desoend along the pelvic surfact^ of the sacrum and coccyx^ 

The superficial dorsal sacrococcygeal ligament is a tlat band wJuch arises 
from the margin of the sacral hiatus, anti descends tu l>e inserted into the dorsal 


FlOi 49Jv—'Hie atto vfrtcbTni with the iransvtrK lignttlcri I. 
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surface of the coccyx (fig, 522)- This ligament eompktea the Itwver part of the 
sacml cajiaL 

The deep dorsal sacrococcv'geal ligament extends from the back of the fifth 
sacral vertebra to the back of the coccyx. 




4 *S SYNDESMOLDGY 

Tiic intfrcornui^! ligam^n connecE ihe cornua of the sacrum anJ coccyx on each 
sidCi 

A lateral sacrococcygeal Jigameni cjihtR on each side and connects the 
transverse process of the coccyx to the inlcrior latere! angle of the Mcrura ; it exm- 
pJel^ the foramen for the fifth Bacral nerve. 

thin disc of fibrocartilage is inteipciscd betsveen the contiguous surface of 
the aacrum and cocc>^ ; il is soFnewhat thicker in front and behind than at the sides. 
Occasionally the coccyx is freely mnvabte on the satruin ; in such an articular 
capsule lined with s>ntovidl membrane is present. 

In the young subject the differenl segments of the coccyx arc CHtuicctcd together 
bv the extensiun do^^nwards of the v'eniral and dorsal sacrococcygeal ligaments, 
tljin anular discs of fibrocartilage being interpo^sed bet^veen the segment. In the 
adult matcj all the piece* become ossified together at a comparatively early period ; 
but in the female, this docs not commf»nty iK’Cur until a later period of life* At a 
more advanced age the joint hetween the sacrum and coccyx is obliterated. 

Backward and forward movements take phee betw^ecJi the sacrum and coccyTC; 
their extent increiises during pregnancy. 


Fm. alliniO-^OCClpiuii ind Btlunto-a xial joisit*. shown Cfrim hthind after 

rtitiiovjii of the puftledor |ikart of the cKopjEhl bcile snd thr UunEniit ol iht upper 
Cvrvicdl VTtTtehra* ITle fttl4l11Ti>-Oieii^h»l inini eavitich hxvc been Upctitd. 
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4, The ATi.A>rTCi-A xial JeunTS 

The articulation of the atlas with the axis is of a complicated i^uturc and compriaea 
three synovial joints. Of tltese one U placed on each side between tlie inferior facet 
of the lateral mass of the atlas and the superior facet of the axis ; the other is median 
in p4jftition and is placed berween the dens and the anterior arch of the atlas. 

The lateral atlanto-axial jaints arc plane joints, but the arttcultir surfaces 
involved are both slightly convex in their long axes. 

The fibrous capsules arc thin and \my5e*, they surround the jolnis and are 
lined w ith synovial membrane. Each is sireiigthcncd at its posterior and tnedial part 
by an ijrrrjmn- iigumtur, which is attached below tn the body of the axis near the base 
of the dens, and above to the lateral mass of the atlas near the 1 fans verse ligament^ 

In front the two vertebne ate connected by a continuiitioji of the antenor longi- 
mdinal Ugament ffigp 491 )p In ihi# position it t9 a strong membrane, fixed above to 
the lower border of the anterior arch of the atlas, and below to the front of die body 
of the axis. Ic is stfcngthencd in the median plane by a rounded cord which connects 
the tubercle on tlte anterior arch of the atlas to the body of the axis. 






THE JOINTS OF THE VERTEBRAL COLUMN 4O9 

BErhind, the atlas and ails are JoiTicti by a broad, thin membrane (fig, 492) 
attached atwive to the low-er border of the posterior arch of the atlas, below to 
upper edges of the laminas of the sutis j It is in series with the liganicnta flava and is 
pierced near its lateral extrennily by the second ccrvic^ nerve. 

'Fhe median atJanto-aaial joint is a pivot-joint between the dens of the axis 
and the ring formed by the anterior arch and the transverse ligament of the alias; 
the ariicuhr mfuttt arc reciprocally curved. , 

fibrous csipauk is weak and loose anil kneel witli synovial membrane. 
\ scctjfid svnoviiil cavity is pr^^^'ni and lies between the iransverae ligament of tbe 
atlua and the posterior surface of the dens 495 ) : eontinnoiis witJi the 

joint cavity of one or other of the atkinto-oceipital joints. 

Fici iof,—A ttiediiua sflsitml M«rtkrti thrauj^b ihc oedpitsi bone and die first three 
' ’ eervical vertebne^ 
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'l^hc trafisverse Uganient of the atlas (fig$. 493 ^ 495 ) a thick h strong 
which arches aci-oss the ring of the atlas and retail the ttens m contact with the 
smterior arch. It is broader tn the middle ihalt at the ends, and firmly attached on 
each side to a small tubercle on the medial surface of the latcml mass of the ailM. 
*nic median part of its anterior surface is covered by a thm layer of articular 
cartilage. .As it crosses the dena. a small longitudinal hind la pro onged upwards, 
and armther downwards, from its superficial or poarcnor fihre^ The upper band is 
□iiached to the upper surface of the basilar part of the occipital Iwne betw;een the 
apical ligament of the dens and the membrana tcctona ; the lower band, which may 
Iw absent, is attached to the posterior surfaM of the body of the «is; hence the 
whole licimeni farms a cress and is named the rrwi/erw hgamfnt o/ tht aflat. 1 he 
transvciie ligamem divides the ring of ihc aiLis into two unequal prts {fig, 493): 
of these the posterior and larger aurroiinda the spinal meduUa and its metnbranca; 
the anterior and smaller contains the dens. The neck of the process is constricted 
where it is embraced pcisteriorlv by the transverse ligament, so ihat this ligament 
sulfioea to retain the dens in position after all the other ligaments have been divided. 
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Movements.—Movemciii thhisi occur ol! time joints at the same time, and 
it allows the rotation of the ntlits (and with it the skull) upon the asis, the extent of 
rotation being limited by the alur ligamcmts (p. 471}. 

'rTie opposed articular facets of the atlas and axis are both slightly convex in 
tlieir long axes, as already staled. When, therefore, tite upper facet glides forwards 
on the lower it also descends. The stretching of the Rbres of tlie fthrous capsule 
that would result from this forward movement is diminished owing to ilie con^ 
temporanenus descent of tlieir upper aitachmcntSt and in this way excessive Jaxitv 
of the capsule is obviated. 

Muscles produciog the movements.—The principal muscles by w'hich these 
movements are produced arc the obliquus capitis inferior, the rectus capitis posterior 
major and the splenius capitis of one side, acting with the stertiocleidDniastoid 
muscle of the otJier side. 


'I'HE JOINTS OP THE \''EKTEBR.\L COLUjMN* WITH THE CRANIUM 

The articulation of the vertebral column with the cranium ihx'alves not only a 
pair of atlanto-Dccipital joints and their ligaments, but also a number of ligaments 
which Connect the axis with the occipital bone. 

[. Tub AttANTo-OcciPiTAt, Joints 

On each side the atlunto-occipi tal joint is placed between the superior arricular 
facet of the iatefal mass of the atlas and tlie condyle of the occipital bone: it is 
condyloid in type, Tiie tiriicuJar turfaiti are reciprocally cur>'cd, hut do not exactly 
correspond, as the atlantal facet may be constrictetl or occasionally subdirided into 
two, an arrangement which facilitates the Lubrication of the joint. The bonea arc 
united by the articular capsules and the anterior and posterior atlanto-occipital 
membranes, 

'I'hc fibrous capsules surround the condyles of tlic occipital hone and the 
superior articular facets of the atlas. They arc thicNened posteriorly and late rail v 
but are very thin and sometimes deficient medially where the synovial cavities 
frcqucjiity communicate with the synovia] bursa between the dens and the irans- 
vCT^‘ ligament of the atlas.* 

The anterior atlanto-oceipilnl membrane (fig. 4gi) is broad, and composed 
of densely woven fibres which pass between the anterior margin of the foramen 
magnum above, and the upper border of tfw anterior arch of the atlas below • 
laterally it is continuous with the capsular ligaments ; in front, ii is strengthened 
in the median nbne by the continuation of the anterior longitudinal liganicnt a 
strong, rounded cord which connects the basilar part of the occipital bone to the 
tubercle on tlic anterior arch of the atlas ffig. 491). 

The posterior atianto-oecipital membrane (fig. 492), broad hut thin is con¬ 
nected above to the posierior margin of the foramen magnum ; below, to the upper 
border of the posterior arch of the atlas. On cacfi side it arehes over the groove for 
the vertebral artery, and with this groove hounds an opening for the entrance of the 
arieiy and the exit of the firwt cervical nerve, 'I'he Ircc border of the membrane 
arching over the artery and nerve, is sometimes ossified. ' 

Movcmenia.—The long axes of the two joints arc set obliquclv and run from 
behind forwards and medialJy. As a result of this obliqtiity and of the oin piure of 
the cjccipitol condyle, the corresponding articular surfaces of the two sides ore in 
reality porttonsof the surface of an ellipsoid, the bng axis of which is set tronsveraelv 
The two joints tfiercforc act as one, and movcnieni may occur around transverse and 
anteroposterior axes, but not round a vertical axis. The movements pennitted 
therefore are (o) flexion and extension, w hich give rise to the ordinatv foAvard and 
backward fiodding of the head, and slight lateral motion to one or other side 

Muftctea producing die mavejn^nis ^ " 

Longus capitis mid Rcclus capitis anterior* 

Recti capitis^ pwtcriorcs major et minor. Obitquus superior 
bemjspmaljs capitis, bplemus capitis, and Trapczitii (upper fibres! 

Laltral Jfwrwjfl.—Rectus capitis lateralis, Semispinatis rapitU Splcnius 
capitis, Slcmockiidomisioid anti Tr4pcKiuB (upper fibres), ’ 

* Fw d<rt4uLi h\, J. K. CbVc, 7. Anal. 6S, 14J34, 


I'liE costovertebral JOIN'rS 


47« 


2. Tm LlGA^^lKNTa CONNECTIKC TtlE ASIIS VVmi TIIE OCCP^ITAX llONE 
Mcmbnina KCioiia* Two alar. Apical ligamcrni. 

The nurinbrana icctoria (figA. 494, 495) ia sitimicJ within llie vertebral canal. 
It is a broad, stmng band, which covera the dens and its ligamcrus ^nd appears to 
be a prolongaiion upwards of the posterior longitudinal Hgatnent of the vertebral 
column. \X coftaisis of euperficial and deep lamellae, both of which are auached 
below to ihc posterior surface of the tMjdy of the asia. The superTicial lamella 
expands as it ascends and is aUached above to the upper surface of tlic basilar part 
of the occipital bnncp in from of the fc rumen magrmrru blending with the cranial 
dura mater, 'rhe deep lamella consists of a ntc^iian band which extends to the 
bnsilar part of the occipital bone and two lateral bands which ascend on the media! 
sides of the atlanto-occipitaj joints to the nvargins of the foramen inagpum. 

The afar (hg, 494) arc twti strong, rounded cordSp w-hleh axifie one on 

e*ch side of the upper part of the dens, and pairing obliquely upwards and latcratly, 
arc inserted into rough impressions on the medial sides of the condyles of the ciceipi- 
tal heme. The akr ligaments arc relaxed on extension of the head but becotne 
taut on flexion and help to limit the movement. They are so disposed that they 
would render free rotation of ihc head impr^ible, were it not for the fact that the 
movement ni rotation is accompanied by a slight descent of the alias (p. 470)- Thia 
descent causes suhicEcni relaxation of the alar ligaments to compensate for the ten¬ 
sion bniught about by rotation. Roiutinn to the right is eventually cheeked by the 
tcnsifirt id those fibres of the right alar ligament which are aUachctI tu the dens in 
fn>nt of the axis of movement, and by tension of those; fibres of the left alar ligament 
which are attached to the process behind the axis of movement Rcatatioii to the 
left is checked In the opposite fibres on each side. 

The apical ligamcnl of the dens (fig. 495), which extends from the tip of the 
process to the anterior margin of the foramen magnum, lies between the ular liga¬ 
ments. being inTimatcly blended with the deep portion of the anterior ullanto- 
uedpitaJ membrane and with the uppyr longitudinal band of the micifortn ligaitieiit 
yf tin? atlas. It is regarded as a rudimentaty intervcrtebrjl disc, and may contain 
traces of the n^ltQchord in its substance. 

It must Ite remembered that, in addirion to the ligaments which unite the atlas 
and axis tn tile skullt ^hc ligamcnium nuchw Ip. 464) connects the cen ical vertebne 
w 4 th the cranium. 

Applied Atuitomyu —Disiocatian of the atlas from the axis, with rupture of I he 
trims verse ligament uf the alia* siul injury tu the spinal medulla, i* the 

mfiiJe in w luch death ia produced in rrmny esses of execution by hanging. l Eanging 
may howev-er pn>ducc a fracture through the axis^ or a separatiijn thn-ju«h the diftc 
between the axis and the durd cenical vertebra. Following infective condiliuns of 
the pharynx or in its vicinity^ the crucifoim ligament may become softened and 
occasionally a pithological dJslocatinn uf the ados on the asL may refiuh. 


THE COSTOVERTEBR.^L j 01 NTS 

The articulations of the ribs with the vertebral column may be divided into two 
sets one connecting the heads of the ribs with the bodies of tlic vcFtehrji, the other 
uniting the necks and tubercles of the ribs with the transverse processes. 


i. The JaSNTS of tiir Heaps of the Ribs [fig. 496^ 

These arricuktions constitute a series of plane jointSH lliey are formed by the 
articulation of the heads of the tv pical ribs with the facets on the contiguous margins 
of the ht>dic3 of the thoracic vertebnu, and with the intervertebral discs between them. 
The first, tenth* eleventh* and twelfth ribs each articulate widi a single vertehm ; 
In each of the other joints, an intra-articular lipment divides the joint cavity into 
two dlfltincT parts. The ligaments of the joints are 1 

Art icu lar capsule. Radiate. I m ira-art icukr. 

The fibrous capsules cuimcct the heads of the ribs with the circumferences 
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SujufHor arfitMlaf prPfMI 




of the AnScttkr cavities formed by the ifitcrvcrtcbral diset and the adjacent vertebra. 
Same of tiicir upper fibres pass through the intervertebral foramen to the back of 
the intcrventbral diaCn Avhile the pasicnor fibrTL-s are ocmtinuoiis with the costo- 
traiLBvcr^ ligament. 

'^J^he radiate Ugamcat connects the anterior part of tlie head of each rib with 
the sides of the bodies of two vertebtret and the intcn'ertebral disc bet^veen them, 
[t is attached to the anterior part of the head of the ribf Jiist beyond the articular 
surface. The superior fibres ascend and are connected w'ith the body of the vertebra 
above; the inferior fibres descend to the body of the vertebra bejow ; the middle 
fibres, thc snialleai and least distinct^ are horiscontal and artached to the iniervertebral 
disc. 

In the articulation of the first rib, the radiate ligament is aitached to the body of 
the Iasi ccndcal vertebra, as well ^ to that of the first thoracic. In the articulations 


F co«t0V4*rtebrat joints. Rt^hl an to rl (mm [era I In iht: Inunt joint 

ihowii TTvOSt of the raduite linamcnt and the onierior ttnrt of the head of the 
rib hove been cxdfed to fchew the tww jo ini cavities and the intru-anicidur 
li^simcnt between tiMfn. 
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of the tenths eleventh and twelfth riba^ each of which articulates with a single verte¬ 
bra, the radiate ligament is connected! to the vettebm with which the rib articulates^ 
and also to the vertebra immediately above it. 

The intra-articuiar ligament is situated in the toterior of the Joint Ii canaists 
of a short band of fibreSp fattened from above downwards, attached laterally to ihc 
crest separating the two articular facets on the head of the rib, and medially to tlie 
intcrtcrtebral disci it divides the joim into two cavities. In the joints of the 
first, tenth, eleventh and twelfth ribs, intra-articular ligamcnti da not exist" 
consequently, there is but one cavity^ m each of these articulations. * 


2, Tm Cq^totransversr Jcunts {fig. 497) 

The articular portion of the tubercle of a rib forms a plane joint with the trans- 
veisc process of the vertebra to which it coiresponds numerioiily. In the eleventh 
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and twelfth rib» this articulation ia wanting. In the upper six (or five) joints the 
arti^lar ttfrfitC£S are redprocaUy curved^ but in the lower joints the aurfacca arc 
fattened (p. a6o)* 

The ligaments of the joints are t 

Articular capsule* Coaiotraftsverse, 

Superior costotransverse- Lateral costotranaveraep 

The fibrous capsule is a thin membrane attached to the circumference of the 
articular surfaeesp and lined with synovial mcrabranc. 

’Hie superior costotransverse ligajncnt comprisca an anterior and a posterior 
layer* The anterior fibres are attached below to the crest of the neck of the rib aod 
upwards and laterallv to the lower border of the traivsverse proc:e33 immediately 
above (fig. 49^). Latermlty they are contirLuous with the fibres of the internal 
intercostal menthrancp and they are ciusscd anteriorly by the cOTresponding 


Fit, 4[|7,—The ccitovfiftebfal joiTitft, viewed fram Rl»ve. 
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intercostal ve»eU and nerve. The posterior fibres are attached la the posterior sur¬ 
face of the neck of the rib and run upwards and medialty behind the anterior fibres 
to reach the transverse pnxasa immediately above, Ijicrally tliey are related to 
the external intercostsJ niaselc. 

The first rib has no superior costotransverse ligament, TTw ncek of die twelfth rib 
M connected to the base of the transv-cjar process of the first lumbar vertebra by a band 
of fibres, nwned the lumbototlat ligamefit ; it is in series with the superior Ct»to- 
transvcTsc liRsnirnts, 

An additional ligainentoiis band is usually present, although it w Bomewhoe variable 
in its disposition. It ia attached to a depression above and medial to the tuberale of the 
rib and. passing media) to the superior costormnsverse ligament, itieschcs the back of 
the inferior articular process, often sending a few fibre* upwards to the baw of the 
transverse process, Thiwigh the interval between this band and the medial border of 
the superior eustotransverse ligament (fig, +9^)i the dorsal nutms of the eorresponding 
thoracic nert'e run^ backwantb with its *ccompan5''io(T vcMcb. 

The costotransverse ligament consists of short but strong fibres, connecting 
the rough surface on the hack of the neck of rib w ith the anterior surface of the 
adjacent transre tse process, A rudimentary ligament may be present at the eleventh 

and twelfth ribs. , 

The lateral costotransverse ligament is a short, thick, strong fasaculua, 
which passes obliquely from the apex of the transverse procesa to the rough non- 
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articular i>ortioii of the tubercle of the rib. The tisamcnia attached to the upper 
Kha aacend from tJ« trafwverae processes; they arc sharter and itiore oblique 

than those attached to the lower riba, whkh descend 
slightly. 

Movements.—The heads of the riba are so 
closely connected to the bodies of the vertebrae by 
the radiate and tntra-articular IlgarncntE that only 
slight gliding movements of the articular surfaces 
on one another can take place. Similarly^ the strong 
Hgaiiienta binding the necks and tubercles of the 
ribs to the tmnsverse processes limit the mOA-e- 
ments of the costotransverse joints to slight gliding, 
the nature of which is determined by the shape and 
direction of the articular surfaces (Bg. 498}. The 
articular surfaces on the tubercles of the upper six 
ribs are oval in shape and convex from above 
downwanls; they fit into corrcspondijig concavities 
on the anterior surfaces of the transverse proccaseSp 
so that upward and downw-ard movements of the 
tubercles arc associated with lotatEon of the rib^ 
neck on. its long axis. On the seventhi eighth p 
ninth and tenth ribs the articular surfaces of the 
tubercles ore flat» and face obliquely downwards^ 
media Hy and backwards. The surfaces with which 
they articulate are placed on the upper aspecis 
of the transverse processes; when, therefore, the 
tubercles are drawn up they are at the same time 
carried backwards and medially. 'I'hc Joints of the 
heads of the ribs and the coalotranisverse joints 
move simultaneously and in the same direcrions^ 
the total effect being that the neck of the rib mov^ 
as if on a single jouitp of which the two articula¬ 
tions form the ends. In the upper six ribs the neck 
of the rib moves but slightly upwards and down¬ 
wards ; Its chief movement is one of rotation round 
its owtt long axiSj rotation downwards of the front 
of the neck of ihir rib being associated with 
deptesaion, rotation upwards with elevation of the 
anterior end of the rib and its costa! cartilage. In the sev^enth, eighth, nuiih and 
tenth ribf the neck of the rib moves upwards, backwards and medially, or down¬ 
wards. foHiVards and laterally, with resultant increase or diminution of the 
infraatemal angle; very' slight rotation accompanies these movementa. 

MuseKcs producing the movements-—These ate discussed with the move¬ 
ments of respiration (p. 588). 


THE STERXOCOST.AL JOINTS (fig. 409) 

The first costal cartilage is directly united to the sternum by a cartikginaufi 
joint. The cartilages of the remaining true ribs usually articulate with the sternum 
by sjmoATaJ joints^ The articular cavity iSp however, frequently absent, panicularJv 
in the lower memhe rs of this series of joi nts. The articular su rfaces are covered with 
fibroautiliigc which also unites the costal canitages to the siemutn when joint 
cavities are absent-* 

The ligaments of the synovial joinu are: 

Articular capsule. Intra-articulat. 

Raduue stemocostaJ. Costoxiphoid. 

The fibrous capsules surround the joinU between the »temum and the 
cartilages of the ribs from the second to the seventh tndusivc. They arc very thin, 

* I>. h Grty ind E. D. Gardner* 87, 1^43* 
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intimately hiended with the stcmwostnl lig^menia, and strengthened at the upper 
and lower parts of the articulations by a few fibres w^hich connect the caitiLagea to 
the aide of the sternum. 

The radiate sternocostal Jigameats are broad^ thin, membranaua bands w^hich 
radiate frmn the front and back of the stenial ends of the cartihigcs of the true ribs to 
The anterior and poaterior surfaces of the stemum. Their superficial fibres inter^H 
mingle with the fibres of the ligaments above and below them, witli tho$e of the 
opposite side, and on the front of the sternum with the tendinous fibres of origin of 
I he pcctoralis major^ forming a thick fibnnis membrane which envelops the bonCt 
an<l is more distmet at its lower part than at its iippcr part. 

The intra<articular ligaments are constantly present only between the second 
tYjstal cartilages and the sternum. The csrtibge of the nb is connected with 

the sternum by means of an intra-atticular ligament, attached Jatcially to the 
cartilage of llic rib, and mcdiiLly to the fibrocartilagc which unites the manubrium 
and body of the sternum. Occasionally the cartilage of the third rib is connected 
with the hrei and second pieces of the body of thu sternum by an ititra-artieukr 
Ijgameni. Fibrocartibginous strands connecting the articular surfaces are fre¬ 
quently present in llte I h ird and succcedi ng jobiis of t he sc rits. .\bsencc of articular 
cavities between the cofttal cartikgts and the sternum may he found at all 
ages. 

The costoxiphoid ligaments connect the anterior and posterior surfaces of 
the seventh costal cartilage, and sometime those of the ^ixth^ to the front and back 
of the xiphoid process* llicy varj' in length and breadth in different subjects ; 
those on the back of the joint arc less distinct than those in front. 

Movements.—Slight gliding movements are permitted in the stcmocostid 
joints. 


The Imthchondral Joints (fig. 499) 

'llic contiguous borders of the sixth and seventh, the seventh and eighth, and 
the eighth and ninth costal cartilages articulate with each other by small smocHh, 
oblong facets. Each articulation is enclosed in a thin flbrim lined with 

synovial membrane and strengthened laterally and medially by interchoadr^i bgn- 
mrtttr, vvJiich pass from one cartilage to the other* Sometimes the fifth costal 
cartilages, more rarely the ninths articailaic by their lower bordera with the adjoining 
cartilages by emalh oval facets ; more rrtqiicntly the connexion is by a fmv liga- 
mentnus fibres* 


Tk£ Co^tochonoral Joints 

The lateral end of each eostnl cartilage is received into a depression in the sternal 
end of the rib, and the tw-o aie envclof^ by the perifjsteum* 


The i^TEiLSAL Joints 

The manubtiostemal join!.—In the majority of cases the joint between the 
manubrium and the body of the sternum is cartilaginous in character, the bony sur¬ 
faces being coated with hvafine cartilage and connected by a disc of fthrocartilage, 
which may become ossified in the adult. In nitber more than thirty per cent, nf 
subjects the central part of the disc undergoes absof|Hion and the joint is converted 
into a synovial one. l‘he two segments of the bone are also con nected by the fibrous 
membnLnc which envetops the bone. 4 . ., 

The xiphisternal joint*—I'he joint between the xiplioid process and the btjdy 
of the sternum is also a secondary cartikginnus joint* but it is usually converted 
into a synostosis by the fifteenth year. 


Tfre Mechanism of the Thorax 

Each rib possesses its own range and variety of movcmrtiui, but the movements 
of all am combined m the respiratory excursions of the thorax. Each rib may be 
regarded as a lever* the fulcnam of w hich is situated immediately outside the costo* 
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transvcxsc articulation, so ihat when (he shaft of ihe rib U olcvatied. the neck i« de¬ 
pressed, and vict I'ersa ; from the disproportion in IcngUi of the ttmu of the lever n 
slight movement at the vertebral end of the rib is greatly magnified at the anterior 

extremity. , . , - ■ 

Thu anterior ends of the ribs He on a lower plane than the postenori anti, 
therefore, when the shaft of the rib is elevated, the anterior cstremity is also thrust 
forwards. .4gain, tlie middle of the shaft of the rib lies in a pliine below that passing 


Fro. 459.—The sietiKSOWitst and interehontlnl joioti, viewed from in front. 







thrtmgh the two extremities, w thit when the b elevated rclati^iely to its ends 
it at the same time carried outwards from the median plane; hirther, each lib 
forma the segment of a curve which i& greater than that of the rib ImuiediatcLy aboves 
Therefore the elevation of a rib increases the transverse diameter nf the thorax m 
ihc plane to which it b raiBcd, The modifioitions of the rib movements at their 
vertebral ends have already been described (]?* 474)^ Further modihcatioiu result 
from the attachments of their anterior extremities, and it is convenient therefore to 
consider separately the movements of the ribs of the three groups—^^^verfebroaiemalp 
vertebroebondraJ, and vertebml. 

Vtrtthrostertfat ribs (%. 51^).—The first rib dUlers from tJie others of thU group 
in that ita attachment to the sternum is a rigid one i this is countcr-balaiiced to 
some eiieni by the fact that its head possesses no intra-articular ligament, and h 
therefore more movable* The first pair of ribs with the manubrium stemi move as a 
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single pitcCp the anterior portions elevated by rotatory movements at the 

vertebral extremities. In normal quiet Tespiraiion the movement of this are is 
practically nil \ Avhen it docs occur the anterior part is raised and carried fenvartbp 
increasing the anteroposterior diameter qf this region of the cheat. 'I'kc moyement 
of the second rib is alk> slight in nomaal respiration^ as its anterior extremity is fixed 
to the manubriump und therefore prevented from moving upwards. The sterno¬ 
costal articulation^ however^ allows the middle of the sliaft of die rib to be drawn up, 
and in this way the tranfiverse thnracic diameter is increased. Elevation of the third, 
fourth, fifths Md sixth ribs raises and thrusts foru'ards their anterior extremities, 
the gftaicr part of the movement being effected by the rotation of the rib-neck back¬ 
wards. The thrust of the anterior extrciniticfl carries forwards and upwards the 
body of the sternump w^hicli moves on the joint between it and the manubrium^ and 
thus the anteroposterior thoracic diameter ts Lncrcascd. I'hia movement, how-cverp 
is soon arTcated, and the elevating force ts then expended in raising the middle part 


FttJ. 5«.—A Ui 4 Rrain ihnwing the BWM 
qf mmrfuefvt (ao and CU) of • verte- 
broatcfnal rib. The interrupt«l hn« 
indicate the porititin of me rib in 
inspiration. 


Fig. SPi.—A dia^m showinR the axe* 
of Hf>o>Tfncnt (ab]i of ■ Ycrltbro- 
chottdfil rib. Ttw sntemiptcd lin« 
indkace the porition of the- rib In 

inapirtLtion. 



of the shaft of the rib and everting its 1 «vcr border I a< ihe same time the costo- 
chondnil angle is opened out. By these latter nanvements s conaiderable tncrease 

in the trsnsveree diameter of the tho^ is effectw. t j j .-.t. >1.:. »»».» 

VerUbrothoMribs{&g, 50i)‘-The included twth this group 

as it confonns more closely to their type. While ^e movements of th^ ribs assist 
in enlarging the thomx for respiratory purp^ they are also conoemed m incmas- 
IJ. U.. V, .1^ ii>r 



limited on account of the v«y slight rotation of the rib-nedt. Elevation of the shaft 
is accompanied by an outward and baciwTird nmvefrant t ^ outwaro movement 
everts the anterior end of the rib and opens up the infracostal angle, whde il« back- 
ward movenient pulls back the anterior extremity and c^nteracts the TOrward 
Ihnist due to its clcv atioo; this latter is most tioii«able m the bwr r»bs. which are 
the shortest. The total result U a comiderabk iMRa« in the trarwveiw and a 
diminution in the median atiteroposteriof diameter of tlie upper part of the ^d^ 
men; at the same time, however, the lateral anteropoatenor diameteis of the 
abdomen are increased. 
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Vffrt^rai Sipjce these riba have free anterior extremirica and only costo¬ 
vertebral artimljitions with no iiitia-arricular ligaments, they ate capable of alight 
movemenfs in alJ directions. When the other ribs arc elevated these arc depressed 
and fixed to form points of action for the diaphragm. 

Muscles producing the movements.—I'hcse are discuased with the move^ 
merits of respiration [p, 5SS). 


ITfE jOlNTS OF THE L PPER LIMB GIRDLE 

L THE STERJ^OCLAVICULAR JOINT Cfig. 502) 

The parts entering into the fom^tbn of die sternodavicular joint are the sternal 
end of the elavicle, the davtcukr notch of the manubrium stemi, and the carriage 
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of the first rib* ^Fhc articular surface of the cbvicle is much larger than that of the 
sternum p and is covered with a layer of fibrocititilagie which is considerably thicker 
than that on the sternum. It is convex in its ^^crricd diameter, and slightly concave 
antcroposteriorly. The clavicular notch of the sternum is reciprocally curved, but 
the two surfaces are not perfectly congruent ^ the joint cavity b completely "sub¬ 
divided by an aitictiJnr disc, 

Articiiljr capsule, InterdavicuJar. 

Anterior stemoclavicukr. Coatoclaricubr, 

Posterior atcmochiHcular. 

The fibrous capsule surrounds the aniculation i In front and behind, it b 
of considerable thickness, but above, and cspcciaUy below, it h Uiin and pakaki^ 
more of the character of areolar tissue than of true fibrous tisane* 

'Fhc anterior sternoclavicular ligament b a broad band, coii’ering the anterior 
surface of the joini ; li b ntmehed atrave to the upper and front part of the sternal 
end of the clarielc, and, passing obliquely downwards and medially^ is attached 
below to the fraiit of the upper part of the manubrium stemi. 




THE ACROMtOCr^WICULAR JOINT 479 

Tlie posterior stemocJavicuIar ligament Is a wfiater band which oovera the 
posterior aspect of the joint. It is suiached to the posterior aapcct of ihc sternal end 
of the daviek and passes obliquely dotmwards and mtdlaJty to be attached to the 
back of the upper part of the manubriom &terni. 

The inlerclavtcular ligament is continuous abos^e with the deep cervical 
fascia ; it passes front die upper part of the sternal end of one clavicle to that 
of the otluT^ but gives some hbrea to the upper margin of the manubrium 
stemi. 

Tlic costoclavicular ligament is short, flat^ stroog^ and rhomboid in fono. 
Attached below to the upper surface of the canilsge of the first rib, ii is fijted above 
to the impression on the under surface of the medial end of the clavicle. The 
anterior Bbres arc directed upwards, backwards and laterally^ the prjsl trior fibres 
upwards, backwards'and medially (fig. 502). 

The articular disc is fiat and ncaiiy dreutar, and is interposed between the 
articulating aurfacca of the stemuin and davicte. It is attached, abovc^ to the upper 
and posterior border of the anicular surfat^ of the clavicle ; be!ow% to the cartilage 
of the first rib, near its junction with the sternum ; and by the rest of its drcujn- 
fcrencc to the tibruus capsule. It fs thicker at the circumference—Hsspccially at 
its upper and posterior part—than at the centre^ and divides the jomt info two 
cavities. 

The iirterm supplying the joint arc derived from Lhe internal thoracic anti 
suprascapular arteries ; the wmrj* from the notcricirsupradaviculur nerves and the 
henx to the subeJavius musek. 

Applied Anut^my .—The itnuij^h of this joint defends Upon its lignmvnts, and 
espcctdly on the ardculnr di$c. It is owing to these, imd to the ^efc rhat the force of 
the blow h tisuahy transmitted along the long axis of the clavicle, that didocation 
rarely occurSi and that the clavicle is broken mtherfhan displaced. Dislocation may he 
either forwards, backwatds cr upw ards. Should the clavicle be displaced backwards 
k may cause pressure on the trachea and great vessels of the neck. Owing to the shape 
of the articolAr surfHCes, ond the face that the strength of the joint mainly depends upon 
the ligaments, tisc dispiacement when reduced is very liable to recur. 

The joint h the fulCTuitl for the leverage exerted by the trapezius on the clavicle in 
clcv-aiiun of tile shoulder, if tlic joint h unstable, aa the tcsult of a dialocetion^ the 
effectiveness of the muscle is appreciably dEminished. 


IL THE ACROMIOCLAVICULAR JOINTH (Plate VJ} 

The acromiodaviLubr anltulatinn (hg. 506) is a plane Jolui between the acromial 
end of the clavicle and ihc medial margin of the acromion of the iscapula. 'I'he 
ariiculiir of the acromial end of the davide is covered with fibrocartilagc, 

and forms a narrow', oval area, which Is directed downwards and bierally so as m 
overlap the correaponding area on die medial border of the acromion. The long 
axis of the joint lies in an antemposlcrior phne. Is ligaments are : 


Artioilar capsule. 
Acromioda vi cuJar. 


„ 1 ' 1 iTmiJczoid part. 

part. 


'rht fibrous capsule completely surrounds the articular margins, and is 
strengthened above In' the acromiodavicuhr ligament. 

The acromioclavicular ligament is a quadrilateral band, covering the superior 
part of the joint, and extending between the upper part of the acromial end of the 
clavicle and the adjoining part of the upper surface of the acromion ; it is composed 
of parallel fibres, which interlace with the aponeuroses of the trapezius and deltoid 
muscles. 

An articular disc is Usually found in this joint \ when present, it occupies the 
upper part of the axticulatiEjn, and only partially separates the articular surfaces. 
More rarely^ it divides the joint cofupletcly intoj two cavities. 

The coracoclavicular ligament (fig* 50;^) connects the cluvick with the 
coracoid process of the scapu la. 11 docs not p roperly belong to t he acromioclavicular 
joint, but is usually described with it since it fomts a nuiat efficient means of pre¬ 
venting the clavicle from losing contact with the acromion. It CEjrsists of two parts, 
viz* trapesoid and coK^id^, w'hich are usually separated by a bursa. 

The trapfzaid part^ which forms the anterior and lateral fasciculusp ts broad^ thin. 
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c|UJii!ribtcr^. 1 e b below« to the u ppe r surface of the comcoi d p racesf \ 

above^ tQ Ehe trapezoid line nn ihe under surface nf the davidc. The ligament runi^ 
almost horizontally, [ts anterior border is free l its posterior is joined with the 
conoid part, the two formings by tbeir Junction^ an angle projecting lKickwar<b« 
'['he cottoid pari, which forma the poRterior and media] fasciculus^ is a dense band 
of bbrea, tnanguUr in fomi^ Avith ita base directed upwards. Jts apex is attached to 
the rnedial and posterior edge of the root of the coracoid process just in front of the 
scapular natch ; its base is fixed to the conoid tuberclir on the under isurface of the 
davidc, and to a line proceeding medially from it for a ahort distance. 

The supplying the acromioclavicular joint are derived from the supra¬ 

scapular and thoraco-acromiul arteries ^ the iimfts from the suprascapular and 
lateral pectoral rtcrA^cs. 


Frc» 503.—The right shoulder joint. Anterior upecl. 



Movements of the shoulder girdle.—llie mavements which occur at the 
stemodaviculor and acromioclavicular joints are always associated with movements 
of the scapula, and movements of the scapula are usually, though not mvarkhly, 
asaodated with movements of die humerus at the shoulder joint The rnovements 
of the scapula and dbvidc prr le are of academic interest only, but they arc of great 
practical importance when they arc considered from the point of view of their rela¬ 
tion to the mov'emcn^ of the humerus The student, therefore, is advised to keep 
this in mind when reading the following paragraphs, and, on their conclu^on, he 
should Eum to the paragraphs dealing with the movements at the shoulder joint 
itself (p. 4S6). 

The acromioclavicular joint allows the acromion to glide fontm^ds and back¬ 
wards, and to rotate upwards and downwards on the davidc, but the range of these 
scapuhr movements is gready increased by associated movements which occur at 
the ficmoclavjcular joiiu at the same time. The analysis of ail these movements can 
be effected by a study of the movements of the scapula^ 

The following movements of the scapula are permitted ; (i) elevation and 
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depression ^ {2) fonvard and backward mov-cment round die chest wall i (3) rota- 
don fowards (or upwards) and rotation backw-ords (or dot^nwords). 

(i) £:fnmiion or depmsim of tht scapula^ c.g. shrugging of the shoulders, doiw 
not necessarily imply any corresponding movement at the ahonlder joint, 

(a) During elevation only a slight degree of angular movement occurs at the 
acromioclavkular joini, but the sternal end of the clavieJe, which moves round an 
anteroposterior axis passing through the bone above the aTtachment of the medial 
end of the cosiocjavicular ligament, rotates downwards over the surface of the 
articular disc. This movement at the stcmocbvicular joint is checked by tension of 
the antagonii^t nmsclcs^ the cfistoclavicular ligament and the lower part of the cap¬ 
sule. It is brought about by the hap^^'iis {upp^rfihr^t) and the Imaiitr SiapuLr, and, 
as these muscles tend to rotate ttic scapula in opposite directions, a pure upward 
movement is eiTected. 

{^) In the reverse movement a little an^lar movement occurs at the acromio* 
clavicutar joint, but at the sternoclavicular joint the clavicle rotates npw'^s rds on the 
disc, and this movement is checked by tension of the antagonist muscles, and by the 
intcrclavicular and sternoclavicular ligaments and the articular disc* As a rule this 
movement is earned out with die hdp of gravity, hut it can \k performed actively 
by the ^erratus unferior {hti-er Jibffs) and the pf£ioraiis rnmor. 

fz) (^i) Fomard of ifia ssapula round the chest vrall occurs in aU for¬ 

ward-pushing, thrusting and punching movemems, and it is usually aceompanicd 
by Mme degree of forw^ard luiation. *l'hc aonomion moves fonvatds over the 
clavicular facet to the limit of its range of movement, and ai the same tinte the point 
of the shoulder is advanced further by a forward movcnwni of the lateral end of the 
claviclCi This forward movemen t is associated with si buckvi'ard swing of the sternal 
end of the bone, w hich moves baekirards over the steniAl facet, carrying the articular 
disc with iL 'rension of the antagonist muscles, of die pusierior sternoclavicular 
ligament and of the posterior fibres of the cost^xIavicul□^ ligament checks this 
backwArvI movement. The srrratus antmor and the ppflorniif minor are the prime 
movers, and ihifi combination ensures the continuous apposition of the medial 
border of djc scapula with the chest walk In addition, the ' strap ‘ effect of the 
upper fibres of thebdssimus dorsi keeps the inferior angle in close contact with 
the ribs* both in this Tnov'ement and in forward rotation. 

(A) In ba^ktvard motvitifiti 0/ the s£*ipiilti, such as occurs when the shoulders arc 
brattd back, rhe reverse movements take place and they are checked at the stemo- 
clavicular joint by tension of the anterior sternoclavicular ligainent and of the 
anterior fibres of the coscoclavjcular ligsmemH \\"hcri it Is carried out actively or 
against resistance, the impe^tia and the rftrimboid mmdri ar^ the prime movera. 

It may l>e noted here that when force is applied at the extremity of die out¬ 
stretched arm, c.g. by a fall on the hand, the pressure transmitted to the glenoid 
c*vi t>' tends to drive the Roping acromial facet below the acromial end of the clavicle* 
but at the same time it causes tension of the irapcifold ligament, which serves to 
resist the displacement. 

Cj) (^) ForzL'md rowim of thes£<^puht sei^ges to increase the range of moveniCEit 
of the humerus, by turning the bone so that The glenoid cavity faces almost directly 
upwards—the position W'hidi It assumes when the arm is raised above the head. 
I'hls movement is always associated with some degree of elevation of the humerus 
and is iiccompanicd by some fonvard movement of the scapula round the chest wall. 
The acromial facet rotates upwards on the clavicle and at the same lime the point of 
the shoulder is raised. The rotation results in tension of the conoid ligament at a 
relatively early stage and thercaficr the clavicular attachment of the ligament appears 
to scn’c 03 ihc centre around which the subsequent movement takes place. Thus 
throughout the greater pare of thcmovemcni the conoid ligament is kept taut and it 
helps la bring about the upward totation of the clavidc around its long axis wdiich 
occurs in the later stages of clc^iitton of the arm above the Jiead. This rotatory 
rno^ ement of the cbvide id Limited in extent (40^-45^ •) and ts checked by the len- 
&iun of the ttrticuLir disc, the stcmoclaviErular capsule and the costoclavicular liga- 
menu " 

In this Important movement the impt^zius and the serreiftu antrriar arc the prime 
movers, 

* V, ‘1’. Inmin, h B. die C. M. Saunders and L. C. Abbnn, Itmif find Joint Shtp^ 
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(^) The opposite rotation is usually cffcctcrd under the iniluencc of gfuvilyp and 
the gradual relaxation of the tnipexius and semilxia anteriDr ia sudieEcnt to bKng it 
about. When it is performed aetivelvi the f«Yi/or icapuftt, the Thombotds^ and* in the 
mitinl stages at leastp tlie pritorahi minor are the prime movers ^ far as tlie acapuk 
is concerned. 

In all the movements of the scapula the luhclavitis ntus^i^ servea to steady the 
clavicle by drawing it medially and downA^arda. 

Attention should be drawn to the fact that mugclcB which are antagonists for one 
type of movement may ncvcrthclcsa combine togetlier and act as prime movers for 
another, for it is movements and not individual muscles that are represented in the 
motor cortex of the cerebrum (p, 1041), Thus the serratua anterior and the tra peaitis 
are cipposcd in fonvard and backward movements of the scapula round the chest 
waJl, but combine together as prime movers for forward rotation <if the bone. 


THE LIGAMENTS OF THE SCAPULA 

The ligaments of the scapula (fig. 503) are the coraco-acromiah and the transverse 
scapular. 

The comco-acromiaL ligament la a strong triangular band* extending between 
the DOracoid process and the acmmbn. Its apex is attached to the edge of the 
adronik>n just in front of the articular sitTface for the clavidc ; and its base to die 
whole length of the lateral border of the coracoid process. This ligamentp logct her 
with the CQ racoid process and the acromion^ forms an arch for the protection of the 
head of the humerus, [t sometimes consists of two strong marginal bands and a 
thinner intervening portion. 

When the p^toralls minor is inserted* as it is oceaabnaJly, into the capsule of 
the shoulder joint instead of into the coracoid processp the tendon of the muscle 
passes betW'een the two bands of die coraco-acromial ]igamcirLt+ 

The transverse scapular ligament converts the scapular notch into a foramen, 
and is sometimes ossified. [| is a thin and flat fasciculus, narrower at the middle 
than at the extretnitiesp which are attached to the base of the coracoid process and 
the medial end of the scapular notch respeetivdy. The supniacapular nvo e runs 
through the foramen ; the suprascapular vuasek cross over the ligament. 

A weak, membranous bami, often termed the ipinogIfrirAJ ligammt, stietchra 
from the lateral border of the spine of the scapula to the niaigiu of the glenoid 
cavity. It forms an arch under which the suprascapular nerve and vessels enter the 
infraspinous h^ssa. It is frequeotJy absent. 


JOINTS OF THE UPPER LIMB-I. THE SHOULDER JOINT 
(Plates VI and Vll) 

The shoulder joint {%». 503 to 507) is a halLand^socket joinL The bones 
entering into its formation are the hemispherical head of the humerus and the 
shallow glenoid cavity of the scapula, a construction which permits of very consider¬ 
able moveinent hut seriously affects the stability of the joint, StnictunUiy the 
shoulder joint k weakp rince^ for such strength as it posscBseSp it is dependent on 
the support given by the muscles which surround it and not on its bony conforma¬ 
tion or the presence of any strong ligaments. It is, however, protected above bv 
an ardip formed by the comcoid process, the acromion and the coraco acronual 
ligament. 

The itrfioilar surfaces are redprocdly curved, but as the head of the huments is 
much larger than the glenoid cavity only a portion of it can be in contact with die 
cavity in any given position of the joint. The glenoid cavity is deepened somewhat 
by a fibrocartilaginous rim attached to its margins and lerrncd the giemidal 
Roth articular surfaces are covered with a layer of hy-aline cartilage ; that on the 
head of the hume^ is ihtckesi at its centre and thinner pcripheiallv, while the 
reverse ia the ease Ln the glenoid cavity. When the arm is by the side'the anterior 
edge of the glenoid cavity can be represented on the front of the shoulder by a line 
3 cm, long, drawn downwardE from a point just lateral to the tip of the eotacoid 
process, 'rhis line* which should be very slightly concave bterailv, lips over the 
lower half of the joint, 


THE SHOULDER JOINT 
The lig]5£mciiEa of the articulation are: 

ArticuLirca^ult:. GlcfUjidal labrum. 

QjrauohumcraL Transvcfic hitmcral. 

I he fibrous Capsule (figs. 503, 504) envelops the joioi, and m attachedp 
Radially, to the circumference of the glenoid cavity beyond the glcnoidal labruni; 
aTOVCp It encroaches on to the mot of the coracoid process so as to include the oriidn 
of the long head of the biceps within the joint. UteraUy it in attached to the anatom- 
leal nock of the humerus, except on the medial side where it descends for rather 
moit than % cm. on to the shaft of the bone. It is so remarkiibly loose and lax that 
tile imncs may be separated from each other for a diistance of 2 or 3 cm-, an evident 
provision for the great freedom of movemeut which is pemiitltd at this articulation* 
Jt iJiuufd tf ihal this sefmatim can be mfy e/tfr the saffmar 
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pari 0/ ihr has been rthxed by some degree 0/ nbduefim^ I'he fibroiia 

capdulc i» strengthened, abovct hy the supraspiaatus; below, by the long head of 
the triceps; behind, by the tendons of the infraspinatus and tena minor; and in 
front, by the tendon of the subscapularis. The tendons of the subsespuJaris, supra- 
spiMtug, infraspinatus, and teres minor are aJ] more or less completely blended 
With the hbroiis capsule, and this arrangement increases the value of the support 
which they supply. The relatinnship of the long head of the triceps is not so inti¬ 
mate, fur it is separeted from the inferior part of the eapsulc by the iiillarv nene 
and the posterior circumliex humcni] vessels as they pass backvvards on leaving the 
axilla (fig. 507),^ It is the inferior part of the capsule, therefore, which is least sup¬ 
ported, and it b just this part vkseh is subjeeUd tc tht grtateit sttain, breutae it h 
stretehed tightly iitrttts tfu rounded kritd of the kunifrus »/«n the turn it abduettd. 

There are usually two, occasionally three, openings in tlie capsule. One, 
Situated antenorJy, belmv the coracoid process, estabJishea a communication be¬ 
tween the joint and a burea behind the tendon of the suhseapidaris ; anoEhcr 
placed between the tuherosiues of the humerus, gives passage to the Jong tendon of 
the biceps and its synovial sheath j the third, which is not constant, is at the posterior 
part, between the joint and a bursal sac tinder the tendon of the infraspinatus. 
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'l*hrcc supplcmcfiul bEiJid&(fie. 506) nnmc^ tlw ^/rW/w^wra/ »tTcngth«i 

tht cApstile. These mre best seen by opening the joint frtMn behind suid njino^'ing 
the held of the humerus. Al their scApulur ends they ue ill nttiehed to the upper 
part of the medial toarsm nf the gleiwiid cavity and Are intima^ly connected with the 
giertDidal labnim. The superior bond passes aiciiig the medial edge of the tendon 
of bicepi and is Attached to 0 small depression abave the lesser tabcmiMJty of the 
homenjs : the middle band reaches lo the lower part of the Ics^r tuberosity ; the 
inferior band extends to the lower patt nf the anatomtcal nvck of the humetui- In 
idflition to these, the capaule is strengthened in front by two bonds» one derived 
from the wndon of ihe pe^oralis miyor, the tirher from the tendon of the teres major. 


Fic. 505.—An obliquely cerociMl sectidn ihroujdi the left shoulder and shoulder 
joint, dissected nfler removal of the upper Umb^ 


'llie arrow points ta the depcTidcniL purl of the articular capniW. 
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^rhe synonat mtmhranf lines the inner surface of the fibrous capsuk, and 
covers the lower part and sides of the ACiatoinieAl neck of the hnmerug as far as the 
articular cartilage on the head of the bone. The tendon of the long head of the 
biceps passes through the joint and is endosed in a tubular sheath of synovial 
mcmbranCp which is continued round the tendon into the bicipital groove as far as 
the surgical neck of the humerus (figs. 503^ 504). 

The coracohuiiictal ligament (fig. 503) is a broad band which atrengthens 
the upper part of the capsule* It is attached to the lateral border of the root of the 
coracoid process, and passes obliquely downwards and laterally to the front of the 
greater tuberosity of uie bainenis+ blending wHih the tendon of the supraspinatus. 
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The posterior ai>d lower border of the Hgamerit h united to the fibrotut capsule ; 
it3 anterior and upper border h free, and overlaps It. 

The transverse humeral Ugamcnl (fig. 503) is a broad band passing from the 
lesser to the greater tuberosity' of the humerus ; it converts the bSdpitd grooi-c into 
a canal, and its attachment lies above the epiphysial line, "rhe transverse humeral 
ligamrni fiincmns aimply m a relinaculum for the tendon of the long head of 
the biceps muscle. 

The glenoidal Inbrum (fig, 5^5)18 a fibrocartilaginous run attached round the 
margin of the glenoid ca^dty. Jt U triangular on section, the base being fixed to the 
drajmfettnee of the cavity, whHe the free edge is tlim and sharp. It is continuous 
shove with the tendon of the Jong head of the biExps, which gives off two Fasciculi 


Fia IntcriDr of the right ^hoaldcr joini. Viewed fran the antcru- 
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to blend with the Hbroiis tissue of the htbnim. It deepena the articular cavity^ and 
protects the edges of die bone, its attachment to tlie margin of the glenoid cavity 
is sometimes deficient in parts, and a small fringe of the synovial membrane 
occasionally protrudes through the gap. 

Bursae.—^'Ilic bursar in the neighbourhood of the shoulder joint arc the follow¬ 
ing J (i) one bctwwn the tendon of die subscapularis and thejoint-capsult (fig. 506) : 
it communicates with die joint cavity through an opening situated between the 
superior and the middle glenohumeral ligaments^ (2) one is sometimes found between 
the tendon of the infraspinatus and the capsule; it occasionally opens into the joint; 
(j) the fui>aiTOmiaI hursa (fig, 505), lies between the deltoid and the capsule ; it does 
not communicate with the jointr but is prolonged under the acromion and coraco- 
acromkl ligament, and intcrfcenw between them and the supraspinatus ; (4) one on 
the upper surface of the acromion ; {5)one is frequently found behveen the coracoid 
process and die capsule^ (6) one somedmes exists behind thecoracobtaehmiis; (7) one 
between the teres major and the long head of the triceps , (8) one in front of, and 
another behind, the tendon of the larifisiimis domi^ 

The mus^Us in relation w-fth the joint aje, above, the lupraspinatux ^ below, the 
long head of the triceps i iu front, the subacapularis ; behind, the infraspinatus and 
teres minor ; within, the tendon of the long head of the biceps. I'bc deltoid covets 
the joint in front, behind and laterally (fig, 5^5)' 

The arterial supplying the joint arc derived from the artterior and posterior 
circumflex humeral, and suprascapular arteries. 

The nares of the joint are derived mainly from the suprascapular, axil Ian' 
and the lateral pectoral nerves. The suprascapular supplies the superior and 
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posterior parts of the irticular capsuk, ihe axillary^ the inferior and anlerior parts 
and ihc lateral peelorol the anterior and superior par^-* 

Movements.—Tlic shoulder is a ball-and-soekei jointr and there fore is cipabie 
of flexion^ extensinn, abduction, adduction^ drcunKluction and rotation. The 
laxity of its articular capsule and T he bi^e size of the head of the hun^crus com pared 
with'that of the shallow glenoid cavity give to the shoulder a wider range of move¬ 
ment than is posaihle at anv other joint- 

When the movements at the shoulder joint are being ana^t)^. the humems 
Bbould be considered in its relationship to the scapula and not in its relationship to 
the sagittal and coronal planes of the trunk When the arm ia by the side in the 
resting position, the glenoid cav ity faces almost equally forwards and laterally, and 
the position of the humems corresponds to that of the scapula, although relative to 
the trunk it appears to be rotated medially (p* 371)* M a result J?e.TH^pf carries the 
arm forwards and medially acrtjss the fmnt of the cheat, and the movement takes 
place around an axis which passes through the head of the humerus at right angles 
to the plane of the glenoid cavity at fapproximately) its centre. AbJuciim and 
iiddu£thn occur in a plane at right angles to the plane of flexion and extension, and 
the axis passes through the head of the hunterus parallel to the plane of the glenoid 
cavity.t Abduction therefore earnes the arm forwards and laterally away from the 
trunk, at>d r/je rnot mi ni ofcurj iVi ifir plam of the tody of the scapuiu. .Vt the shoulder 
joint itself the movement of abduction varies from ido^ to 1 id^ ; J w hen the arm is 
raised vertically ab+ive tlie head an additional 55" to 65“ arc obtained by forward 
rota t ion of the ^pula (p, 4J?t3. It must be emphasised, however, that during active 
ckvution of the arm the movcinenl at the shoulder joint and the movements of the 
scapula and clavicle occur simu Itaneously —exec pt in the initial stages (25‘^ -3o'^3 ^ when 
HTOSt and in some cases the whok of the movement takes place at the shoulder jotnt.| 

In flexion, however, ihc humerus moves In a pbiiieat right angles to the plane of 
the body of she scapula, and no amount of rotation of the scapula can increase the 
degree of elevation (yo'J obtained in hill flexion. If the fuUy flexed humerus is 
gradually abducted, the degree of elevation incieases pro m/a, until, when the 
humerus coniea to lie in the plane of the body of the scapula, i.c. when the position 
of true abductian is reached* the fuJI 180' of elevation is obtained^ In 
which may be medial or ktenih the humerus revolves for about one-quarter of a 
circle about a vertical axis. The range of rotatory movement in. greatest when the 
arm i& by the side, and least when it is raised to the vertical. In hreumducUon^ 
which results from a succession of the foregoing movements, the lower end of the 
humerus describe# the base of a ctme, tJte apex of whieh is at the head of the bone, 
but this movement at the shoulder joint can be increased very^ substantially by the 
movements of the scapula, and the combination ts well exemplified in the arm move¬ 
ments of a fast bowler in cricket. 

iTie peculiar relation of the tendon of the long head of the biceps to the shoulder 
joint appears to subserve various purposes. By its connexion with both the shoulder 
and elbow the muscle harmonises the action of the two Jointa* and acts aa an elastic 
ligament during all the movcincnts which occur at these articulations. It strengthens 
the upper part of the shoulder joint, an<l helps to prevent the head of the humerus 

* CfHirdTit'r, E-n -'Jilrtl. I pa* 10+® - 

t M4iny wrinjn prefer to consider tkxion pnd oeieriAion a occuTrinf;; in h pBEamediun 
plorte^ and nbdutiion and adduction a* ctocurritiH in « cotxmpl pline. Tho- prefer to tv^^rd 
the movement* u being rckiivo 10 the inink and nor to the frcapuLi. Tht rraiier it untrmd ihm, 
tf Ac pri/fft /is ocr^pl ih&t d^pnitutia, he muil reffarti the Mioid ttipraipirkitm muiclei ul 
pft>ditdrii 0 etmfhinatitm vf nnd abdtiftton^f<fr tu O I d^ not ^oiit 

ike orm in it u*roual ptaftf. When the humenia is rJUHed to the VertiesL from a portion of 
Hexion tin this it undergo it piwaa ol medial rot^tjrm. for which the d^tioid {nuicrior 

ilbrv^>^ the iub^capiiLiri^ ond+ piabanlyv. the mpraipinanu are mponstble. In ihe wme vmv 
when the hsuTicriH il nii*ed to The vtntc*l fiwi the po«il]on uf Abducuan {tn ihw scniic'), st 
undergoes 4 process ol lateral rotation. In bf^lh caw-s the effect of the rotation is to bririH the 
humenia into the H*rne poiitinn zelah^'e to ihc iCapulj as it occupies ’ivhcrii the arm i* nujicd to 
The ^-eitical in thr plme of llw body of the anpub. i.e. ihc nsovenicnt deiicribed in the lent as 
true abduction. W'hcn the arrn it elevated in a natural way from the side, the hynierus move* 
throughout in the plane of tlie body of the jicapuL and imJerisoH no appreciable rotaiion^ 
A# a mutt, when tbi' humcriia taiMd fu the i-erUail position, the modioJ epicondyie is slwavi 
directed ^rwanJa and sliphtiy hiierally. (C, I', Marrmn Britnh ytiursuii ojf Surxffy-, aq, id 13 
and 'r. 0^ Johnsfon, Hnlhh jFfmrnid of SlfiT^rry, 15, uni-) ^ " 

; 11. Flnrcltcr, .tfrfuf. J. Anst., 10^0^ 

s C. \v. t‘ithcafT. J. Amt. {tndPhyi., l^4Kdnd R. IJ. I,octihtrt, J. .-Inifin /^^wd,^64, 
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from being pressed up against the acromion when the deltoid cantracta {vide in/ra). 
By Lts passage along the bicipital groove it □saisis iiibteadying the head of the humcme 
in the various tnovemcnL& of the arm. 

Owing to the shalbwnesa of the glenoid cavity and the laxity of the capsule, a 
wide range of accessory movements (p. 457) Is possible at the shoulder joinL The 
head of the humenis can be moved bachwards^ fonvards, upwards and downwards in 
relation to the glenoid cavity and^ w'Kcn the arm is abducted—the positiari in which 
the accessory movernents arc most free—it can be separated from it by tracdon. 

Muscles producing the movements,—The muscles moving the shoulder may 
be divided into : (n) those acting on the shoulder girdle and (6) those acting on the 
shoulder joint. 



Fro. J07.— The po^tcTier aspect of the left shoulder jcint+ 
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(a) Muscles acting on the shoulder girdJe,^—These muscles have already 
been considered in conncxioit with ihc movements of the shoulder girdle (p. 4^]\ 
(i) M uscles acting on the shoulder jamL The pnndpal muscles concerned 
in producing the movementa of the shoulder joints the dcitoidp pectoral is itiajor^ 

latissimus dotsi and tens major, are large and powerful and they act to coBSrdcmble 
meclianical advimtagc on a jobii whlek owing to the shallow ness of the glenoid 
cavity and the laxitj' of the articular eapauie, ia mechanically unstable. This serious 
disadvan^e is counteracted perfectly by die stabilising influence of the short 
muscles inserted dose to the upper end of the humcrus,^ \iz. the subscapularis, 
supruspinatus, bifraspirmtus and teres minorp for they function primarily as postural 
muscles to retain the head of the humerus in its correct alignment relative to the 
glenoid cavity and to obviate its tendency to skid during active movements. 

In ficxion, the peeloralis major {ctffvicular part) (p. 645), the dehotd {antefi(^ 
fihres) and the euFaeijbraeMiaiis are the principal muscles concerned, but they are 
assisted by the biceps, and the sternocast^pari of thepeeiaraits major plays an impor- 
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taut part when the arm b drawn fonrarda to the plane of the trank from tlie fully 

extended position. . . • • t 

In extension, the Mtoid {poslfrior ^irrj) and the lertt major arc the pnncipai 
muscles conceraed when the movcRinit starts with the arm by the side, but, when 
the fully flexed arm is extended against resistancci the iatistimiu dorst and the i/wno- 
cofial pan oj the ptetaruiH major are powerful adjuvants until the arm reaches the 

plane of the body. ... . , i. ' .t 

In abduction the dettoid is the prime mover, but it is to be noted^ that, in the 
initial stages, the force of the deltoid b exerted mainly in an upward direction and, 
unless opposed, wxrald result tn upward diapbeemeni of die head of the hiunerus. 
'fhe tubteapuhtrii, iH/riM/iwa/iif and tetri minor provide the opposing force hy exert- 
ijfig downward iraction OJii the head of bone and three mufictes and the 

deltoid constitute a * couple/ * the eWeel of which is to produce true abduction^ i.c. 
clevatton of ihc buincru& in the plane of the s^^pula. Tltc mpraspifiaim asaista in 
ctTecting and maintaining tJic rndvcmtnt. - i 

In addttetion the ptcioralh m&jor and the klisnmtu dorsi arc tlie pnncipal 
muscles concerned, but the t^fs the ttfraif^rachinhs and, lo u lesser estent, 

che biceps and ^c triceps {long head) all panidpate. 

Medial rniaiion is brought about by the ptmralii major, the iMtrrid [anterior 
rhe tatimmtis dorii, the tcra ffiajQT and, when the arm is by the sidcs the 

subsrapitJtmu , , . , ^ 

LateraJ rotation is brought about by the uifraspweitui, tiic driiotd {pftstertor 

yiAftff), and die ims mmor, 

Applied Anatomy ^—Owing to tl» constroctiort nf the shoulder joint and the wide 
Tance of movBtiienrw-liicVi ii enjoy*, bs well as in consequence of m ciptjsed siiunnonH 
it is moTC frequently dislocated than any other Joint. Duloeation occurs when the arm 
is ubductedr In that position the head of tlie humerus presses against the lower and 
front part of the espsuk, which is the thinnest and least supported part □£ the lijtDinent. 
The rent in tbe copsnlc rtlmosl invariably takes plocc in this situarioiip smd through xx 
the head of the bone escapes, $o that the disIi^KzaEion In niDat insiHncfs is primarily 
subgiciioid. If^ after the dislocation has been reduced, abdudrion of the anii is pre- 
t'cnicd. the dlsIortUion cannot recur. 

When the ahouldcr joint la ankvMed, the loss nf movement in the joml ii partly 
eornpcfiHKcd for by increiiKd mtiblltty of the ecapuls. In irtating conditions of the 
shoulder joint likely to lead to ankyln^is, the humenis should be kept In the position it 
assumes when the palm of the hand is placed on the bock of the ocek, Le. abducted^ 
«n aa to make full use of this compcminiing mobility of the scapulo. 


II. THE ELBOW JOINT tPEau-i VUI and IXa 
'fho elbow Joint Included two articulations: (t) hameTa-atB£tr, between the 
trochlea of the humerus and the irochkar nolch of the ulna, and {z) huT^froradiai, 
l^tvicen the capinilum of the humerus and the facet on the head of the radius. 
The joint cavity and the articular capsule of the clbov%' joint arc continuous with the 
corresponding "parts of the superior radin-ulftar joint, and these articulations are 
son>etimcs grouped logciher m the adufal af tiaitafion. 

Tlie artkular surfa€^ei concerned are the trochlea and capitulum of the humerus, 
on Uic one hand, and the trochlear notch of the ulna and the head of the radius, on 
the other. 'Ilie trochlea is not a simple pulley, for its mcdlaJ flange is much more 
eKtensivc than Its lateral flange and projects downwards to a lower so that the 
Unc of the joint, which lies 2 cm. below the line joining the two cpicondylcs, posses 
from the lateral side downwards and medially. In addition, the trochlea is widest 
where it covers the pMlcriar aspect of the ^nc and in this position its laieral edge 
forms a salient ridge. The trochlear notch is hy no means perfectly oongnient with 
the trochlea. In full estension the medial pan of its upper (oleemnon) half is noi 
in contact with the trochlea, and a conxsponding strip on the lateral side loses con¬ 
tact on ficsion. The otecTamn and comnoid parts of the trochlear notch arc usually 
separated by a narrow* roughened strip of bone^ devoid of articular cartilage and 
wered with a little fibr^fatty tisauc lined with synovLol membnine. The capituitim 
and the head of the radius are reciprocally cun ed^ but the best contact is obtained 
w hen the semifiexed raditts U in the midprone petition. I'hc rim of the head fits 
into the groove between the capitulum and the trochlea. 

* \\ 'P. liuirnnH-1>. f-'- M. and L. L. Abbott, J, unityiAini Sm^., a6, 
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The hurncFo-ubiiii and humcroradLol artitulations together fonn a ginglymus 
or huige'^joJTit, thi^ ligaments of whl-c;}! are : 


Articular capautc. Ulnar collateral. 

Radial collateral. 


The jUtLcuhur capsule (figs. 510 and 51^).—The anterior part of the ^^rosu 
capzuif U a broad and thin fihroua layer. It is attached, abovcy to the fTnnt of the 
medial cpicondyJc and to the front of the humerus immediately above the coronoid 



Fjo. 508.— The tytidvial cavity of the left 
elbow joint, partially distended. Ant¬ 
erior upcct- (OriBhtaUy drawn from a 
specimen prepured b>' J. Grant.) 

The Bbrous eapsuk of the elbow 
joint hitt been remos^ed but the anulir 
hgnracnt has been left jit n/u. Note that 
the syTWVUil meinbnme desccnsltbeUm 
the lower border of the DUTular liniment. 


Fig. 50g. — ^The synm-ioJ CAvlty of 
the Hf elbow joints poitlolly dis¬ 
tended. FasteiiDr u|wt of the 
specimen repreMntrd in Big- joS- 


and radial fo^^ ; bclow% to the anterior surface of the coronoid process of the ulna 
and to the anutar ligament [p. 493,)^ being continuous at the aides with the ulnar and 
radial collateial ligaments^ Its supcrRdal fibres pass obliquely from the medial 
rpicondyle of the humerus to the anular ligament. The middle fibres, verticdl in 
direct ion ( pass from the upper part of the coronoid depression and become partly 
blended with the preceding, but arc inserted mainly into the anterior surface of the 
camnoid process. The deep or transverse set intersects these ai right angles. 
Anteriorly the fihroua citpsuk is in relation with the bmchialisand receive® numerous 
fibres from its deep surface. 
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The posterior part of the fibrous capsule is thin and mcrTthrsfiouB, jod caiuists 
of tnwwverse and oblique fiUrdS, Above, « is attached in the humerus immediately 
behind the capitulum and close to the lateral fnargin of the trocUca, to the margins 
of the ciiecranon fo^ and to the back of the medial cpicondjf le some tittle distance 
from the trochlea. BeJoiv* it is fixed to the upper and lateral margins of the ole¬ 
cranon, to the posterior part nf the anular ligament^ and to the ulna behind the radial 
nol^^ ti b in relation. behind, with ihe tendon of the triceps and the anconeus 
muscle- 

The tyrroviat membrattf (figs- 50S to 510) is very extensive. It extends ftom the 
margin of the attioilar surface of the humcma, lines the corotioid, radial and 
otecronon foss* Ofi lliat bone and covers the flattened medial surface of the trochlea 

Fig. sio.—a sitfittBl lecrkm through the left elbow yaini. llic liTHn-ial 
xnernbnLnr in in 



(fig. j$S) ; it is reflected over the deep surface of the fibrous capsule and lines the 
deep surface of the lower part of the anular llgamou. Prajei ting into the jqini- 
cavity bctwccri the radiua and ulna from behind there is a crescentic fold of the 
synovia) memhranCt suggesting the division of the joint into twn ; one the buniero- 
radiai, the other the humero-ulnar- This fold ik irreguinrly triangular in outline 
and contains si ^'^riable quuntily of extrasynoviai fut (fig, 513)^ 

Between the fibrous capsule and the synovial mtimbrauc there arc three other 
pads of fat. The laigeit, over the olecranon fossa, is pressed into the fossa by the 
triceps during Rex ion of the joint; the second, over the coronoid fossa, and the 
thlro, over the radial fossi^ are pressed by die broehioiis into thetr respective fosss 
during extension* In addition, smaller tags of fat covered with svnovial membrane 
project into the jotut-cavity opposite 10 the constrictions on cadi side ohhe trochlear 
notch (p* 378), and cover the sm^J non-aiticubr areas of the bone in these rituations. 
The idnar collateral f medial) tigament of the elbow jo Lcit (%. 511) is a thick 
iriongutar band consisting of two portions, an anterior and a posterior, united bv a 




THE ELBOW JOINT 


491 



taad ttT 

utwr 


Fig. 511,—Thfl left eU»¥v ioint. VLewcd from Uac tncdkl ^Idc* 
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thinner intermediate pKirtion. 7'hc pwr/f£?fi is Atlflched above, by ils apeXp to 

the front part of the medial epicondyk of the humums; and bclowv by its broad 
to a tubercle on the upper part of the medial mar^^in of the coronoid prtjctssr 
The posimor p^ion^ also of triangular formp is attached^ above, to the lower and 
back part of the medial epicond> le j below, to the tnedial margin of the olecmnon. 
Between these two bands a few intermediate fibres descend from the medial cpi- 
condyle to an band —often feebly developed—which etnttches between the 

olecranon and coronoid processes, "rhis band converts the depression on the 
tnedial margin of the trochlear notch into a foramen p through which the iittra- 
capsubr pad of fat h continuous with the cxiracapsuUr fat on the medial side of the 
joint. The ulnar collateral hgament is in relation with the tTieeps and flexor carpi 
uinaris aud ihe ulnar Along its anterior portion the origin of the flexor 

digitorum supcrficialis extends from the medial cpicondyle of the humcnis dow'n- 
wards and laterally to the medial border of the coronoid process of the ulna. 

Pig, 51J,—TnmiVXftw «etinn of the rhfht elbow ^obt, viewxd fram above, 
ro ihow the relsfieni of ihe joint. 
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The radial cnUateral (laieral) ligament of the elbow joint (fig, 512) is 
attached above to the lower part of the lateral epicondvlc of the humerus, and below 
to the finular ligament, SfJme of its most posterior fibr^ passing over that Hgament 
to be irisened into the Uterid margin of the ulna. It is Intimately blended with the 
origins of the supinator and the extensor carpi radtaltB brevis. 

The in relation with the joint axe, in front, the bmchialk t behind^ the 

triceps and anconeus ; laterally, the supinator, and the common tendon of origin 
of the extensor muscles i mcdiallyp the common tendon of origin of the fiexor 
muscles, and the flexor carpi ulnaris. 

The ar/rri« of supply are dcritxd from the anastomotic network amund the 
Joint (p, 7S0}* 

liic nmifi of the joint arc ilerived mainly from the musculo-cutanccua and 
radial nerves, hut the ulnar, mediEinandp sometimes, the interior interosseous nerv^e 
also contribute articular branches* The branch from the muBculo-cutanosus arises 
from the nerve to the brachialis muscle and is distributed to the anterior part of the 
articular capsule* 1’he artictiUir branches of The mdid nerve supply the posterior 
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and anlcrD-lflT^raJ portions of tlic anicular capsule and arc derived lioth from the 
to the and frorn the ulnar collaicral bnmeh lo the medial head of the 

iriccp muAcIc. The ulnar nerve supplies twigs to ihe tdnar collattril l(gaincnt as it 
lies behind ihc medial epicondyJc.* 

Movements.—The elbow is a hinge jouii and its movements consist of 
flexion and evtensionn the nlna moving on the trochlea, and the liKid of the radius 
cm the capitulum of the humerua ; as the part of the capitulum which covers the 
inferior surface of the lower end of the humerus is smaller than the head of the 
radius^ the posterior edge of the head of tJie radius can be felt projecting at the 
back of the joint when the forearm i« fuUy estended* The movement of extension 
is limited by the tension of the fibrous capsule and muscles cm the front of the joint i 
that of flexion chichy bv the apposition of the soft parts. 

When the forearm is fully extended and the hand supinated, the upper arm 
and forearm are not In the same line ; the forearm is directed somew hat lateriUy, and 
fom^s with the upper arm an angle of about 167® m the female and 173* in the male. 
I'his " carr^^ing angle ' is caused partly by the medial edge of the trochlea of the 
humerus, which projects about 6 rnm. below the lateral edge, and partly by 
the obliquity of the superior artiniLur surfein: of the coronoid process, which is not 
set at right angles to the shaft of the ulna- The angles w hich the aniculitr surfaces 
of the humerus and the ulna make with the long axes of the bones are approximately 
equal, and as a result the camJng angle disappears on full flexion of the forearm 
and the two bones come to lie in the same plancH When this movement is carried 
out w^ith the arm by the side, the ukiar iKirder of the little fidgef lies over the 
clavicle on account of the position of the resting humerus (p. ^71). If the humerus 
is rotated laterally during the movemeiit, tJie hand is carried upwards in front 
of the shoulder,’ 'I'he carmng angle is masked also in pmnation of the ex¬ 
tended forearm, and this has the effect of bringing the upfwr arm, the scmipronated 
foreami and llic liand into the same straight line. This arrangement increases 
the precision with which the hand* and any instrument or weapon held in the 
hand, can be controlled in full extension of the rlliow or while the elbow Is being 
extended. 

'Fhc izcctstory jn&w?ncfj£r of the elbow joint are very limited in range and are 
restricted to abduction and adduction of the ulna, and fonv ard and backward move¬ 
ment of the head of the radius on the cnpitulum of the humenuj. In the latter 
movement, the head of the radius is moved on the radial notch of the ulna also, the 
anular ligamEint bei ng slewed backwards and fonvards at the satne time. I'he extent 
of this movement is greatest when the elbow joint is half-flexed. 


111. THE R.ADIO-LTLN.AR JOINTS 

The radius and tlie ulna are connected at their upper and lower cjrtreiiuties by 
smo\ial joints, termed the proximal and distal ladio-ulnar joints. In iidditiun, 
the shafts of the bones are connected by an interosseous membrane and a lij^meni, 
which togctlitrr constitute a middle radio-ulnar union. 


1. Thk pROxnwL RArjro-ULNAR JoiCT 

I'his articulation forms a p'tvoX joint benveen the circumference of the head of the 
radius and the osscofibtoua ring formed by the radial notch of the ulna and the 
anular ligament. 

'rhe anular ligament (figs. 51^5-515) is a strong band w^hich encircles the 
head of the radius, and retains it in contact with the radial notch of the ulna. It 
forms about four-fifths of the osstofibrous ring and is attached 10 the anterior and 
posterior margins of the radial notch ; a few of its lower fibres are continued round 
below' the notch and form at this level a complete fibrous ring, lie upper border 
blends with the fibrous capsule and collateral ligamcniE of the elbow joint, while 
from its lower border a thin loose membrane poaoes to be attached to the neck of the 
radluSi A few' fibres extend from the inferior border of the radial notch to the neck 


* E. Gardner,. , 4 maf. loa, 194S. 
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of the radius, covering the synovia] mtmbranc which closes the distal ai$pect of the 
joint. They constitute the ifUiidrata Ugament. The su^rfiaa! stirfact^ of the 
ligament is strengthened by the ndSnl collateral ligament of the elbotiv and arrords 
origin to part of the supinator. It U related posteriorly to the ynconens and the 
interosseous recurrent artery* On its innrr itsrfMe the annlar ligament is provided 
wHth a thin coating of cartilage where it cornea into contact with the circumference 
of the head of the mdius; its lower part is lined with synovial membrane which 
ia reflected upwards on to Uic nedc of the bone. 


2* T»tE Middle RADio-vi-NAn Uniox 


The shafts of the radius and ulna are connected by the Dbliquc cord and 
the interosseous membrane of the forearm. 

The oblique cord (fig. 515) is a small flattened band, extending from the 
lateral side of the tuberosity of the ulna to the radius a liidc below the radial 
tuberosity. Its fibres mn at right angles to those of the interosseous membrane. 
It is Bomeiimes wanting. 


Fm. st4.—^rhs artulnr ligHmcm df dir kft Tsdiui^ SufMiior i»peer« The hrad 
of ihz Tsdius has been sawn hikI the hnnz dialodgcd from ihe U^tsment. 


/Taduri 





ITie irtterosscoua membrune of the forearm (fig, 515) a broad and thin 
sheet, the fibre* of which slant doxvnwards and medially from the interosseous 
border of the radius to that of the ulna; the lower part of the membrane is 
attached to titc posterior of the two lines into w hich the interosseous border of the 
radius divides. Two or three bands arc occarionally fonod on the posterior sur¬ 
face of tills membrane ^ their fibres descend obliquely from the ulna towards the 
radiuSp he, at right angles to the other fibres. The membrane ia deficient above, 
commencing about a or 5 cm. below the tuberosity of the radius * is broader 
ui the middle tlian at cither end^ and pments an oval aperture a Htilc above its 
lower margin, fcr passage of the anterior interosseous vessels to the back of 
the forearm. Between its upper border and the oblique cord there is a gap, 
through which the posterior intcrosseoua vessels pass. The membrane connect 
the bones, and increases the extent of surface for the attachment of the deep 
muscles of the foreamt. It also iransmita to die ulna and thence to the humerus 
any force acting up^^^^ds through the hand and radius. It is len^a; when the fiand h 
midway between the prone and supine posltmns and is relaxed a little in conipletc 
pronadon and supination- in front the membrane is in relation, in its uppeir three- 
fourtl^, with the flexor poll ids longus on the radial side, with the flexor digi- 
lomm profundus on the ulnar side and betWMn these muscles with the anterior 
interosseous vessels and ner^c ] in tU lower one-fourth with the pmnator quad- 
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rams; MiiHsi, with the supinator, abductor pollicia Jongus, extensor poUid* 
brevis, extensor pollids longus, extensor indicist stid, near the wrUt, with the 
anterior interosseous artery and posterior 

interosseous nerve. 5*5^—inrercwwo^ membwinc 

of the fisrcBJin. AntcrsQV ispcCt. 



3. The Distal Radio-uji.nar Joist 

This is a pivot-joint farmed between 
the head of the ulna and the ulnar notch 
of the lower end of the radius: the sur- 
faees arc enclosed in an articular capsule 
and hdd toj^eiher hy an anitulsr disc. 

I’he Hbrous capsule is slightly thk-lt- 
ened in front and behind \ above, it la lax 
and lined w'nh the synovial membrane, it 
projects upwards as a pouch {rcce^sus sacci- 
formis) in front of the lower pan of the 
interosseous membrane. 

'rhe artictilar disc ^ (fig. 51S), trian¬ 
gular in shape, hinds the lower ends of the 
ulna and radius together. Its periphery is 
thicker than its centre, which is occaaion- 
ally perforated. It is attached by its apex 
to a depreasion between the styloid process 
and the inferior surface of the head of the 
ulna ; and by Us base, w^hich ia ihin, to 
the prominent edge which separates the 
ulnar notch from the carpal articular sur¬ 
face of the radius. Its margins are united 
to the ligaments of the w-rist joint* Its 
upprr rcr/flrf* smooth and concave* articu¬ 
lates with the head of the ulna. 1^3 /otcer 
fur/aett also smooth and concave, farms a 
part of the radiocarpal joint and articulates 
with die medial part of the limaic l>one: 
when the liand is adducted, it ardcalites 
with the triquetral bone. 

Movements*—The movetticnts which 
take place at the radio-ubar joints result 
in pronatinn and supination of the hand. 
In jyromiion the iadiu 3 , carrying the hand 
with it, is carried obliquely across the 
front of the ulna, its upper end remaining 
lateral and its bw'er end becoming medial, 
to that bone. Tn supifiaiton the movement 
is revemed and the radius lies lateral to and 
parallel with the ulna. When the move¬ 
ment Is limited te the radio-ulnar joints, 
the liand can be turned thraugh an angle 
of 140^-150"", but, provided that the elbntv- 
joint is extended, the apparent range can 
be increased to nearly ^fio* by Totatiori of 
the humems accompanied by for^vard and 
backward movements of the shoulder girdle. 
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The power of supination Va greater tlian that of pioruition^ and thus all screw- 
driv^ing instruments arc made to be used in this movement. 

The axis on which these movementa take place is represented by a line drawn 
through the eentre of the head of the radius above, and through the ubar attach- 


* This nTtiojIar dinc renft^enEs ihr tnodiftril inferior Ei^mrnt of the diatiit mdin- 
ulnar 5 m F. WocMi Jortei, Prin^p/a of Anoiomy ai in fke Unnd, Second 

Kduiork. IdOndon^ 
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mcnt tif the arricukr diAc below. The head of the radiua rotates within the ring 
formed by the anuiar ligament and the radial notch of the ulna, while the lou'cr end 
tijid the articular dbe revok'eon the head of tiie ulna. The lower end of the ulna is noi 
stationary during these movementa. It movra backwards and btemJly during pro- 
fialion, and forsi.'ards and medially during supinationAlthough Its range Ls 
limited, the octTiincnce of this movement rneans that during pron^tion and supina¬ 
tion the axis of the move men ts^ as just definedk becomes diepkeed laterally, in 
effect, the cIIjow being Hexed to a right angle and the hand beir^g allowed to move 
freely, the axis passes approximately through the middle finger^ w^hich has a smaller 
excursion than any of the other digits, if^ ho^veverj slight resistance is imposed^ 
for example by placing the supine hand on a fist surface^ it will be found that in 
pronalion the hand as a whole moves mediahy^ Under these ciicumstances the 
liulc finger lias the smallest cxcu]rsion» the movement gf the ulna is Ic^s, and the 
axis remains almost stationary. 

Amssory* In addition to the backwoi-d and fonvard movement of the 

head of the radius on the radial notch of the idua (p. 493), rhe head of the ulna can 
be moved backwards and forwards on tlw ulnar notch of the radius. 

Muscles pniduciiig the movemeAts.— 'Ilicsc nuiscks tnuy be grouped as (a) 
those acting on the elbow joint, and (i) those acting on tJie ratbo-uluar joints. 

(a) Muscles acitrig on the elbow joint: 

In dexion, the brurhiaitSy biceps and truchiomdialii arc the prime movers, but, 
owing to the positiou of its attachments, the brachioradialjs acts to beat adv'antage 
when the forearm is ui the midpmne position. When resistance Is enrountered 
additional help is given by tbe pronator Uw and ihc radial extensors of the wrist. 

Eitteasion is perfortned by the trscept and ^nconeui, 

(b) Muscles acitfig on the radto-uJnar joints : 

[n pronatioti^ the pronator feret and, to a slight extent, pramtor quadratm 
(p. 63a) are the prime movers, hut, in order to overcome resistance, the palmaris 
longus and the flexor carpi radiaiis may be called into play, and the brachiomdiabs 
is capable of assisting from the position of full supination to the midpmne 
positbfi. 

In supinalion, the tupinnior b the principal agent, but the bkeps is a powerful 
factor ivhtn the elbow is flexed, and die bmchioradialis is capable of participating 
in the movement from the fully prone to the mid prone position. ^ 

Applied .rTmiloffly.—Dislucations backwards and abduction dislocations arc the 
commonest forma of dislocatioo at the elbow joint- Owing to tlie sluipea of the bones 
dislocation backwards is often complicaied by fmetute of the coronoid process ■ and" 
owing ID the Htiengih of the colbteTul ligaments, ihe medial epitondyle is freoucnllv 
lorn away in abduction dislocaikna, PislocAtion of the elbow jobi eewnmnn in 
children, tn Iwiona of this joint it is often dU!icull to ascertain the exact nature of the 
injury except by K-ray examinetjon. 

The elbow joint h occuionnlly the of »eutc srnuvitis. Tlie jomt-cavifv then 
bceimnca distended with fluid, the buluing showing iaelf piinetpally efound tlte ole 
cranon, in consequence of the loxjtess of the articuLur cppsule. Afinin, there is often 
sonie swetiintf, jList shove the head of the ndius in the line of the humetorsdial joint 
or the whole elbow may essume a fusiform oppearanee. ' 

DisIcKoiiion cjf the head of the mdSiu alone Js a not unmnunon oeddent and occur* 
moat frequently m j'oung persons from falls on the hand when the foieoim is extended 
and supinalcd. the head of the bone bei n g displaced forw ard. li is attended by runtu m 
of the nnulur ligament. Occisionolly a peculiar injury, which is supposed to be a sub 
lusation, occuTS m yoiing diildnen. It is believed that the head of the tadiua is die 
placed dowowarda in tlie juiular ligament, the upper border of w hich becomes folded 
over the head of the bone, between ji and the capjtulum of the humerus* the 
small sbe of the head of the radius in the dtild predisposea to this iniiirv The 
foreann becomes hied in a position of aemiflcyion, midw'sy between supination 
and pitmarion, and ^ai pain is cemplained of when anv attempt is made to move 


• rhe mavemmt of the ultw I* difficult tg matjse and lo explain, h i, attributed to 
sElght rotatKin of the humems, lateral mtatUHl canyinjt (he flexed tiina latmllv and , 
mraiion canrin,? it modidly. It maj be. twwever.'thai the ,li„ht d^c r 

the irochEm ntid ihf tFC^hiw notch provide a Butftcicni expUnfttion. grueitcc of 
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TV, THE RADIOCARPAL OR \TOIST JOINT 

The radiocarpal or wmt joint (figa. 516-518) ia a condyloid joinl. The pam 
forming it are the distal end of the i^iua and Jower surface of the aiticiilar disc, 
above ; and the scaphoid^ lunate^ and triquetral bones, belou^ The ^iriicuti^ 
surfiict of the radius and the loivcr surface of the articular disc fonn together a trans- 


Fic, 5 j6,^T1w of the left wrht and mai&mrpoa* Palmar ftftptei. 
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verscly clliptfcaf concave, surface—the remving cartiy. The proximal articular 
surfaces of the scaphoid, lunate, and triquetral bones form a smooth convex surface, 
which is received into the OMcavityv The line of the joint corresponds to a line, 
convtK upwards, joining the styloid process of the radius to that of the ulna (PI. Xll). 

The joint is surrounded by an articular capsule, ^fhe lynnvLii membrane is 
usually distinct from that of the inferior radio-ulnar joint and from that of the inter- 
carpal Joints : the fibrous mpgule is strcnglhencd by the following ligaments : 

Palmar radiocarpal. Palmar ulnocarpaK 

Dorsal radiocuTpal. Ulriar collateral 

Radiol collateral. 

'I'he palmar radiocarpal ligament (fig. 516 ) is a broad meinhrauous band, 
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iitiached aim VC tt> iht antcnor mur^n of the lower eird of the radius SJid to its 
siyluid pr<H:c53; \\$ fibres pass downwards and mcdklly to be attached to the 
anterior surfaoa of the sophoid, lunate and triquetral tiones^ some beint «intmued 
to Uie eapitate bone. 

I ^ p^almar i^ncarpaJ llj^ament is a rounded faadculus which runs fram the 
ha^ of the styloid process of the ulna and the anterior margin of the trianffulsr 
arti™^ d^ of the distal radio-ulnar joint tn the lunate i^nd triquetral bones. 

The palmar ligan^nts of the wrist are perforated bv apertures for the parage of 
vessels and are in rebtion, in front, with the tendons of the flesor dieiiomm pro- 
fundus and flexor pollids Eongus. * ^ 

The dorsal r^ocarpal ligament (fig. 5.7), ihioncr smd breaker than the 
wtenor, la attached, above, to the poaterior border of the distal end of the mdius ■ 
lb libr» are directed obliqueljr doiviiwards and medially, and are fixed below to 
thedonal surfaces of tlie scaphoid, lunate, and triquetral bones, being Continuous 



'1 he ulnar cofJaterat ligament of the ™ joint tlics, si6 ti-rt i» □t».. k t. 
the end of the styloid process of the ulna ; it divides into mo fa^iLuli onr nf ^ 'k 
IS fixed to the medial etde of the triquetral bone the other to (ht n' ' f ” 

the tip nf the atybid process of the radius to the radial ^de of tbe^siSSJh™'" 
some of Its fibres being pTo]citu!cd to the rrapeaium It i* in ...!,»■ ^ botre, 

artery as it winilfl round the lateral side 0/ the wrist separating ihc'lirameftt'^fm'^’fk ' 
tendons of the abductor palhds bngus and extcnsor>oIlid^hreviF ^ 

The fl/fmVf supplying ij« joint w the anterior interosseous, die anierior -.d 
posterior carpal branches of the radud and ulnar, the paW and donal mSmdf 
and some recurrent branches from the de™ palmar arcli Thf 

from tltc anterior and posterior interosseous nerves. ' stc derived 

Movements.—The movements which am be carried out af tTi;<i 
dissociated from the corrrapanding movements w hich can be carried mt ^ 

carps! and particulariy at the roidcarpai joinia. Thev wST ^ 
joints of the carpua have been described (p. 500J. 
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V. THE INTERCARPAI. JOINTS 

The inicrcarpa] joints connect the corpaJ bones to one anotber and may be sutk 
divided into t (f) joints between the bones of the proximal row of the carpus; 
(2) Joinis betw'ecn the bones of the distal row ; and (3) a some^vkat complicated and 
extensive joint between the two row s^ termed the midcarpal joint. 


1. The Joints of the Proximal Row' of Carpal Rones 

(3) The scaphoid, lunaie and triquetral hones are connected by dorsal, palmar 
and interosseous ligarnent^H 

The dorsal and palmar ligaments are placed tronfiversely between llie Ixsnes 
of the first row^; they connect the scaphoid bone to the lunate and the lunate bone 
to the iriquctrah The palmar ligaments are weaker than the doisd* 

The interosseous ligaments (fig. 5 iS) arc tw^o mnrow bundles, one connecting 
the lunate and scaphoid bones, the other the lunate and triquetral bones. They are 
on a level with the pmximal surfaces of these bones, and form part of the convex 
articular surface of the radiocarpal joint, 

(i) Ihc pisiforrn bone articulates with the palmar surface of the triquetral bone 
and the folloxving arc ligament ft ^st^^ociated with the joint: articular capsule, 
pisohamate and pisometacarpal 

The fihrtm fitpsHk is thin, and surfounds the joint; tht syrt^ml mi-mbrmi is 
Jtstinct /roifl fitat tfir f/fhn rarfmi 

The ptsohammt ligament connects the pisifomi to the hook of the hamate 
bone, and the pisometacnxpal ligament joins the pisiform to the base of the 
fifth metacarpal btme (fig. 516). Both ligaments are continuous with the tendon of 
insertion of the flexor carpi ulnaris. 


2, Tin Joints of the Distal Row op Caiipal Bones 

The bones of die distal row of the carpus ate connected by the dorsah palmar 
and interosseous ligaments. 

^rhe dorsal and palmar ligamCTiLs extend transversely from one bone to 
another; one of each connects the trapezium and trapes^oid bones, a second the 
trapezoid bone and the capitate, and a third the capitate bone and the hamate. 

The three iriteroaseoua ligaments are much thicker than those of the proximal 
TOW ; one unites the capitate boni! and the hamate, a second the capitate bone and 
the trapezoid, and a third the trapezium and tmpcaoid. The first is the stmngesi 
and rarely missing, while the second and third arc frequently absent. 

3* The MiricAttPAL Joint 

'^rhe joint betw'cen the scaphoid^ lunate and triquetral bones on the one hand^ 
and the second mw of carpal bones on the other is made up of two pi^rtions : on the 
medial side the head of the capitate bone and the hamate bone articulate with the 
coneavit)' formed by the scaphoid ^ lunate and triquetral bones, and constituic a 
modified condyloid joint; on the lutcnil side the trapezium and trape^soid articulate 
with the scaphoid bone and coniaitule a moitified plane joint. 

llic hgamenta are ; dorsal, palmar, and two coUateral. 

'rhe dorsal and palmar ligaments consist of short, irregular bundles passing 
between the bones of the first and Bcoond rows. On the palmar surface the fibres 
radiating from the head of the capitate bone to the surnmnding Ixmcs are termed die 
Ifgammtum r^rpi 

I'hc collateral ligaments am Very short: the one is placed on the radial, the 
other on the ulnar side of the carpus : the former, the stronger and more distinct, 
connects the scaphoid bone and the trapcxiuni, the latter the triquetral bone and the 
hamaic ; they are continuous with the corresponding ligamcrnts of the wTtst joiiiL 
In addition to these hgoments, a slender^ iniemsseous hand sometimes cor^nects the 
capitate and scaphoid bones, but it docs not completely interrupt the nudcarpal 
synovial cavity* 
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Tlic membrane of the caipua » wry extensive (fig. 518), and bounds 

a ca^iQ’’ of ven' rnt^br «hape. The proximal part of the cavity inten^encs betiivcen 
the distaJ surfaces of the scaphoid, iunatc and triquetral bones and the pmxlmal 

surlaccs <w tlie bones of the second tow. It sends two prolongations tipwards_ 

bctw«n ihewaphoid and lunate bones, and bettwen the lunate and triquetral bones 
-^and three dnwmvaida between the four bones of the second row. The prolonga¬ 
tion between the trapezium and the trapezoid, or that between the trapezoid and 
capitntc bone, is. owing to the absence of the intemsseoua ligament, often continuous 
wiOi the cavity of the carpofnetacaipal joints, sometimes of the second, third, fourth, 
and httH metacarpal bones, sometimes of the second and third only, In the latter 


Fio. jiS.—.4 fttroiul Mctteti thraugh the joints bc the riaht wrisL 
<ha\«ini{ the eavitin. 
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^dittOD the joint between the hamate bone and the fourth and fifth 1 

bon» lus a separate svnovial membrane and b separated fmm the otlwre 

by the carpometacarpal interwseous ligament (p. 503). The wnovial a!^i- I l ^ 

metacarpal hones. There is s separate synovial cavih- between the ^ ^ 

triquetral bones. ^ ocmeen the pisiform and 

Movemente —The movemente which occur at the radiocarpal and int-r.-,™? 
pmte am considered (^the^ for the joints coiicenied foX^rta thel2jS 
mechanism and are acted on by the same musde groups. The^v^ 1!^ 
which can he earned oot me flexion, extension, add-on or utrur 
tion or radial deviation and circumduction dc'iahon.abduc- 

^«eiithe«scandm™tofthcmovtmentLesplaceattheradiocJrpIu^^^^ 

XI). In consequence the proximal surfaces extend further on the poXior ^hi. 1 
the antenor surfacesof the lunate and scaphoid bones. ITiese movements aJe 
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chiefly by the tcoabn of die ant^i^niatic and, in this connexion, it may he 

noted that the range of flexion is perceptibly diminished when the Angers are flexed, 
owing to the increased tensLon of the extensor muscles. It is only when the joints 
are subjected to violence at the limits of flexioa or extension that the dorsal or 
palmar ligaments, respectivt:K\ are fully stretched. 

The range of midudion of the hand is considerably greater dian the range of 
abduction, a fact which may be associated with the shortne^ of the styloid process 
of the ulna, [n adduction, most of the movement occurs at die radiocarpal Joints 
and the lunate bone, which articulates both with the radius and with the articubr 
disc when the hand is in line with the forearm (flg. 5 passes ofl die articular disc 
and comes to articulate only with the radius fPL XII, fig. 1). 

In abducU'm the iitovement takes place almo^st entirely at the midcarpal joint and 
radiographs of the abducted hand show that the capitate bone rotates roimd an antero- 
posterior axis so that head passes medially, and the hamate conforms to the 
mo%'emcDt& of the capitate. A& a result, die distance betw^cen the lunate bone and 
the apex of the wedge of the hamate is perceptibly increased (PI. XII). *l'hc move¬ 
ments are limited by the tension of the antagonistic muscles and, ivhtn the extreme 
Limits are reached, by the radial and ulnar collaicraL radiocarpal ligaments.* 

Circumduction of the hand docs not result from axtal notadon but from the move¬ 
ments of flexion, adduction, extensEon and abduedon carried out in that order or in 
the reverac orders 

't'he accessory mavementB po^ibte are obtained for the most part at the radio¬ 
carpal Joints They are rehtlivcly free and can be demonstrated more easily In flexion 
than in extension of the w risL The carpus can be moved L>odily backwards and 
forwards on the radius and orticukr disc and it can he rotated axiaify to a considerabk 
extent* A little side to side movement is dso posable. 

It has recently been Suggested t difti* although die radJocari^ and die medial part 
of the tnidearpal joint present the diarocten of condyloid jaints, thw mecLtanical 
equivalent is a * link ' joint, such bS exists in iK simplest form between the units of tlie 
chain of a bicycle. This type of joint is stable otdy when it is under tension and ^ on 
centre j.e, whi:n the links are in line, and unl^rSs it ts strengthened by the addition of 
11 ‘ slop ' mechanism, it buckles when subjected to q compressing force acting in its 
long axb» especially when it is ^ off centic \ Certain adv'ontiiges, however, are inhci™i 
in the ^ link ^ joint. Since the range of mm^cmimt at each of its constituent parts is 
appreciably less than die total range, die articulsf surfaces can be flatter dum would be 
possible in a single joint giving die same total range of xnovement, and they are then-^ 
fora better odapted to beanng pressure. Further, there w less tendenej^ for the over- 
lying tissues to be squeezed at the extremes of raovenienL 

Muscles producing the movements : 

In flexion^ tJie Jlexvr carpi radialii^ firxor carpi ulnurit and paimaris longus are 
the principal agents, but the flexorcs digitomm, supcrficialisct profundus, the flexor 
pollicis longus and the abductor polLleis longus arc capable of giving assistance. 

In oxtensjorii the extemares carpi radiaietf iongm et and the extemor 

carpi utnaris arc the chief musclea concerned^ but the extenaor digitomm, exten^^r 
digit! rainittu, extensor indicia and extensor pollicis longus arc all potential helpers. 

In adduction, the firxor carpi utnaru acts in association with the extensor carpi 
siinariSf and in abduction the fiexor carpi radialit acts in association with the 
extensores carpi raJiales^ hngus et hreetu^ and with the abductor pollicis longus and 
extensor pollicis brevis. As a result of these combinations of carpal flexors and 
extensors the moverments of abduction and adduction can be carried out without the 
simultaneous occurrence of flexion and extension. 


ViH. THE CARPOMEl^ACARFAL JOIOTS 
t. The Caepomttxcajcpal Joiot op the Thumb 

^t'his is a saddle-shaped joint btctween the base of the first metacarpal bone and 
the trapezium, and it enjoys great freedom of movement on account of the configura¬ 
tion of its articular surfaces, 'llie joint is sinrounded by a fibrous capsule, 
w^hich b thick but loose, and passes from the tirctimfcrGnce of the base of the meta¬ 
carpal hone to the rough edge bounding the articular surface of the trapezium ; it is 

• H. D. Wright, AiiiU-, Lonti.f 70, IOJ5. 

t W. Wp, GilforJ, R, H. ond C. I^inbrinitd], Cvy'j 92, 1^43. 
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* la(c«IIy and doraally, Tkr iynwiul mcmhrme tnhitk !mn the (ibrtm mbsuk 

** d^iw//fow( that of thr othtr carpometacarpai joints (fii;. 518)1 

The metacarpsil bone of the thumb h connected to the impedum bv latemj. 
antenor nnd posterior hgament* in uddition to the capsidac ligament. 

.k '! is a relatively broad band, running from the Literal surface 

e tm^zium to the radial side of the Itase of tfie liist metacarpa] bone* The 
and lAffm/ are oblique bands which converge on the ulnur aide of 

ihe base nf the mciucarpa bone from the palmar and dorsal surfaces, respee- 

tji cly, of the trapcisiuni. I hese ttvo ligaments pbv an important part in connexion 
with the tnovementa of the thumb,' ’ ^ ^ monexion 

Movement.— In this jobt the wtiw tnwemtni/ that can be carried out are 
Itciuon, extension, abduction, adduction, rotation and circumduction. Owing to 
the set of the first metacarpal bone in the position of rest fp. 387I, f!cj(ion and eiten- 
sioci taie place in a platic par^lel to the plancof the palm, w^ib abduction and addge- 
tuin occur tn a plane at nglu angles to the flesion-extension plane. Ibcent in its 
«riy stages, fiesion of 11* mcrncarpal bone is always associated with medial rotation 
imd, «>nvcrsely, medial rotation cannot be perfotmed aclivciv apart frani Uexion 

oblio l^rTnf r. !r l«rgdy dependent upon the 

f Ih f 1'^ lieament which, when taut, anchors il^ulnar 

s de of the l>^ of the mernearpaJ bone whilst its radial side is free to move tbiicr 
these comlitinns cmiti^iion of the Hexor brevis muscle alone will produev m^ikl 
rotation eonihmed with llcxum.t This combined tnovement. rogetber vS Sr 
turn at the caipomci;,carpal joint enables the tip of the thumhl he brougfilmo 

l»» o! Il« n«„c»p.l l»r. h«co.m-, iwcho,,,) by 

wKi. ti» „ 4 i>i .id. i. Bill f„. co„.iSn 

ihunib produces lateral rotation in addition to further extension ^ 

*“ i" 1-ii.ion or .„d 

MiiscJes produ€Jii|p the movemeAts; 

In flexion, which cannot he dissociated from medial rotatinn rh. ,1 »- ■ 

Are™ and the opponeni poUiris act as prime movers, and they ate aidtd bv ^ 
pollicia longus when tlic other joints of the thumb arc flexed ^ ^ ^ 

In cxtcnsiorip the Maefor ptiliicii hfieui, and the - l - 

hngus, are all actively conccmer In '' 

partly owing to die obliquity of its line of pull and partly cwiiie longuj, 

^ digit and Its metac^al bone are not in line, for the thumb k ih^iX'.rt h 
both at Its mclacarpophfllangcji] and at its carpometacarpal joints. ^ abducted 
In adduction, the ijdduci^ poiftm ia the itok muscle t i 

palmar inten^«ous musdo acts ordy on the metacarpophahtogeanS; ''' 

In opposition, the abducted thumb is simultiuicouslv flex^and J i- 
ally H the action of the opponirnj pollidi and the jitxor poV/,«V Ar™^ The'*^ 
which the opposed thumb can exercise on the lius of thri;r..v. P'^ure 

rcitiforciiig action of the adductor pollicis and tZ flexor pSicis'hS'^'^ 

1 n Circumductjon. the muscle groups come into actio.i ' . 

'i'he joints lietwecn the corpus and the second, third, fourth and tint. 
btm« arc plane joini*. 'I'hc hones are united by aniculU caD^l™^^, 
by liora^l, pjJmut nnd inirrocts^ua ligaments. " ^ ' Eircngthencd 

• R. W. Hunn^.J, 

11* R. Xnr^itr, J. 89 , 
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The dorsal Jigamcnis, which are tlic strongest and most distinct^ connect the 
carpal and mctacarpd bones on thetr dorsal suiiaccs. The ^cond metacarpal bone 
reccises two fasciculi, one each from the trapezium and trapezoid bones ; the third 
metacarpal receives two, one each from the trapezoid and capitate bones; the 
fourth t%vo, one each from the capitate and hamate bones; the fifth receives a 
single fasciculus from the bimate bone, and this Ls continuous with a similar liga¬ 
ment on the palmar surface^ fomting an incomplete hbn^Lts capsule. 

'Hic palmar ligaments ha^Tc a somewhat simiJar arrangcnientp wiiti the excep¬ 
tion of those of the third nietacaipd bone, which are three in number : a lateral one 
from the trapezium, situated superficially to the sheatli of the tendon of die flexor 
carpi radialis ; an intennediatc one from the capitate bone ; and a medial one from 
the hamate bone. 

The interosseous ligaments consist of short, thick fibies, and aru limited to 
one part of the carpometacarpal aiticulation; they connect die contiguous distal 
margins of the capitate snd hamate bones with the adjuocnt surfaces of the third and 
fourth inetafiirpal bones, and they may he united at their proximal ends^ 

*rbc synovial membrani: is often a contintiation of that of the intercarpal 
joints, Oceasiuimlly, the joint between the hamate t^mc and ihc fourth and fifth 
metacarpal bones has a separate synovia] membrane, aiul is then tKiuncled oti its 
lateral side by the more media! of the two intcnissecjiis ligaments just descjril^d, 
and by extensions froni it to the palmar and dorsal pjins of the capsule (fig, ^t!^). 


VH . IT IE INTEKMETACARf^AL jOiiNTrS 

The bases of the second, thirds fourth and fifth metacarpal bones articulate with 
one another by small surfaces covered with cartilage, and arc connected together 
by dorsal, palmar and mtemsseousi ligaments. 

The dorsal and palmiUf ligatnents pass transversely from one bone to another 
on the dorsal and palmar surfaces. The Interosseous Itgan^enis connect the con¬ 
tiguous surfaces of the bones, just distal to their collateral unicular facets* 

The synovial membrane of these joints is continuous with that of the carpo- 
metacurpm arficulatiorift. 

Movements.—Tlic movementfi permitted in the carpometnearpa! and inter- 
metacarpal articulations of the fingers are limited to slight gliding of the articular 
surfiiccs upon each other, the extent of w'hkh varies iit the tUfferent joints. 'Phey 
are really accessory movements of the first type (p. 457)- The mctacaipaJ btynu of 
the little finger is "the most movable, then that of the nng-fingcr i the metacaipal 
bones of the index and middle fingers are almost immovable. 

The iucessory are limited to spiral twisting of tlie metacarpus as a 

whole on the i^rpus. 


Vni, THE MfirrAGARPOPHAl^NGEM. JOINTS 

These articulations (figs. 519, yzo) arc of the condyloid variety and arc formed 
by the reception of the munded heads of the metacarpal bones into shallow cavities 
on the basos of the proxinml phalanges. In each case the line of the join I lies nearlv 
1 cm. proximal to the proximal flexion crease of the digit The metacarpo- 
phalangeal joint of tbe thumb Is somewhat exccpdonal, for it$ movements of flexion 
and extension seldom exceed 60^ and its side to side movements ant very much 
restricted* Each joint has a palmar and two eollatcnil ligaments. 

T'he palmar ligaments are unusual in that they arc thick, dense, tibn)- 
cartilaginous Structures, placed upon the palmar surfaces of the joints in the intervals 
bc^een the collateral ligaments, to which they arc connected ; they are loosely 
united to the metacarpal bones, but ore very' firmly attached to the bases of iUc 
proximal phalanges. Their palmar surfaces are imimately blended watli the deep 
trauBverse ligaments of the palm, and are grooved for the flexor tendons, the fibrous 
sheaths of which ore connected to the sides of the grooves. Their deep surfaces 
form parts of the articular areas for the heads of the metacarpal bones. 

The deep transverse metacarpal ligaments consist of three shorty wide, 
flattened bands w'hich connect the palmar ligaments of the second, third, fourth and 
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^th mct«aip<^haIaog<!a] iolnw to one another (% cig) 
to the lumbneal mtiscfes and the digital vesaeig anc 


, , , „ „ They a« related, anterior- 
digital veaaeig and nerves and, posteriorly, lo 



"•¥'*4 p»«« 


Flc. 519,—The mctBii^upophiilKrki^l 
anil iditits of cbe middle 

PaJiTur npect. 



Grwvtfiiit 

ft 4 sct>r 

ttmdojiM 


Fia^SiQ.-^The mtUcflrpopbolAHj^epJ uid 
di£t^ lojni^ of the rifiht rWd finBcrk 
Medial aspect. 



MtiiK'^rvai 


The co^eral ligaments art Strang, raundffd cords, placed on th,, .j j , . 

joints; each is attached m the posterior tu bercle and ad^nt ^ 

rfbS of l»»e= dMy iod fon»K^ Z 

On^ihe doiMl surfaces of these joints the fibrous capsule ts thin «n,t 
from the extensor tendon by a bursa (fig, 5 o 6 ) ^ ** “ separated 

M^menta^lTie ^ve movements which occur in these iamis n 
extension, adduction, abduction, and ctreumduedon * ^ ^ flexion. 

Flexion Is freer tbiui extension, and both movetniaita are UmlteH t.., *1 
of the opposing musdes. Abduction and adduction are le« tcnnion 

perforroed aedvdy when the fingen are flexed {vide infra] ^ cannot be 

The «ee«^ anHwine»/j comprise rotation (which in the case of ,1,* .k 
be considerable) and gliding of the phalanx on the head oHlLr 

• QHuult sn aniclc uti '■ The N'criv-Supply of the rnTnoi..i . 
ph-lanffeal Joiiw*,'‘ by J. S. B, Siopftwd.r -W.. ^ Meiacrpo- 
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forwardn^ backv^tirds and from side to side. In addition the ^icuEar surfaces can be 
separated by tracdoTi. 

Muscles producing the movements : 

In flejEion, the flcxora iiigittfrum sup^finalts ft pm/andtis are aj^j^ted by the 
lumhricals and the intfroisei (p, 649) anJ^ in the case of the little finger, by the j?ejnKr 
digit! fftimmi. In the thumb, the fiexores poilich Inngus it brevis arc assisted by the 
first palmar mterosseous nimde. 

In eirtension of the middle and ring fingers at the metacirpoph^langeal joints^ 
die extensor digiiorum is the only muscle concerned, but the extensor itidkis and the 
ex iensor digit! wiiriim! take part in extension of the index and little Fingers, tcspcctii'cly. 
In the thumb the extemores pntlicis loiigus ft brevis are the only muscles concerned. 

Adduction of the extended fingers is perfomitd by the pflinttjr mtetossen but 
during Hexion the long flexors of the finger^ play the principal part. The slight 
degree of this movement in the thumb is sttributahle to die addnefor pnliids and the 
first palmnr iftterotseous muscle^ 

Abduction of the extended fingers ia performed bv tlic dorsat inferossci, assisted 
by the iong extensors except in the case of the middle fingern In the iiltk finger the 
abductor digiti mimmih the prineipal agent, and the aiutuetor pnilieis brejfis produces 
the slight movement possible in the thumb. When the fingers are tn the flexed 
position, abduction cannot be performed actively, but, provided that the long 
flexors of the fingers arc not in active contnactinni it can easily be carried nut 
passivcty. 'The Inabinty to perform the movement actively in this position may be 
due to the fact that the dorsal intero$sei and the abdtictor digiti minimi arc so 
shortened by flexion tiiat they ^re unable io function J>ut thr altered relation of ihe 
line of null of the inkro?sei to the axi$ of moveniem is probably the determining 
factor, for, wl^ereas in extension of the digits tlie axis of side to side movements is 
antero-postcrior, in flexion it is proximo-distal and the li[Te of pull of the intcmssci is 
then nearly pantile! to the axis; the inability is certainly not to be ascribed solely 
to tension of the collateral ligaments. 


fX. THli tNTKRinUI.AXf;EAL JOINTS {fijfs. siy, 5so) 

^rhe interphalangeal or digital articulations are hinge joints, and each has a 
palmar and two collateral ligaments, llie arrangement of these ligaments is sunilat 
to those in the metacarpophalangeal joints (p. 503). 'I'hc extensor tendDns obviate 
the need for dorsal ligaments. Fbc proximal Joint lies opposite the intermediate 
Ucxion crease of the digit, and the distal joint lies immediately distal to the distal 
crease, 

MovementSp^—The only active movemenis which occur at the interphahingeal 
joints are flexion and extension ” these movements arc freer bctiveen the proximal 
and middle phalanges tlian between the middle and distal. The amount of flexion 
is very considerable^ but extension is limited by tenBion of the digital flexors and, 
in violent movements, by the palmar ligaments. 

'I'he accessory nuyvements comprise a limited range in each case of rotation, 
abduction^ adduction and gliding fonvards and backw-ards. They permit the 
fingers to adapt themselves to the shape of any object gripped in the hand^ and 
they provide against the str^ises and strains which occur during the ordiTiary 
use of the hand. 

Muscles producing the movements t 

In flexion of the proximal joint both the Jiexor digitorum mperfiaidts and the 
fiexor digitoTUm pra/undus arc concemed ; in the distal joint, the latter muscle is the 
sole agent. At the intcrphalangeal joint of the thumb the Jlex^r poHicis kngiAs is the 
only muscle available. 

In extension^ which takes place simultancQUBly at both joints, as in opening the 
cloved fist, the extensor digitomm and the extensor !ongus arc the chief 

muscles concerned. 

Attention should be drawn at this point to the combined movementa of flexion 
at the metacarpophalangeal joint and eKtension at the jnterphalangeal joints^ w'hicb 
cm be carried out simultaneously and are of such importance in the fine ttiov emenis 
executed in writing, drawing, threading a needle (male method), etc. For many 
yeara it has been widely taught that the lumbricals and the interossci are not only 
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the active agents in producing Bexian at the metacarpophalat^geal joined, but are 
also the active agents in extending the inteq^lialangeal jninta tlirnugh their attach¬ 
ments to the dorsal digital expaiiisions (pn 634), (t has recently been iirgc?d that, 
when the JumbricaU and intcrossci flex tiie mctacarpnpbalangeal joints, the balance 
between the tftne of the digital flexors and extensors is altered in Favour of the 
extensors, and that this faeKDr alfjinc is resporiEible for the extension of the inter- 
phalangeal joints,* F lovvet^rp boih the lumhHeals and intcrossci alone can extend 
these joints 1P» ^35)^ 

TtiE JOINTS OF THE lAlWlLR UMB GIRDLE 
L THE SACftO-JtJAC JOINT tPloteXUn 

The sacro^ihac articulation is a synosnal joint betiA'cen the auricular surfaces of 
the MCTiim and Although the joint Is regarded as of the plane vanety, 

the ariicular fUffa^rs are not flat, hut arc tnarhed by a number of irregular elevations 
and depresstorts, Tliese irregularities fit intn one another and provide a locking 
device which restricts movements to a minimum in order to ensure siabilit)% for the 
sacro-iliac joint intenupts the line of weight transmission from the vertebroj column 
to the lower Jimh, This mechamsm perfuiis the body-weight to be. tnmsmiucd 
through the joint without causing tension of the ligaments. To the adult male a large 
number of short but strong bundles of fibres enter into the constitution of the 
sacro-itiac ligaments and, as a rtrEult, only a very small amount of anteropost¬ 
erior rotatorv movement is pt^ible. in the female* after pubem* the range 
is appreciably greater and it is increased temporarily in the later montlis of 
pregnancy. Tn the chkrly it is usual to find that the joint cavity is ui least 
parfiy obliterated by die presence of fibrous or fibrocartilagiuuus adh^ions. Tht 
ligaments of the joints are : 

Ventral flacrtvilim:. Intero^iSeous sacro iliac. 

Dorsal sacro-ilLic. 

The ventral sacro-iliac Ug^imcni (fig. 521) covers the smtennr and inferior 
surfaces o f 1 he joint and consists of numerous t hin bands. The supc rior fibres of the 
ligamem connect the bicral part of the sacrum to the adjoining part of the tliac 
fossa ; the inferior fibres are placed below the arcuate line, and unite the lateral parts 
of the three upper sacral vmcbtie to the pre-auritular sulcus (p. and ndjaccm 
part of the ilium. 

The inteTosseoiis sacro-iNac Ugameni is vert' strong, and forms the chief bond 
of union between the two bones^ It fills the irnegtdar space irnmediaiely above and 
behind the joint f^vity (figs. 524, 535) and is covered by the dorsal sacroiliac 
ligament. It consists of bundles of short fibres which conticci tlic iliac and s^icral 
tuberosities. 

'rhe do^l ^cto-Uisic ligament is oblique in dinectiem ; it connects the poli¬ 
te riar superior ilbc spine iv the lac,eraJ euat of the sacrum* Its lower fibres are long 
and partly blended with the upper end of the ^aciu-tuberfms ligament. Its upper 
fibres arc sdujft and paiss veiitrally as well as media] |y, 

TlUi VEHt^KOPELVlC LtCJlftlEMrs 

The ilium ii coimected to the fifth lumbar vertebra by the iltvlumhar 
and the sacrum to the ischium by the tflcro^wWoiii and satra^pinom lieammis ' 

ITie iliolumbai- [igament (lig. 531) is attached to the top and to the lower and 
front part of the transverse pit>ce£$ of the fifth lumbar ^'ertehrut and oecasionallv has 
an additional, weak attachment to the ttunsvcrer process of the fourth. It radiattrs 
as it passes laterally and is attached by two main bands to the pelvis. The lower 
band, which is often termed the lambo-iacr^l tignmrpt (p. 245), runs frfjm the inferior 
aspect of the fifth lumbar mmavcisc pftjcess to the anterior pan of the upper surface 
of the lateral part of the sacrum, blending with the ventral ssacru^fliac ligament 
the upper, which gives partial origin to the quadratus lumborum muscle, ia at¬ 
tached to the crest of the ilium immediately in front of the sacro-iliac joint'and is 
continuous above with the thoractdumbar fascia. 

■ F, Eraitb™Te*G. D. Channell, V. 'IV Mwine and J, WhiDii, Caj-Y krp., 97 hjjk 
fH. fiuiiilcTliirt£l. Amrr.J. Ami., 77, U#45. 




THE JOENTS OP THE PELVIS 507 

The samituberous ligament (figs. 501, jzs) is placed at the lower and posierioT 
part of the pelvis. It U attached by a broad base to the posterior Uiac spines (where 
it is partly blended uith the dorsal sacro-iliac ligament), to the lower half of 
the lateral cnest of the sacrum, and to the lateral margin of the tower part of the 
^rum and upper part of the coccyrt. Its fibres run obliquely downwards and 
laterallv, and converge to form a thick, narrow band ; this band widens out below 
and is feed to the medial margin of the ischuJ tuberosity, and is continued along the 
ramus of the ischium under die name of ihe/dle^orfli proitts, the free concave edge 
of which gives attachment to the fascial shcatii of the internal pudendal vessels and 


jai.—Thf joinis aiiil of the riaht half of the pclvit. VicMsd from 

in fiwnt. 
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pudendal mrve (p* 6€j6)a On its pc^tcrioi- surface the ligament gijes origin to the 
lowest fibres of the gluteofi niaxiitius, and some of the superficial fibt« of lower 
part are cotitinued into ihe tendon of on^n of the long head of the biceps fenions. 
The ligament is ptcrccd by the coccygeal branches of the inferior gluieal ^cry, by 
the perforating cutiirteous nerve anil by minute filamcnis of the coc^geal plcsus- 

The sacrospinotis ligament (fig- 5 ^^) ilunp and triangut^ itt form # it 
attiiched bv its ape?i to the spine of the tsehium^, and+ Tnedialiy, by its brXNui baiCi to 
the Iftteml margins of the sacnim and coccy^i in front of the sflCfotubcroiis ligament, 
with which Its fibres arc intermingled. It is in rrlation in front with the cocC)'geiis 
muscle, to w Kich it h closely connected, and of which it may represent a degenerated 

pdlir 

ThcM two ligaments convert the sciatic notches into foramina. The gr^alor iciaik 
foramen is bounded, in front and ai>ove, by the ^cater sciatic notdra r behind by the 
ucTutuberoua ligament: and below by the sncrDSplnoun liguncnt and the spine nf the 
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Uchium. Ic h partially filled up, m the recent smte, by the pinlomua which 

emerga from the pcl\^ through it. Above thU muoclck the auperior gluteal veswita and 
nerve pa$$ out of the pelvis ^ and below the inferior glutei vesseb and ricn>^Ci the 
Lntemal pudendal v»»el» and neiTc, the sciatic arid the postedor fettioral iiutaneous 
nerves^ and the nerves to the ohturiitor intemus and quadratus femoria make their exit 
from the pelvis. The hsKr fcuitic fonrmm is bounded:, front, by the body of the 
ischium ; above, by the body o| the Ischium and the sacroapinous ligament; behind, 
by the sacrotuberoufl ligiment. It transmits the tendon of the obturator intemus, the 
nme lo ihis muscle^ and the internal pudendal veaels and nerve. 


Fxo, Jist,—TTic jfiints and jigamenta at the duht half of the pehElw 
Viewed frtwn behiodL 
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The wroiuberou* wuJ, to elcMer extent, thi. xecTCMfMnmu ligatncnts would oppose 
pny tendency of the lower part of the uunim to tilt upwariU under tlw downvnnl 
thntf I which is imparted to the upper ctiJ of the t}one by the weight of the trunk (p. j n). 


n. TKE PUtJiC SYMPHYSIS 4H3, 513) 

The pubic bones tneci each other in the tnedtan plane, where they form 4 
cartilajtinutis joint which t«ei%« the special imine of the pultk fymphvtti. The 
iwtt bones arc connewted by superior and arcuate pubk liptnenu, and by an 
inierptibtc disc of fibrocartilogc. 

The sttperior pubic ligament connocts the pubic bones superiorly, and 
extenda bb far sa die pufak tubercles. 











THE MECHANISM OF THE PELVIS 

The arcuate pufak Itgameat is a thick, trian^lar arch of hbfcs, eorniccting 
the lower borders of the symphyseal surfaccj^ of the tivo pybic bones, and fonniing 
the uppe r boundary of the pubic archn A^ve, it is blended with the ini^ubic disc; 
laterally^ it is fltbiched to the inferior rami of the pubic hones; Jta base is freCp and is 
separated fmm the free ventral border of the urogenital diaphragm by an opening 
through which the deep doreal vein of the penis (or clitoris) enters ^e pelvis. 

The inierpubic disc conmrets the opposed surfaces of tlie pubic bones. Each 
of these surfaces is covered with a thin Jayer of hyaline cartilage firmly joined to the 
bone by a scries of nipple-like processes which fit accurately into corresponding 
depressicins on tlic osseous surface. Tlicse opposed surfaces are connected by a 



Fic. saj.—An obHqurlj' MTonsl scctian ihmu^h the pubk symohytU^ Vsewrd 
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lamina of fibrocartilagc, which varies in thickness in different subject. It often 
contains a cavity, pr^ably formed by the ^ftemng and abf^rption of the fibro' 
cartilage since it is rarely seen before the tenth year of life and is not lined viiilh 
symo^'inl membrane. This cavity is usually limited to the upper and back part of the 
joint f it occasion^ly reaches the front, and may extend the entire len^h of the 
cartilage. When present it may be demonstrated by making a coron^ section of the 
symphysis pubis near its posterior surface (fig, 5^3)*^ fn ftonl the disc is strength¬ 
ened by several superimposed layeis of fibres^ which pi£sobli^lueiy from one bone to 
the otheri decussating and forming an interlacement with the fibres of the exlcrtial 
obU<}ue aponeuroses and Che medial tendons of origin of the rccri abdominUi 

The Mtchanjsm of the Pelvis 

The pelvic girdle supports and protects the contained viscera and affords sur¬ 
faces for the attachments of the muscles of the trunk and lower limb. Its most 
important mechanical function^ howevefi, is to transmit the weight of the head, 
trunk and upper limbs to the lower e^mcmiti^. 

It may be divided into two arches by a veitical plane passing through the 
acetabular cavities \ the posterior of these urthes is the one chiefly cancerned in the 
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fitnctiDn cf trmwitting the ^veight of the trunk. Ii3 parts arc the upper 

three ^raL vertebr?* and strung pilkrc uf bone running hum the sactn-iLiac 
joints to the acetabular fos^ (p. 40^)* The anterior of these arches ib formed by the 
pubtc bones and their superior ra mi» It connects the bases of the lateral pULara of the 
posterior arch and m acts as ^ tle^am to prcs'ent their sepaTation ann the conse¬ 
quent collapse of the arch. Tbc sacrum forms the summit of the posterior arch; 

FeO+ 524.—A eoronal uctian thriHiijh ihc iaere 4 Eiac joints ind iht body of the hnt 
ucrol vertebn. The Baenun is in its nom^iLl p^tioii hi Eh the body in the 
erect jittitudcL. 



the ^vcight transmitted falls on it at the Innibosacral Joint and, thcoreticallvv has a 
component in each of trto dircctlnns. One component of tire force is espended in 
driving the sacrum down wards and backwards between the Iliac boncst while ibe 
other thnists the upper end of the sacrum doo-nwurds and for^vards towards the 
pelvic cavity fp. 50S). 

The movements of the sacrum are rcgutatcd by its form. \^iewcd as a wholcj 
it presents the shape of a wedge with its base upw'anls and forwards. The first 

PjU, —A eopqiifli section puHinir through iJie iniddk of the ucro'Eliae 



component of the force is therefore acting aj^inst the resistance of the w ed£e and 
its tendency to separate the iliac bones b nutated by the saercKiliac and iliolumbar 
ligaments and by the ligaments of the symphysis pubis. 

If a series of coronal sections be made through the aacro-iliac joints, it will be 
found possible to dindc the articular portion of the aaemm into three ^ments ■ 
anteriorp middle, and posterior. In the animor itgm^nt (fig. 52^)^ which ins'olvts 
the first sacral vertebra, the articular suifacea show slight sinuofl^itie* and are almost 
parallel to one another. 1 n the middle sfgmefit (fig. 5 2 5) the w idth between the doraal 
margins of the sacral articular surfaces is greater than that between the ventral 
margins, and in the centre of each surface there Is a concavit\» into which a corre¬ 
sponding convexity of the iliac articular surface fits. This forms an interiockin^ 
mechanism wliich prevents the strain of the body-wcLght from foUing on the liga- 
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m'Cnis. In. the postmor ^^ment (fig. 536) the ventral Vtidth of the ^^rutn is greater 
than the domli and the aiticular surfaces are only slightly concave, 

Dislocatian tfo^vnwarda and forwards of the sacrum by the second component 
of the force applied lo jt is prevented therefore by the middle segment, which 
interposes the resistance of Its w'edgc-shape and that of the interlocking mech^'' 
ism on its stiriaces ; a rotatory movement, however, is produced by which 
the anterior segment Is lilted downwards and the posterior upwards i the axis of 


Fjg. 5 26.^a coronjJ lurtciofi pasaiiijrttraugh the 
ciiudaJ part? of the sacro^iliic jalnts- 



tb"is rotation posses through the dorsal pan of the middle segment The movc- 
ment of the anterior segment is slightly limited by its wedge-form, but chiefly by 
the dorsal and interosseous sacro-iliai: ligaments; that of the poaterior segment 
is checked to a slight extent by its wedge^orm, hut the thief limiting factors are the 
fiacrotuheft»ufi and sacroapinoiis ligaments- In oil these movements the elTect of 
the sacro-iliac and iliolumbar Ligametits and the ligaments of the s}'mphysis pubis 
in resisting tJje separation of the iliac bones musi he recognised. 

Apptitii Amiromy .—During pregofincj- the pelvic joints and lij^cnts ire relaxed 
and capable therefore of nnorc ciitensive movements. This relaxation of the h'gsmetitt 
renders the locking mechani&ni of the saaro-iliflc joint less effident and permits a rota¬ 
tion of die hip-bonRi w tjike place, l"his rotation hss the effect of increasmg the 
capacity of the pelvis* The less efficiem the lockinfl mcchankm, the men: ihc strain 
of weight-bearing falls on the ligamcnR, leading lo the frequent occurrence of sacro¬ 
iliac etTain after pre|^fiancy- During iovolution the ligaments become tightened up 
again and the locking mcchaniam is restored, butt in some cases, tbc lockingf may occur 
in the position of rotation of the hip-bones whkh was adopted during the pregnancy. 
This BD^Iled subluiunlon of ihe sacro-iliac joint causes pnin by the tension w hich it 
iniposn on the ligaments* and reduction by forcible imnipulation is r^uired. Tlie 
common poftirfon found in this condition ia believed to be backward ratacion of the hip¬ 
bone on the sacrum ; it is uauolly unilateral 


THE JOINTS OF THE LOWER LIME 
L THE HIP JOINT 

The hip joint is a cjotvfoid Joint* formed by the reception of the head of the femur 
into the cup-shopctl foM of the acetabuJum. It lies i-a cm. befow' rhe middle third 
uf the inguinal ligament (PL XIII, 1). to w hich the brim of the actiabulum is 
approKtmaiclv parallel. The articuhr turfac^s arc reciprocally and regularly cti rv'cd* 
biU are not co-extensivc. The head of the fomtir is completely covered with ar¬ 
ticular cartilage^ except over the smalL roughened pit to which the ligament of the 
head m attached. In front, the canilage extends laterally to cover a amall area on the 
adjoining part of the neck of the femun 'Fhe cartilage is thickest at the centre of 
the head and thinner towards its periphery* The articular surface of the acetabulum 
fonns an incomplete ring, termini the lunate surface i broadest ai its upper pan 
w here iht pressure of the body-weight falls in the erect attitude and narrowest where 
it covers the pubic consliiueiit. li is deficient below opposite the acetabular notch. 
It is covered with articular cartilage which is thickest where the lunate surface is 
broadest, but the floor of the acetabular fossa wiihin this surface is devoid of 
articular cartilage and lodges a mass of fat covered with synovial membrane. The 
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depth of the acetabulum h appreciably increased by a itbfocartifagjnous nm, termed 
the tabular labmm. 'fhe Ngainenis of the joiot art;?: 

A^cular capsule. PubofeinorsiL 

Itiofemoml. Ligament of the head of the femiir* 

lischioPemoral. The acttabtilar Librum. 

Transverse acetabular. 

'Phe fibrous capsule (figs. 52^1, 530} is strortg and dense. Above, it Ls attached 
to the margin of ihc acetabulum, 5 or 6 mm, (Kyntid the acetahykr labrum; in 
front, it is attached to tlie fiuter tmi^n of the bhrum, and, nppcisitc the acetabular 
notch, to the trims verse acetabular ligmient and the edge of the obturator forainen. 
[t surrounds the neck of the fernur^ and is attached In front to the trochanteric line ; 


FlOi 527 .—A section through the hip joint. The lyonviil ninnbraiire 
is shown in hfuie. 
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above, to the base of the weit; behind, to the nedt about i cm. above the tmeh- 
wtenc crest ; below, to the lower part of the n«k close to the lesser troehanter 
& atlae^hment to tile front of the n«k of the femur many of the 

fibra are reflected upwmds abng the neck as lonpmdinal bands, lemied 
The hhrou. capsule is much thicker at the upper and fore part of the joint Xre 
the greatest aii50|mt of resistance is rtt^uired; behind and below, it is thin akd onJv 
ht^Iy connected to the bone It co^iste of two sets of fibres, circular and lonEi^ 
tudinsJ. The circular fibres (zima orbttulans) art the deeper ffie ™ 

^ r "r" AlKoJgT pS b SJ 

wi^ the pu^ and jschio-f^ord hgamente, iScsc fibres hav, no direct aitachmem 
to W 1 he lo^tudiMl fibres are gtwtert m number at the upper and front mm 
of the caps^. where they are temfoi^ by the itio/em^al Hg^mU The aiticSkr 
capsule IS alto stT^iend by the pubo/morai and the ligament? 

wrerealaurlace of tho capsule la rough, coveted by numerous mnsclesfand scoanf^ 
in front from the psoas major and iliacus by a bufKL 

The synovial memb™ is very «u^vt Commencing at the maigin of the 
c^^mous surface of the he^ of the femur, it covem the portion ^the neS 
which IS contamed wtihm the joint; from the neck it is refle^d on the intenwJ 
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surface of the fibrous capsule, covcjm botli surfaces of the acetabular Uhrum, 
enshcathes the ligament of the head of die femur, and mver& the mass of fat con- 
tdned in the acetabular fossa. It is \'cry thin over the deep surface of that part of the 
tliofemond ligament which compressed against the head of the femur in the erect 
attitude and has been d<»crihcd as absent in this situation. The joint cavity 
communicates sometimes with the bursa of the psoaa major tenddn through a 
dme^ar aperture ^vhi^ k situated between the pubofemoral ligament and the 
vertical band of the iliofemoral ligament. 

The iJjofemor]^ iigaroent 539), inangular in shape and of great strength^ 
lies in front of the joint and is intimately connected with the capsule. Its apex h 
attached to the lower part of die anterior inferior iliac spine, its base to the trocli’- 
antcric line of the femur* The media] and lateral parts of the ligEment are strong 
bands, while the centra] part is relacivciy thin and weak ; the media] band is vertical 


Fio* saS*—The eadly of ihc liaht hip joint (dutcndriJ). Posterior 

mpcct. (From a apedmen prepand by J. C. 0. Gram,) 



in direction and is fixed to the iower part of the trochanteric Hne | die laicnd band 
is oblique and is aitacbed to the tubercle at the upper part of the same line. The 
diofemoral Ligament is frequendy called tlie Y-shaped Ugament, and its Lateral band 
the iltotrochanferic ligam^L 

The pubofemoral ligament (hg. 529) is triangular in fonn ividi its base at 
the hip-bone, where it is attached to the LEiopcctincal eminence, the superior ramus 
of the os pubis, the obturator crest and obturator membrane ; bcbw» it blends with 
the capsule and with the deep surface of the medial band of the Uiofemoniil ligament. 

The ischiofemoraJ ligament (fig. 530) has a somewhat spiral disposition on 
the back of the plnu From its attachment to the ischium below' and behind the 
acetabulum, it is directed upwards and laterally over the back of the neck of the 
femur. Some of its fibres arc continuous with those of the 3 Cona orbicularis, others 
are fixed to the base of the greater tmehanter. 

The ligament of the head of the femur (fig. 531) is a triangular^ somewhat 
ELattencJ band implanted by its apex on the antcrosuperior part of the pit on the head 
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of the femur; its base is sttached by two bands, one into each side of the acetabular 
notch, and between these bony attachments it blends with transverse b^nent. 
It 13 cjishtatheti by synovial rnembmne^ and vari^ greatly m strength m uinc^rit 
subjects [ occasionally only its synovial sheath cxbta* and ui rare even this js 
absent. The bgament» made tense ^^bc^ the thigh is scmiflciced and then adducted; 

It is relaxed when the limb is abducted. ^ i j l 

The acetabular labrtim (fig» 533) ift a fibrocartibginous run attached ta the 
margin of the acetabulum, the cavity of which It deepens* It bnoRcs the aceiabu^ 
notch as the trumTrje ligament of Ihe ii£tlabuium, and thus forma a {^mplete cirek. 
It is triangular on cross-section ■ the base is attached to the edge of die acetabulum, 


Fie. sJo.“1'he right hip joint. Anlpnor aspect. 
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and the apex corresponds with the free margin of the labnim. The rim of the 
acetabular cavity ia cotistricted by the fmr edge of the labnun, which Is Lotumed 
and embraces the heail of the femur closely so as to assist in holding It in ita 
socket- 

The transverse ligamimc of the acetabulunfi (fig. 523] is in reality 0 portion of 
the acetabular bbrnm, though differing from U in having no cartilage cells among iia 
fibres. U ounsists of strongs flattened fibres,, w-hich cross the acetabular notch ^ and 
oonvcrl it into a foramen through which vessels and nerves enter the joint. 

Relations of the hip joint.—The capsule is aumiunded by musdes on all 
aides (fig. 532)- Anlmorly^ the btend fibres of the pectincus intervene between the 
most medial part of the capsule and the femoral vein. Lateral to the pectincus the 
tendon of the psoas major, with the iiiacus on its bteral side, runs downwards across 
the front of the rapsule, partly flcparaied fmm k by a bursa. In this Hituation the 
femoral artery' la lying on the psoas tendon and the femoral nerve lies deeply in the 
groove betu cen the tendon the iliacus. More laterally the straight head of the 
rectus femoria erssses the jomt smd, under its later^ border, tlie deep layer of 
he iliotibial tract blends wills the fibrous capsulei. 
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Sap^iariy, the reBected head of the rectus feiDoris is m contact with the medial 
part of the capsule; the glulcuA mlnimua covers the lateral part and is closely 
adhefent to it. [nf€rhTiy\ the lateral fibres of the pectineus lie on the capsule as they 
mcline backwards and, more posterioriy, the obturator externus crones obliquely to 
gain the posterior aspect of the joint. FottmQrfyt the lower part of the capsule is 
covered mth the tendon of the obturator osternus, which separates it from the 
quadratus femoris and is accompanied by the ascending braoch of the medial 
circumflex femora! artery* Above thatp the tendon of the obturator uitcmns with 
the two gcmclli is in intimate relation with the Jobt and intervenes between it and 
the sciatic nerve. The nerve to the quadratus femoHs lies deep to the obturator 





FiC. njfht hip Joint Posi^nor aspect k 
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Intcitius tendon and descends on the most medial part of the capsule. The upper* 
most pan of the posterior surface of the articular capsule Is crossed by the piriformis. 

'I’hc artmei supplying tlic joint are derived from the obttirator, medial circum- 
Rex femoralp and superior and inferior gluteal arteries. 

The wmef are articular branches from the aacnil plexuSp the sdatiCp obturator^ 
and accessory obturator nerves, a branch from the nerve to the quadratus fennoris^ 
and a filament from the branch of the femoral nerve aupplying tlie rectus femoris. 

Movemenia.—’flic of the hip joint arc flc 3 Uonp cxlension, 

adduction, abduction, circumducUon, and rotation* 

The length of the neck of the femur and its inclination to the body of the bone 
have the effect of converting the angular movements of flesion, c^ttcnsiotip adduction, 
and abduction partially into rotatoty movements in the joint, ^rhns when the thigh 
b Rexed or extended, the head of the femur rotates within the icetabulum around a 
transverse axis, Rotation of the thigh takes place around a vertical axis which posses 
tJtrough the centre of t lie head of the femur and the intercondylar notch. The move- 
metita of abduction and adduction occur atound an anteroposterior axis which 
passes through the centre of the head of the femur* 

The hip joint presents a very striking coutmxt to the shoulder joint os regards 
the median teal arrangements for its aceurity and for the limitation of its moverticotg. 
In the shoulder, as has been seerip the head of the humerus is not adapted in sire to 
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the glenoid and its ordinniy niovemeiits are restrained but litde by the cap¬ 

sule. In the hip joint, on the enntraty, tlic lictui of the femur is doscly fitted to the 
acetAbulutn for an area entendutir over nearly half a sphere, and at the margin of the 
bony Cup it is embraced still mDre dosely by the acetabukr tabnim, so that the head 
of the remur is Iveld m its place by that lignjiient c^en when the hbres of the capsule 
have been divided. Tlic iliofemoral ligament is the strongest of all the ligaments in 
the body* and Is put on the stretch by any attempt lo extend the femur beyond a 
straight line with the trunk. 


FiCi left hip jaizilk npened by Lht rctnciVal at the BtKir of ihc acclmbulyirl 

from within tho pflvia,. 



Owing to ihc structure of the joint, no atetimry mubfmenit are pemitted witli the 
exception of Ji very amal! degree of separation wfikh can be effected by strong 
traction. 


The principal flewir muscles arc the pitna major and the ilittem, and they arc 
assisted by the pcctincus, rectus femoris and sartorius. The adductors participate 
in the movement especially in itsearly stages. When the knee is ftestd, Bexion of the 
hip is arriBBtcd by cotilaet of the front of the thigh mtli the anterior abdominal wall. 
When extension of the knee is maintained, Bexion of the hip joint is limited nt an 
earlier stage by the tension of the hamstring muscles, h should !» noted that 
contact of the front of the th^ with the abdominal wall implies supplementary 
movements at the saero-ilLac, lumbosacral und inicrvertebnil joints, for it is not 
usually possible to obtain more than t»° of flexion at the joint itself. 

‘riie principal estansor musete is the gluisus maximuj, which is the true 
antagonist of the psons major and iliaeus. The hamstring muscles share in the 
production of the movement, wluai strong resistance is encountered. In the erect 
posture a vertical line passing through the centre of gravitv of the trunk falls behind 
the line joining the centres of the femoral heads, and Uierefore the pelvis tcn(& to fall 
backwards, but it is kept in position by the balanced tone of the flexor and extensor 
muBcIca. The iliofemotal ligaments prevent hvpcr-extension of the joint 

The principal abductor muscles arc the gktetu mediui (p, 66}) and the gkitut 
minimus, and they ere assisted by the tensor fascuc lat* and the sartorhiB. Abduc¬ 
tion is a free movement tuid it it limited by the tension of the adductor muscles ihc 
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pubofcmoniJ ligiuneiit and the tnediil] band of the iliofemoral ligament. The 
principal adductor mii^lea are the ^dattores iongui, brevis e( magnujt. assisted by 
tlic pectlnoua and the gracilis. Adduction is limited by contact with the opposite 
Hrnbi^ but a wider range of rnovcmcni: can be obtained when the thigh is deseed. 


Fig. 5?Z.—di^scctiaii to diapliy itir EtruCtuceff GuirmindiTig the r^tit hip joint. 
'J'bsf besd of the femor han betMi diaartimalHieti nnd f nnoved. 
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Adduction of the flexed thigh is limited fay the tension of the abductor muscles, the 
lateral band of the iliofemoral ligament and the ligament of the head of the femur. 

Medial roiallon is a relatively weak movement and no great force is requiied 
to prevent it* The principal muscles ooncemed are the teaictr /asxta hftt and the 
anterior fibres 0/ the glutei minimus et medius. T'hc movement is limited by the 
tension of the lateral rotator muscles, the iscMofemond ligament and the posterior 
part of the fibrous capsule. Lateral ratadon can be effected with considerable 
power. The prifidpal muscles concerned are the oistumtores, the gemAli and the 
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quMram femons, assi^icd by the piriformh, the gluteus ma5ELmu&, the sanorius and 
the adductors^ The tn^vcment is limS ted by the tension of i h e tncdiiil totator mu^le^ 
and by the ktcral band of the iliofcmool ligament. 

Appiicd Ariiilamy ,—in difilocfttian of ihc hip/* the bead of the thigh-bone may nest 
at any point around its socket ** (Bryant) ; but whatever pcdiiion k asALUnes ultimntdjv 
the pfiituLty' difipLaeement la genemiLy down wards and medially^ the capsule gi%^ing way 
at its we^est—that ts^ its lower and medial—part* The flltuatjon subsequently 
assumed by die head of the bone is detennmed by the degree of flexion or extension* 
and of lateral ormediaJ rotation of the thigh at the moment of dislocation, influcisced,, 
no doubts by the iliofemotnl ligamentr which is not easily ruptured. 

This iliofemoral ligament is rarely tom in dislocatidns of the hip» and this fact is 
token advantage of by the surgeon in reducing these dislocationa by manipulation. Ft 
is made to act os the fuJcnim to a lever, of which the lang arm is the body of the FV^rtiur^ 
and the short arm the neck of rbc bone. 

Congenital dislocation is met with tnorr commonly in the hip joint tlian in any 
other orticukhon. The displacemcnc usually takes place on to the dorsum Uii, the 
upper part of the rim of the acetabulum being dchcicnl, 

Wlicn manipulating the saero-i liac joint the surgeon takes advantage of the fact tliat 
the iltofemoral and ischiorentoroJ ligaments one taut in extension of the hip joint. So 
strong me thcoe ligaments that forcible attempts to produce hyperextension of the hip 
joint accompanied hy forward pressure on the iliac crest result in movement at the 
aaeto-iliac joint only. 


IL THE KNEE JOINT (Plates XtV and XV) 

The knee joint Ls a modlhed ginglymua or hinge joint. It consists of three 
aiticulatiuns! two condyloid joints betwetn the condyles of the feinur and the 
menisci and condyles of the tibia ; and a third tKMwccn the patella and the fetnur, 
piinly plane, but iiot completely so, since the articular surfa-Ces are not mutually 
adapted to each other, so that the movement is not s simple gliding one. This view 
of the construction of the knee joint receives ct^nfinmition from a study of the 
articulation in some of the lower niuirmials, where, corresponding to these three 
subdivisions, three synovial cavities are found, either distinct frocn one another or 
connected by small communications, 

'Phe jrunt is p^ly subdisHded by two mcniBci, wluch are placed between the 
femur and the tibia. 

line of the joint cotresponds to the upper margins of the tibial condvlcs 
(PI. Xl\^) uud can be indicated by a line drawn round tlic limb at this level 

Tht tirtmilar turfacts {pp. 417, art by no means congruent! The 

femonil condyles are convex from side to aide and from l>efore backwards but the 
cun attirt is greatly accentuated ptistcriorly (fig. 440), Each tibiql articular mthec 
on the other hand, though gently hollowed out ocntriUy. ht flauened around 
peripherj' where ic lb covered with the corresponding meniscus, 'I hc opposing 
femurotibial »kirfacc$anp adapted to one another murcdoselv by ihc mcmsci which 
are shaped so as to render the inferior articular surface concave from boih side to 
side and from before backwards. The articular surface of the lateral femoral con¬ 
dyle is marked in front by a faml groove (%. 439) which rx^xs im the peripheral 
border of the lasersil meniscus in full cxiensinn of the joint* A similar groove marks 
the articular surface of the medial condyle, but It does not rtueh the latemi border of 
the condyk, w here a narrow strip t& marked off w hich comes into eontact with the 
medial part of the patellar articular surface in full flexion of the knee 

The articul^ aurfa« of the patella is adapted in a genem! way to the patellar 
surface of the femur. The vertical ndge which dividea it into a larecr latend oart 
and a smaller, medial part fits into the corresponding groove on die femur but the 
lateral and medial aip only imperf^tfy congruent with the corrWponding 
parts of the femur. The arhcular aurface of the patelb is divided still fitithcr bv two 
faint, horizontal ndgesw-htch, tvith the vertical ridge, map out three pairs of fa^ts • 
On the medial side a second vertical ndge cuts off a narrow^ elongated semilunar 
strip from the medial border of the surface. This strip comes into eoniact with the 

• In many paielLb enly nne horizontal rklur am be made out U U _i t • 

hoUoI'Kt'™^ *** dTejSy 
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part of the amenDr end of the medial femoral condyle in full flexion, and in 
that position of the Joint the uppermost lateral facet on the patdia 19 In contact with 
the anterior part of the lateral condyle. As the knee is extended the middle facets of 
the patella conae into contact with die lower half of the femoral patellar surface^ and 
in full extension only the lowest patelbr facets are in contact with the femur. 

The ligaments of the joints are; 

Caps^le^ Ttbial and flbubr collaterals. 

Ligamentum patdlx. Anterior and postenor cruciate. 

Ohlic^ue and amiatr popliteaL Transx^ersc. 

The fibrous capsule is a very com plicated structure, for In part it is deficient 
and in part it is replaced by strong expansions from the tendons of the muscles 

Fjq. sjjj.—A diuectien of the riflhl krwt; jjaint. Lateral aapeci. The joint cavitj^ 
ha.^ been injected and the s^movial fflembranc if coloured blufr 
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which surround the joint. Postenorly, U consists of verticdly runni ng flbres whi^ 
are attached above to the margins of the femoral condyles and the posterior margin 
of the intercondylar fossa, and below to the posterior margins of the tihial condyles 
and the posterior border of the intercondylar area. This part of the capsule h 
blended above on each side with the origin of the corresponding head of the gaslroc- 
uemius and centmUy it is strengthened by the obhijuc popliteal ligament^ with which 
its fibres LnterlacCi On the medial side the fibres are attached to the medial sutfices 
of the femoral and tibia! condyles beyond the articular margins. In this situation 
the fibrous capsule blends with the deep fibres of the tihial collateral ligament of the 
joint. On the lateral side the fibres are attached to the femur above the origin of the 
poplitcus and they descend 10 the lateral condyle of the tibia covering the musdes 
The fibular collateral ligament of the joint stands clear of the capsule and is separated 
from it by a little fat and the inferiof latend gcnicuLor vessels and nerve, Anleriorly, 
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the fibrous capsule h eniincty vrajiting abov^ the psitdiii and over ihe patcllor area. 
Elsewhere it blends indisiru^ijaiiabiy xvith expansions from ihe vastus mediaiis and 
\iistu6 lateralis. The expansions are attached tq the margins of the patella and liga- 
rfLentum patcILiE and extend backwards on each side as Far as the corresponding 
collateral tigament and downwards to the condyles of the tibia- They fam the 
m^'ul and /d/ero/ paieHmr retinttcula^ and the latter is further strengthened by the 
iliotibial tract* which partially covers and blends with the expansion from the vastus 
lateralis. Above the patella the dcAcicncy of the hbrotts capsule allows the supra¬ 
patellar bursa (p. 5*6) to communicate freely with the cavity- of the joint. Pos¬ 
teriorly, the attachment of the fibrous capsule to the pustefior surface of the lateral 
lihiat condyle is interrupted, and in this situation the poplitcusemergea from w'ithin 
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the capSKJ!c (fig, 537). Tlic oblique popliteal Itgamtm, wfildi is augmented by fibres 
dertved fforn the tendon of the scmimemhrancsiis, sircngthena the postenor ftanect 
of the capsule, t Jterally. n proloueation from the tlioiibial tmet fills the iuten'al 
between the oblique popliteal and the fibiiittr collateral ligaments of the joint and 
partly co«rs the latter* Mcdtally, expaxislans from the aartoriu* and imimem 
branosui muaeJe pass upwards to the tibia! collateral ligameitt and strenethen the 
capsule. ® 

On its deep surfapc the fibrous capsule is attached to iht periphtrv' of each 
meniscus and connects it to the adjacent margin of the head of the tib'ia 'rids 
connexion is often termed the coroiinfy Ugamfiiit 

Tlie synovial membrnne of the knee joint is the most extensive in the bodv 
Commencing at the upper border of tJie patella, it forms a large pouch under cover 
of the quadriceps femoris on the lower part of the front of the femur ffigs r. r f 
and iifiualLy communicates with a buriw interposed between the tendon and tli’ 
front of the bone. The pouch between the quadriceps and front of the femur k 
upheld, during the niovemenla of the knee, by a small muscle, named tJie articulari, 
genu, which is insened into it. On cither aide of the patella, the svnoviaJ membrane 
extends beneath the aponeuroses of the vasti, and more especially beneath tJiat of thp 
vastus mcdialis. Iklow the patella it is separated from the Ugamentum pateil® hv t 
considerable quantity of fat. knowti as the pttd. Opposite the medial 

and lateral borders of the lower part of the articular surface of the patclb theevn^ d 
membrane covering the infrapatellar pad is projected into the int^or of tlie joint in 
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the form of two frmge^JilMi folds termed the akr/olds ; behind, these folds converge 
md w continued « a single band, named the ift/rapatelkr fidd, to tJid front of the 
intemndylar fo^ of the femur (fig. 5J4)» position, attachments and stnic- 

ture the uif^rapatcllar fold may be identified as a viatige of the inferior boundary of 
the originally separate fcmoropaiellar Joint (p. 518), 

At the sides of the Joint the syncnrtal membrane passes downwards from the 
femur, lining the fibrous capsule as far as its attachment to the menisci, the free 
surfaces of whicli possess no covering of simociii] membrane. At the back pan of 
the lateral meniscus the synovial membrane forms a cul-de-sac, the lukpopiiteal 
rtefu, between the gr^v'c on the surface of the meniscus and the tendon ipf the 
popliieiis (fig. 535). 1 he relation of the synovial membrane to the cruciate lionmcnts 
of t!ic knee joint is described on p. 504. 


Fjc. sas--^ ditorctEon of lllc riiiht knee joint from tiehind. The jibrnui tsmule 
Jnw bcCT nmovra, cKpaaing the unopened ifDoWnl niembrane, which it 
coloitird ttm. iTic cavitji’ of tiiE joiju had btren partially bv 

injcctifm. 
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The Ijgamentum patellae (fig. 53b} is the central portion of the common 
ttndon nf the qiuidnwrps femoris, which is ciiniinucd fnonn the patella to the 
tuberosity of the tibia, h is a Htmng, flat, ligartientods band^ ^h(mt S cm. lit length* 
attached, above, to the apex and adjoining rtiargiiifl und to the rotigh depression on 
the lowest part of ihe posterior surface of the patclLi; and below, to the upper part 
of the luliCTosjty of the tibia ; its superficial fibres arc continuous over the front of 
ihe patella with those of the tendon of the i^uadneeps femorifi, l*hc medial and 
lateral p(.>rtions of the tendon of the tjuadricepR pass down, one on cadi side of the 
patella, to be inserted into the upper extremity of the tibia, one on each aide of the 
tuberodity 3 these portions merge into the fibrous capsule* fts stattx! ab«\^, forming 
the medial and lateral patelkr retinacula. Hie posterior surface of the ligamcntum 
patelfo; is separated from the synmnal membrane by a large infrapatellar pad of fat 
und from the tibia by a burnt "(byi. 541 h * 

'rhe oblique popliteal ligament (fig, 537) is a broad, flat, Ebrous band, 
formed of foAciculi separated rrotti one another by apertures for the passage of vessels 
and nerves. It is attached* above, to the lateral part of the intercondybr line and to 
the bteral condyle of tins femur^ and below, it gradually blends with the fibrous 
capsule, which constitutes its principal connexion^ It consists of a strong fasciculus 





522 


SYNDESMOLOGY 


which b fn^m the tendan o^ the scmimcTnbmnosiis c[i>se to ltd insertion into 

tilt: dbia^ and it bccomca partially blended with the capsule aa it passes upwards and 
Eatcrally acro^ its poBterinr part. The oblicitie popliteal ligament forms part of the 
floor ol the popliteal fossa, and the popliteal arter}^ rests upon It. 

The areuate popliteal tigament (fig. 537) is an arched bundle of fibres 
whicdi varira fidmewhat in strength and appearance. It is attachcii tn the lateral 

Fje, ^36+—The right Knee joint. AnterDEnedidl m[HCI. 
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condyle of the femtir and passes dowtisvards to fuse with the fibrous capsule. 
Tw o bandSp an anterior and a posteriori, converge frijm the upper and lower extremi- 
ttea of the arcuate lipment I they unite below lo form the r^lmaOilum of the liga- 
tnent^ which is fixed to the apex of the head of the fibula. The anterior band 
of this relinacuSum is sometimes described as tlie short iatersti hgament atid the 
tendon of the popltteus emerges from under cover of the posterior band {fig. 537), 
% 537 oblique upper border of the arcuate ligament shou^ an upw ard con^ 
cavity, but in rniiny it is straight and blended with the capsule. Some 
anatomists describe die bganicnr as a A-sbapeJ band, consisting of femoro-tihial and 
fcmon>-fibular parts, which straddle the emerging tendem of the popliteus muscle 
Tlic tibial colJfltcral ligament (figs. 536, 541a) a broad, flai band, situated 
nearer to the back than to^the front of the joint. It is attached, above, 10 the medial 
epictjndyle of the femur immediately below the adductor tubercle ; below to the 
medial condyle and medial surface of the shaft of the libiB, The fibres^ of the 
postcKor part of the ligament arc short and incline backwards as they deiiecnd " ihcv 
blend with the fibrous c^tpsule and are inerted into the tibia above the groove for 
ibe ficmimembraiiosiis. 'Yhe anterior part of the ligament, about long, 







THE KNEE JOINT 51,3 

is easily distmgulshed from the Ebrous capsule which Jim deep M it. It incljncs 
forwards ri ond U ift»:rtcd inio ihc medial margin and the poatertof 

pan of the mediai surface of the sfiaft of the tibia (%. 449), U is crossed, at its 
lower partf by the tendons of the sartoriaSk g^cilis, and aemitendinosus, a bursa 
being interposed. Its deep surface covers the inferior medial genicular vessel and 
nep^e^ and the anterior portion pf the tendon of the semimembranosus, with which 
It i^ connected by a few fibres ; ifs upp^ pttrj h udffirrMt io $hc pmpfirry qf fhe 
mrnisats. One or more small hums may occur deep to the ligament and one 
of iticse may separate its anterior part from the medial menisoia.* 

The fibular collateral tigameot {fig* 5jH) is a strong^ rounded cord+ attached, 
above, to the latetal cpicondyle of the femur, iintncdiatclv above the groove for the 
tendon of the pophicus ; bekw'. to ihe lateral side of the head of the fibula, in front 

537'—The ri|(hi Iciie* ioim. roaierior aspect. 


fi^ftictuwilU tN., 

mudiatiQi 




ii 4 pimn\i 


Uwfim 





IkMit 


Arwiftt 


/Vdtc'niA^ ImfiA 
nrffwiTUjtMi 

l^kliutB'r ruUnJ^rmi 


ftmurtiM 




ol the apex. The gPMicr pan of it is hidden by the tendon i>f the biceps femoris, 
which embraces and is partly attached to the ligament. Deep to the ligament arc 
the tendon of the p«»ptiteus and the inferior lateral genicular vessels and nerve. 
Thf hga/rn*ni ha* m atfarhmrnf fy ths kitijiti mensem. 

The cruchite ILgaments arc of considerable strength^ and are situated in the 
middle of the joints nearer to its posterior than its anterior surfate. They arc called 
rrudaU because they Qr<m each other somewhat like the limbs of the letter X ‘ and 
have received tlic names and pwtm'or^ from the position of their attach- 

ments to the tibia, TJicir position within the joLni juatijics their identification ns 
collateral Ligon'ients of tlte originally separate medial and lateral femoro-tibiat joints 
(p. 518). (6>e itiso p. 529.) 

The ^tertor crucktc ligament (fig. 539) is attached to the medial part of the 
anterior intercondylar area of the tibia, being partly bleitded witli the anterior end 
of tJie lateral meniscus ; it passes upwards, baekwardg and laterally, ert^ing the 
antero-lateral aspect of the posterior cruciate ligament, and is attached to the 
posterior part of the medial surface of the laieml condyle of the femur, 

• D. C. DmntJjTiin and A. F, Vftsivsil, J. Snrg., 1943, 
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The posterior crucUie ligament (figs. 53S+ 539) is stronger, but shorter 
and less oblique in its direction, tlian the anterior. It b attached to the pf^terior 
intercondylar area of the Ubia, and to the posterior extremity of the kteraJ men¬ 
iscus I it passes upwards, forwards and medially^ to be attached to the lateral 
surface of the medial condyle of the femur. 

'rhe synoi'ial membrane covers the emdate ligaments anteiiofly and on each 
Bide but postcrforly it is reflected horn the sides of the posterior cruciate Liga¬ 
ment on to the adjoining parts of the fibrous capsule, .^s a result of this 
arrangement the middle, or iDicicondylar, part of the posterior portion of the 
fibrous capsule b devoid of any synovial covering on its anicrior surface^ A 

Kro, The ri^ht knee joint. DissrCtcd from the fronlr. 
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bursal rccc» parses Jn bcl^vecn the two ligaments from the lateral aide (fig. 541) and 
msy be deep enough to reach the medial wall of the intcreondvlar fossa gf the fciniir. 

The menisc: (semitunar cartilages) (fig. 519) are ftio ci^ntic lamella? which 
serve to deepen the flurfaces of the upper end of the tibia for articulatioR with the 
condyles of the femur. The peripheral border of each meniscus is thick and convex: 
the opposite border t» thin, concave, and free. 'l*he upper surfaces of the menisci arc 
smooth and concave, and in contact with the condyles of the femur ; their lower 
surfaces arc smuotJt uid Hat, and rest upon the tibia. Each covers approximatclv 
the peripheral nvo-thirds of the corTesponding articular surface of the tibia. 

The medial meniscus is nearly semicircular in form, and is broader tTchind 
than in front (fig. 535) ; its anterior end is attached to the anterior intercondvUr 
area of the tibia, in front of the anterior eruciate ligament, its posterior fibres bcine 
condnuouB with the transverse ligunvcnt. This end, or Ik™, of the meniscus lies in 
the Boor of the depression w'Jjich can be felt on the medial side of the upper part of 
the lignmcnturn patellit. Tlie posterior end of the meniscus is fixed tn the noateriior 
ini ereandylur area tif the tibia, between the attach uKnis of the lateral menisciisajid the 
posterior crociaic Lgamtnt. Its peripheral border is attached to the fibrous capsule 
and iifirmly luitifrent to the i/tep lur/ofeof the iihiiilwlftiieraUlgamrnt o/tke kneejoitH 
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Thu lateral meniscus i:i nearly circular {%. 53^) and covers a lai^cr portion of 
ihu articular surface than the medial, tt is of the same breadth tliroug^houi its ex.tunt, 
and is grooved poitern^laterally by the tendon of the poplitctis^ which separates It 


FtO. 53 9.— 'rhr upper end of ihe left tibii^ fhowini? the menisci nad the 
iowtr ends of the cruciate lu^amenti. 
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from the fibular collateral ligament, 
intercondylar uminmeu of the tibiii+ 

Ifi^ament, with which it partly blends; 
the posterior end is attached behind 
ihc intereondylar eminence of the 
lihiap in front of the posterior end of 
the medial meniscus, "riic anterior 
attachment of ihe bteral meniscus is 
twbted so tJuil its free margin liDoks 
backwards and upwards, its amerior 
end resting on a sloping shdf of bone 
on the front of (he iaicrsL intercondylar 
tubercle. Close to its posterior attach¬ 
ment it sends off a strong fasciculus, 
termed the mfftiscofnnoral 

ligament (fig. 539), which passes up¬ 
wards and mcdiaJly behind the pos¬ 
terior cniciatc ligament to be inserted 
into the medial condyle of the femur. 

Another oblique band, the anterior 
ligament^ nmy arise 
from the jwterior part of the meniscu^t 
and to the medial condyle of the 
femur in front of the posterior cruciate 
ligament. 'jT^c ten^^on of /Ae popltttus 
mutrlt tif/rrtfnrf Arficeen ifff /u/era/ 
mrmj€tis tmd fibu^nr iolhfmil hgu- 
The more medial part of the 
tendon is inserted into ihe lateral 
menbeus. 

Thai the menisci meet s functional 
need i* demonstrated by the fact tbit 
they arc re-formed folloivirig escision, 
always provided tlial thuir whole breadth is removed, as rugenuratiou can only occur 
from the vascular fibroareijhir tissue amund its periphery^ (%. 540), After complete 
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cxcUion of a mtrkij^ii5 and pntsr to re-formation, thi^ knee Joint can be u$ed actively 
without any sign of inatahilityp bui if it is subjected to continued actHe and vjdIcui 
exercise, the siibset|U?n;t clinital history mdicai-ca that the articular carttljige aufh^rs 
permanent damage and this is attributed to inefficient lubrication during the period 
of rceencratian (p* 453). 

1 nc transverse ligament (fig. 539) connects the anterior convex mat^n of the 
lateral to- the anterior end of the medial tnemscus i its thickness varies considerably 
in dilTemnt subjects, and it b sometiities absent. 

Flo. 541.—A acetion thmujih the left kn« joint. LatETnl nspect. 
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Butb*,. 'rhe bursa: ticar Uie knee joint are the foUowiiig ■ 

^ he^con^e iowtr part of tht pallia tie skin, s sn,ill one 
^ aT a betv.-«n the up«r pirt of the tibia and the Jli^amentuii pfteS\ 
htrd A«r«) bett.-«n the lower pan of the tube^L oflhe 

tibfa and the und a fourth, oflarge 8«e {suprap^trti^ which 

comtnuiit«t« with the kii« ,omt. between the anterior surface offte lower irt of 
the femur and the deep surface of the quadriceps femona (fio c.tf Lat«!ll^h 

r It ir!l^ cn^unicat^Sl 

the lateral bead of the gastrocnemius and the capsule; U] one between t i 

coUatend tigament and the tendon of the bicepa femoris • hv „nc betw een Ihf 
lipmetit and the jendnn of the popliteus (thTu soracdmilT^ fZ 

the neict bursa) ; (4) one between the tendon of the piplitcus and the lateral eSn^k 
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of the femur, usually ^ui estenaiun from ihc smovial membrane af the p\m. 
iVledially, thert aiie five bursm i (i)ofiebciVLcen the media! he:ad of ihcgaatrocnciniua 
and I he capsule » this sends a pmlongaUon bet^veen the tendon of the inedlsl head 
of the garStToenemiiis and the tendon of the semiinemhiranostis and often coimnufiT- 
cates with the joint; {2) one auperftciaJ to the tibiaJ collateral ligament, between it 
and the tendona of the sanorius^ gracilis,, and semi tend tnosus ; (3) one deep to the 
tibiuJ fxillatefal ligament, bctiiveen it and tiic tendon of the semimembranoaus 
(tJiis h sometimes only an cxpanalon from the next burso); (4) one between Uic 
tendon of Lhcaemimcnibnitiosua and the mediaJ oondyk of the tibia and the medial 
head of the gajtrrocnemius. l^bis is tenned the semimernhraoosus bursa and mav 
Cf.)tnmujiicaie with (1) abo^^ ; (5} occasionally there b a bursa lieiwcen the tendons 
of the semimembraniisus and seinitendiiiostis. 

Structures around the JoinL— Anterhrly^ the quadriceps femoris covers the 
joint* and tendinous expansions from tl:ie vastus medialb and lateralis extend 





Fig. 54 a ,—a trartiversc section of the left \Lntt joini, viewed fmm nhovcp lo ihnvr 
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backwards from its margins over the and aftierolatjrrai aspects of the 

capsule* respectively^ forming the patellar retinacula. On tht side the 
sartorivis, with the gracilb tendon lying along its posterior border, descends acm^ 
the joint j on the posirmhUmf side the hiceps tendon* with the common peroneal 
nerve on its medial side, is in contact with the fibrous capsule, which separates it 
from the popliieus (fig. 542)* The ptir/rrier re|atitm<t are the most numerous and the 
most important. The popliteal anery* with its assfa:bted lymph glands, lies on the 
oblique popliteal ligament i the popliteal vein i* postcrnmcdlaJ, or medial, to the 
artery * and the lihial nerve is posterior to \mih vessels. The nerve and vessels are 
overlapped by tlie adjoining edges of the two heads of the gastruenemiua and, on the 
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lat-tnil by the pla.ntan-s+ On c^h side of thff the corresponding head of 

the gastrocnemius comes into intimate relation with the capsule, and on tlie medial 
side of the medial head the semimeitibrauusos intcnenei between the capsule and 
the scmitcndincpsu^ 

The arifrits supplying the joint are the descending genicular^ the genicular 
branchea of the popliteal, the recurrent branches of the jinicHar dbliih and the 
descending branch from the lateral circumflex femoral branch of the artcria profunda 
femoris. 

The tifu fi arc derived from the obturator, the femoral, the tibial and the com¬ 
mon peroneal nen'ea. 

Movetnents.—"ITie active movements ivhich can be carried out at the knee 
joint are flexion, extension, medial rotation and lateral rotation. The movements (pf 
flexion and extenaion differ from those of a true hinge joint in two uays. Ft«tlv. 
the axis amimd which the movcntcnt occurs is not fixed, but shifts fnnrarda during 
extension of jhe leg on the thigh and backwards during flexion. Secondlv ex¬ 
tension is aseoaated with a minor degree of medial rotation of the femur' and 
flexion with a correspondiag degree of lateral rotation. Jn full flexion the posterior 
parts of the tibiai anicuiar surfaces arc in contact with the posterior pails of the 
articulnr surfaces of the fettioral condyles. Fturing extetisinn the tibia and iis 
menisci glide forwards on the femoral condvlea and the axis around which the 
movement takes plare gradually shifts fonvarda. As a result the area of contact 
between the two bones moves forwards also, carrying the menisci with it Vs the 
movement prognessts the flatter curvic of the femoral condyles makes ctiiilaJi with 
the tibia, arid the menisci are opened out, the net result being that their anicrior 
ends move torwards, while their posterior ends anffer little change iti position In 
flexion the reverse movement occurs, so that the menisci, moving with the tibia 
adapt their outline to the curve of the parts of the femoral condvits which are 
niiiJctng WjEtaL't wilb thfil twitsc. 

The movements of rotation at the knee joint fiavca much smaller range than the 
movemetiis of flexion and extension atid during their execuiion the menisci move 
With the tcmonii condylea on the upper anicubr surfaces of the tibb 

'Die movement of medial rotation of the femur on the tibia 



medial to its centre and, as a result, the medial 
rnndylc has a longer anteroposterior traverse 
than tlie lateral and suimhTr- .l;. 
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(^moi'4! on tile hack t.\( the Jritcnll tibi^l randyle by the medial 5 bres of the pfiphtpus 
musde (w uh& p. 67^), 

At the limit (“jf ffcxiLin the ligaTncntiim patcJln?, the cmcLaie li^ament^ and the 
tibiat colktciral Jtgament arc icnsc and the pcistcripr part$ of the ntenisci arc com¬ 
pressed Ix^luccn the femoraJ and tibial condyles^ Flcadon is checked during life by 
the contact of the leg t^'ith the thigh. U'hcn the knee joint is fully extended both 
cruciate ligaments^^ the pi:)sterior part of the capsule and the oblique popliteal liga¬ 
ment arc Icnsc and the anterior ports of the menisci ore compressed hctivccrii tive 
remoral condyles and the tibia.* In the act of extending the knee the jEgamentiim 
patellae is tightened by the quadriceps femorisH but in the erect attitude it is relaxed 
for reasons already stated. Medial rotation (of the tibia on the femur) h checked 
by the anterior cruciate ligamenl and the tensicin of the biceps femoris; late nil 
rr»!ariun tends to uncross and relax the cruciate ligaments, but is checked by the 
eoll^iersl ligaments and the tension of ihc medial rotators and, cspeciallVi the pop^ 
litcus. The main fnnctiDn of the cruciate ligaments is to act as a direct l^^nd 
bei^cca the tibia and femur and 10 pres ent the forTner bone from being carried ton 
l^air backwards or fontords. They also assist the cdJ lateral ligaments in resisting 
any bunding of the joint to either side. Thu menisci ensure perfect lubricitiDti 
(p. 453) and arc rcsporrsihlc for muintaining adequate contact between the articular 
surfaces in all poftilions of the joint. Thuy al^ act os cushions ai the cKtremL-s nf 
dux ion and extension. 

Acccssfiry m<>vtmcnts.—A wider range of rotation can be obtained by passive 
movements th*in can he performed actively when the joint is semi flexed^ and in this 
position the tibia can be made to glide backwards and fnrwardfl on the femur. SVhen 
the knee is slightly flexed a Itmited amount of adduction and abduction con be 
obtained^ and it may be noted that these movements can be performed actively^ 
provided that the foot b on the ground. A slight amount of separation of the femur 
and tibia con be obtained on strong traction^ 

Muscles prcMluetn^ the movements : 

In SexiDD^ the bk^s fem&rfi^ semtitHdinosus and semimembranoms are the 
principal muscles concerned^ but they receive assistance from the grad!is, sartorins 
and popiileus. When the fool is on the groundp the gastrocnemius and ihc plontaris 
arc capable of participating in the movement. 

In extension, the fmom is the chief muscle concemud* but ii 

receives some assistance from the tensor fasebr lai^* 

In medial rotation of the flexed leg^ the fKjtphteut^semmembranQitiS and fruiflnr- 
dinfisiis are tlic chief agents, but they may be assisted by the sartorius and the gracilis. 

In lateral rotation of the flexed legj the bicepa femoris is the only muscle 
concerned, 

Apfyiifd Armtomy.—Fiufn « consideration of ihc construction of the knee joint, it 
would at sight appear to be onu nf the least seoitu joints in the body. ti i$ formed 
between the two longest bones^ and therefore the amount of leverage w^hJeh con be 
brought Co bear upon it h coiofidcrable ; the articular $urfaecs are but ill-adapted to 
each other, and the r^ge of motion which ft enjoy's is great. All these cimutvsiances 
tend to render the orduulation insecure ; nevertheless, nn account of the povferfiil 
ligaments which bind the bones mgclher arid the strength of the muscles concerned, 
the Joint is one of the strongest in die bodv\ and dislocation from traumatism ts a rare 
accident. 

injuries tn One or other mctiiscui am of common tKJCurrencc and result from 
twisting strains applied rn rhe knee w^hen it h dightly Hexed or when it is in full 
flexion. The damage may rake the form of a tear in ihe suhsiancc of ihe cartilage 
or CHCcasionnliy its purjphemi border may bedrtached from tliv capsule over a variable 
extent. The tom or detached tK>rtkin may become displaced tow an]s the rentre or 
the joint and jammed between Ehu articiiljr surfaces of the femur and tibia, cau?iing 
locking of ihe jtaiii. It should be noted lhat the menisci are GV'osculnr and that a 
tear cannot be expected eo heal unlvss it hsa occiirted close to the eapsutu [rig. 540). 
'ITiu media] mcnjivcuiH is much more commonly affected than the lateral because it i^ 
more securely niiHched ro neighbouring structures fp. 5^) and is therefore kivs able 
lo adapt itself to sudden changes of |>U9iticin, l- uriher, during rtuauon of thu flexcvl 
or partially flexed Joint it has lo move through u greater interval than the btenil 
meni.scus. On the other hand, it is held *■ that Ehr iraction effutricil by the mi^diol 
fibres of the popLiteus muscle drawi the postenor pan of the larenit meniscus back- 
• D- C, Bnifirigan and A. F. VosheM, J. fifrneJi.Smx:-. as, tV4J. 
t R. f- I^sl. di» 
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wards on tn the groove on the hsqlf of the lalcnd tihisi condyJe and *0 keens it oot of 
harm 8 . way. 

Inj lines tn the miciatc ligiuncnt^ al&o art camm^n and nuigc fmm a simple sprain 
tQ complete mpty re. The anterior Lif^nmem is iisusll:^ alTcctcd, The Ttsulring Laxitv 
of the ligament permits an cxctssi^'t degree of unlero-posterior gliding movement to 
take place bi; tween the ftmur and the tibia and caasc*i instability of the Joint. 

Sprain or ruptuix of the tibia) coflateral 1 ligament is a. less comnion injury, since 
sitrain is likely to fall upon it only when the knee is in full eiiertsioini. 

Acute eynovltis, the result of tnmnmLEsm. h of frtqumt occurrence in the fence 
joint. When the cavity is distcnilpd with fiuid, the swelling shows iiaelf above and at 
the Sides of the p^tellflp reacbmir about 5 5 cm,, occasionally 5 otu ormoit, above the 
patrllir surt^ of the femur, and extending a liulc higher under the vastus inedialia 
I hun imdcr the vaat^s lateralis. ITic lower Icvelof the ^jmovial mcm bmne is just below 
Che upper end uf the tibia. 

The burs® about the knee joint are sometimes the acal of cnla rgcnient The bunia 
hetij^n ihc front of the paella and the skin is frequently afl^ted to those who are 
Usd habit of koeeJirig, and the condition b knowTi as * housempid'’s knee* The burs 
the semimcmbr^wus tcnd&t, also occaswnidly bcenrti« enlarged', and form* a 
Ructuating swelhng at the ba^ of the knee- During ertensLOn the i^rclling is firm and 
tense ; but dunng flexioii ,t b«™es soft. and. the butsa often communicate* w ith 
the synovial cavity of the joint, the ffuid it contain* can be mado to disappear by p mi- 
sure when the knee i* tlescd. uy pres 

in. THE TiniOFlBUI^AR JOINTS 

The lihia and fib^ are connecud ai Ehcir cxtn,mme^ by (ij the tibiofibular 
aniculaiion above and fa) ihe fibiohbijlar syTide^mosis below, h] In addition the 
shafts of the honi^ arc conneeltd by the crural interosseous membrane. 

T. The TiaroFiBULAR .\l^n^^LATIo^ 

This aiticubtmii ffig 5+4I is a plane iolni between the Jatcml condyle gf the tibia 
*nd the h«t 3 uf the fibula, fhe artiruL iU 7 fMri of the licnes am va^riaSt in siac 
form and inclination. The fautl on the head of the fibula is Kctienillv elliptical or 
qtrciitar in sha^ and list or slightly grooved, 'nicsc facets arc Mve^d with 
cartiUgc, and the bones arc connected by a fibmus capsule and bv inieriLTnd 
poatenor ligamefiia of tlic head of the fibula. ^ ' anterior and 

, K- « ^'tached to the margins of the articular facets on the 

tibia and hbgia ; it is much ihtckcr ,n front than behind. Not infreoueiitlJ Sc 
synovial m^hrone of the joint is continuous with that of the kn™ ioiot 
the subpophtea rec^ 'J-Jic Mterior ligament consists of two or ihiL fia bJn^ 
winch pass obliquely upwards from the front of the head of t>,.> flk 1 . ^ ’ 

ftont of tl« lateral ™dyle of the tib«. The a'“y J 

band, which passes obliquely upwards from the back of the h«d 1 lik 1 

2. The CftimAi. Interossjeous Membbase 
The erursl interosseous menubrarie conistfctu fb(» ini_ y 

tibia and fibula, and separates the muscles on the front from those on 
leg. The anterior tihial artery passes to the front S thriegXmlt. 
opening m the uppermost pan of the membrane, and the pc*Sf %'u 

peroneal artery- pierces its lower part. It consists of obli^^c fibra® S" 

moat pan mn downivarda and kierally | a few hout-v^r ne, 
medially, including a bundle which forms the upjicr border' o? the 
anterior tibial artery. The nn-mbrane is conttmmus below with 
ligament of the tibiofibulur Svndesmosis. It i* in relation in fmni- *' 
ammor, ..toiler Jisitonim bnsu., t«tra„rh.Iluci! taiu., 

J. ThI TlBIOFlfltTJJUl SYJiriESMOSL! 

This joint is formed by the mugh, convex surFari* ik. ,. i' ■ -, 
lower end of the fibula, and the rough, concave surface of the- fibS^'r n^'di of Ihe 
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tibia. Jido^v, th«£ surfaces arc se|J[irattd for a distance of about 4 mm. by an 
upward prolongation of the 5>TW>vial membranE of the talocrural joint and may be 
CO\eted with artkubr cartilage in the 

kiwcst mm. 

The anterior tlbloibular Jigafnent 
(fig. 548) is a Balteticd band which 
extends obliquely downwards and later¬ 
ally bet%vccn the adjacent margins of the 
tibia and fibulSp on the front of the 
syndesmosis. 

The posterior tibLoEbuinr liga* 
mcnl (fig, S4^)p stronger ihan the pre¬ 
ceding, is disposed In a similar manner 
On the posterior surface of the sj^nded- 
niosis. Its lower and deep portion forms 
the inferior Iransverse tigament—a 
strongp thick band of yellowish hhres 
which passes trans^'CTsely from the upper 
port of the lateral malleolar fossa of the 
fibula to the posterior border of the 
articular surface of the tibui^ almost 
far as the nicdial malleolus. ^Phe inferior 
tiansver^ ligament projects belovr the 
margins nf the honts^ and forms part 
of the articufstlng surface for the talus. 

It contains a number of yellow clastic 
fibres. 

The minrosseous Ligament is con¬ 
tinuous, abovci with the crural inter¬ 
osseous membrane and consists of 
numerous, short, strong bands which pass 
betw'een the adjacent rough surfaces of 
the tibia and fibula^ and constitute 
the chief bond of union between tiie 
lower ends of the bones. 

Movements.—^Thc joints bctwxtn 
the tibia and fibula permit vciy slight 
niovctncnis. Owing to the varying in- 
cliitation of the articular surface on the 
talus for the lateral malleolus^ the Bbuk 
undergotrs a HmaU amnunt of literal ro¬ 
tation during dorsillexion of the unkie.* 


0. 544 .—Tht crural intetossK^ui 
membivne. I^edtcrkr aipcci. 


tfrrirwfcfiwt 




IV. THE TALOCRURAL ARTU 
CUiaT10.N (ANKLE JOINT) 

The toktcrunil joint is a gingl^'Tous^ 
or hinge joint. The low^erend of the tibia 
and its malleoluan the mallcoluB of the 
fibula^ and the inferior transverse tibio* 
hbular tigament enter into Its formation, 
and logetlicr form a mortise for the re^ 
ception of the body of the talus, ^'ht 
line of the joint can be gauged from the 
anterior matg^in of the lower end of the 
tibia, which can be felt tlirough the skin tmmmw 

in the living subject when the overh'ing 

tendons arc relaxedi The artkalar lur/acti are covered with hyaline cartilage* The 
trochlear surface of the talus, which is convex from before iMckw^ards and gendy 
concave fmm side to stdCp is trii/er i#i front th*m ftrAiVfJ, and the inferior articular 
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sgr^cc of the tibia is recipfiocallj shaped. The articular surface for the iiicr4jal 
^llcolus k rcatricted to the upper part of the medial stirfaec uf the taliia. It a 
flat and conuna^haped. being deeper in front than behind. The latciml surface 
of the which k tnan^ar in nudfne, is conclave from above dou nwarda and 
adapts Itself to the artinjlar suihace of the lateral malleoliiB. which k convex 
from above downwards. (Plate# X^'Il and XVI LhJ 
The bones arc connect^ by the following ligamenia ; 

Articular cupsutc. 

Deltoid. 

.interior nnd posterior talofibular. 

Cnicancofi bular. 

Thtf fibrous capsiae suirounds tite joint • it is thin and mciubnmous Eti trent 
and behind anti is attached above to the borders of the articular surfaces of the 

Fig. 545 .—The kft uldTuniii aniculitinii, Posttrior ospecr. 
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tibia and malleoli | below, it is attached to the talus cltme m tV- „ - 

of the tn^ble^ surface except in front where it is attached to the do^um of^th! 
rteck of t^ talus at some distance in fnrnt of the superior articular un¬ 

supported on each aide by strong collateral ligamenL The Dostcn'i.!^^*^« /V* 
«pBuIe coMiats principally of transverse fibres, ^blends with 

hearocni and issomewhaf ihickened laierallv w here it reaches as far m ikV n'“1®* 
fossa of the fibula, ' reaencsas tar aa ihc malleolar 

A synmial membrane lines the fibrous capsule, and the ioini j c 

a short itislanee between the tibia and fibula (fig 540) ^ asoends for 

The deltoid ligament (figs. 546, 549) i, « strong, triangular bond attached 
above, to ^e apex and anterior and posterior bordens of the medi^rni!d.!. rJ 
consiats of two seta of fib™, sup^ol and deep. Of the TSeriill ^ J* 
antenor (ti^onavtrulv) foi^rds to be alWched to tho 
navicular bone, and immediaicly behind this they blend with the 

.he pl»„r Lp™„. ; ,h, 32 1 

almost perpendicularly and are fixed to the whole length of the susienra^l^.^^!^”*^ 

,f 1,. U,. po...ri«, 6b.« «WJI) 
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laterally tn be attached Xq the rnediaJ side oi the talm, and to Jts medial tubercle. 
The deep fibres {anterior ilbwtafar) are well developed aiid are fisted, abovci to the 
tin of the medial malleolus^ and betovv, to the non-articiiIaT part of the medial iurface 
of the taJue. The deltoid ligament is grossed by the tendons of the Ublalis posterior 
and flexor digitomm longus. 

The anterior tatdfifaular ligament (fig. 548) passes from the anterior ntargin of 
the fibukr malkttlus, formrda and medially^ to the talus, where it is attached in 
from of the lateral articular facet and to the lateral aspect of the neck. The ptis- 
teriot taloiifaiilar ligament (fig, 545), strong and deeply seated, runs almost hori- 
z<intally from the lower part of the lateral malleolar fossa to the Ulcral tubercle of 
the posterior process of the talus. The calcaneofibular ligament (fig. 54S) 15 a long 

Fig. 546.’—^Thc of the rijchi lalocruca! wid tarsal joints. Medial aspect. 
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rounded cordj running from the depressian in front of the apex of the fibulae 
malleolus dowti^vards and backwards to a tubercle on the lateral surface of the 
calcaneus. It is crossed by the tendons of the peroneujit longus and bnreis. The 
foregoing three ligaments togethercunstitutc the faieralligament of die uilocm nil joint. 
Relations,—The tendons^ vessels, and neivcs in relation w^ith the Joint are: 
in front, from the medial side, the tibialis anterior, extensor hallucis lonjpis^ anterior 
tibia! vessels, deep peroneal nen'e^ extensor digitomm Inngus, and pgrDiieus tertius ; 
behind, from the medial side, the tibialis posterior, flexor digitomm longus, 
p^isterior tibial vessels, tibia! nerve-, fiexor hallucis longus; and, in the groove 
behind the fibular riuilleotus, the tendons of the peroneus longus and brevis (fig« 54?)- 
The arteries supplying the joint are derived from the malleolar branches of the 
anterior tibial and from ^e peroneal. 

I'ht werm are derived from the deep peroneal and tibial nerves, 

Movemofits ^—When the body h in the emet pc^itron the foot is at right angles 
to the leg. The Oitive jwmywffffj of the talticrural joint are tbetse of donsidexion and 
plantar flexion ; in dcjfsiflcxien the angle between the front of the leg and the 
dorsum of the f<K>l is diminished i in plantar flexion the angle U mereased, the heel 
being raised and the nics pointed downwards* The malleoli embrace the talus in the 
p<^iiian of rest, and nr? appreciable degree of side-to-sidc movement can occur 
without stretching of the ligaments of the tibiofibular syndesmosisp and slight 
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J*'® ardculur surface of the talus is broader in front 

than nenind. In dopiflexion, therofore, greater space is required hetown the Two 
mallMli. inis i» obLained by a slight separation of the lower ends of the tibia 
and bbula and is ran^quetit on slight movement at the tibiDfibular stTidesmosis - 
this facilitated by a minor degree of gliding at the tibiofibular joint! 

I he deltoid ligament IS exceedingly strong—so much so, that it usuaJlv resists a 

WK “"1 i- ‘ J ts mi'IJie portion, 

together with the ca cancofibiilar ligament, binds the bones of the leg firnilV to the 

foot, ami resists displMcment in every direction. The posterinr talofibukr liW^ient 
assists the ealcaneofibular m rcaisting displacement of the foot bachwar^^d 


Fig. Trwwve™ Mctien ihroujjh the tower pan of the larocruraj joint. 
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deepens Uw cavity for the reception of the talus. The anterior taJofth..!,. i 
IS a s^rily against displacement of the foot foniyirds. Pkmar tbffi!"' 

Imut^ by the tension of the opposing muscles, by the anterior Sb^S ohS /l? 
and by the anterior talofibular ligament. Doisiflexion of the W s^i' ■. j deltoid 

calcEincohhular li;^4ixnt:nt {malm pp, i43'345), 

Aecfiiorjf iiwjtffltefffj,—Slight amounts of side to side Elidino . 

tion, abduction and adduction are pennitted, when the foot is in^olani^*"^' 
Musics producing the roov^ents, (W «fso Ti ueP 
[n dortifleaion the libtaht atiifHor is the moat impomm factor h<.r i. 
appreciable ^istancc from the extensor digitorum iSigtis. the exirolJ 
longue and the peroneij^ Irrtiiia, ^ *«n9or halluaa 

I n plantar flexion, the garrrofwemjtfr and the sclent are t he chfa __ 

to a lesser degree by the plantaris, the tibialis posteSrtThe hfil? 

and the flexor digitorum longus. hallucis Inngus 

Applied AnaScmy,—Oydftg to die protection afforded to ihc tnlus hv the tih:, fii i 
mornre, fbe talwniral j<nm is a very stable smeukrinn end dtol- 

one of (he itiailenli is fnieturcd. So^jled sprains *f r1,e loliKrurni 

iuj joint arc nlniost 







THE INITRTARSAL JOINTS 

atvvn}? abduction sprains of the tubular ioinT3+ altbrjui^h sumc of the fibres of the 
deltoid httanicnt also arc tom. Ttue spr^ijut of the lalocniral joint aie i 4 $ually cauNnl 
by forc^ plantJiir Dc^ion and the result in tearing of the capsiikr liftamem on the 
front of the joint and bmbing by impsetion of tlie atmciufei a| the back of the joint. 

When di^asc or injury^ of the tolocnirHl joint Im JiJkely to lead to ankylosis, the 
joint is kept i lightly pl 4 ntaiik:ccd. 


Fid. 54^.—^The liaatnents of the right tBlocruinil md tarsal jaints. Latcial atj^ecT. 
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V. THE IN'JTR'fARSAL JOINTS 
1. Tire SctiTiU^\ti (Tmjxialcanean) Joint 

There arc two articulptiona between the calcaneus and talus, an anterior and a 
posteriorp These tun joints form a single lunctioriid unit which is generally lertned 
by clinicians the subtalar joint, but this term is used here for the posterinr joint onlyp 
ihc anterior being dcscril^d as part uf the (alncalcaneoruivieubr joint fp, 536)* 

'Fhc subtalar joint, as defined abi^ve, is fonned betucen the concai e posterior 
calcanean facet on the inferior surface of the talus and the convex posterior facet on 
the upper surface of the calcaneus. The two leones arc connected by a fibrous 
capsule and by laEcraf medial and interosseous talocalcancan ligamcnis. 

'Fhc fibrous capsule (fig. 551) et»ve!opa the joint, and consists fur the most 
part^ of short fibres ; it is split into sllps^ and bet ween these there is only a weak 
fibrous investment. It is lined with synovial memhna.tic, and the joEnt-cavity does 
not cominunicatr vrith any of the other tarsal pints. 

Tlie lateral talocalcanean ligament (lig^ 548) is a short, flattened fasciculus, 
which passes downw'ards and backwards from the lateral tubercle of the talus to be 
attached to the lateral surfaE^c of the calcaneus, above and in front of the oilcanco- 
fibular ligament; 

The medtal taZocalcanean ligament connects the medial tubercle on the 
posterior surface of the talus with the back of the sustentaculum tabre and the 
medial surface of the calcaneus immediately behind this. Its fibres blend with th<;sc 
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nf the ddioid ligamtint; the most poBicrior fibres lljie the oroovc for the flexor 
hallucjs lotij^ hctxvven the talus and tJie otluneiui. 

iw I f ‘".'"“seoufl miMolcaDean ligament (figs. 549, 551) fonns the chief 
bond of union between the bones and occupies the noji-articulsr inicnal ijeiween the 
auhtiUar and talo^ean«™vieu ar joints. It comprises two distinct parts which 
plac«j nurdialfy and laterally repcctively. The media] pan, iibich is often 
the .Mt'fosMoua tdoalcancan ligament, occupies the inner, narrow 
^rt ol the channel between the talus and calcaneus which is soinciiincs termed the 
tkfl'* ‘"™'i “ ’r of aniciiorand posterior lametls which arc iiiiachi-d to 

the fl^r and roof of the canaiis tarsi and whose fibres nin in opposite dircctioos ip 
□It olihque maiincr. Tlic ante nor lamella has often been cnnal dcied as the posterior 
ligament of the talocatainTOnaviciUar joint and the posterior lamdl^ as the 

FiC. i 40 .^A CMnnd Scetwn throuah the Jtft l>bK:ni»l and taloolpaoran Joini*. 
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anterior ligament of the subtalar Joint. Lateral to. but iisiiaJIv dktirn^ fr 1 
lamella: is the aitaebmcnt of the atmi of the Inferior extensor ^ 

calcaneus, 'fhe lateral part of the interosseous k“ 

of the talus, Jt (nxupies the outer mtpanded^a^S^ 
between the lulus and eafcunetiii which can be distiiifinjishcd a* ^ cnafincJ 

..ycM l»k.»- to . luterd. ;„ ih. floor of tk V“ 

inferior extensor rabnaculiim and runs mediallv and %htlv umvaJS mT? 
on the Jiifcrwr and lateral Mpcct of the neck of the talus • ft ifrlnH ^ t 
the foot IS inverted and prevents the occurrence of too great a degree of^dstlfv' 
Mov™ents.-rhc movements permitted bcm«n the® Sm 
are doscly associated with the movements at the talocalcanmn ' 
wilt be described «Hth them, “l«<=al«nconav,cqIiir pmt and 

2. The TALcxtALcyiNijONavjctJLAft Jojjst 
T his articulation is a restricted form of hall-and-sockei ioint - ™ tic, 

of the talus being n^ved into the concavity formed bv Uii posteriir r* 1 !*^ 

navtcukrp thr anterior upper urtieubr surface of tbc eaJeane^, and 

* K. Itafclay s™.h.r Anat„ fW., p. jS^. r j. j, f&.„ j,. J 





THE 1X1'ERTARS/\I. JOINTS I 37 

face of the plantar calcaneonavicular ligament. In the Ijvmg subject the position 
of the joint can be gauged ftom the head of the talus, which can be both seen and 
fell 3 on. in front of the lower end of the tibia, when the foot is passively inverted. 
The bones forming the joint are connecled by a hbrotis capsule^ and by the taJo- 
navicular^ the plantar calcanconavicLilar and the caJcancona^^icular part of tJie 
bifurcated Jigament. 

The fibrous capsule h imperfectly developed except posteriorly, where it is 
considerably tliickcned and forms the anterior part of the interosseous ligament 
which hljs the sinus tarsu 

I'he talonaviculAf' ligament (fig. 546) is a bread* thin band, connecting the 
neck of the talus to tJie dorsal surface of navicubir bone ; it is coveted with the 
eatensor tendons. The plsntar calcadconaviculBr Jigamcnl (p. 539} is the pianiar, 
and the calcaneonavicular part of the bifurcated ligament (ciWe mfm} the lutcral 
ligament for this joint. 

Movements.—A considcnible range of gliding md rotatory movement is 
permitted at both the talocalcanean and the talocalcBneonavicobr jointa. The 
calcaneus and the navicular^ earning the foot with then^ can be moved mcdialJy 
On the talus in a combination of gliding inovcmcnt and rotation^ Tim fiiov^emcnt 
results in the elcv^ition of the medial Iwrder and a corresponding depression of the 
lateral border of the foot, so that the plantar aspect of the foot facc^ niedially^ This 


Fie;. 553 .—llic li^smentft of ihe plimUir furfn» of the left £mi. 



7 'cju 2 ^a of ficzar. 


iff 


6/ iibiaJU 
po4tcrw 

PtttniQf C&tcjanecmaric- 
(i^vKnl 


Teflrfjffi of J^ixar. 


IHaniof tntJuUtTMil 


PfAltiar 


af hrtxi* 


'Fibrvm* jiTfmlt¥Y 


b the position of im-ersim* The grater part of the movement of inversion occurs at 
the two joints, underlying the talua, ic., at the subtalar joint and at the artkiilation 
between the head of the talus and the eustcniaculuin talarc, front of the odcaneus 
and spring ligament. The surfaces of these two joints arc cuned in opposite direc¬ 
tions and the movements occurring them have been likened to the movements 
between the radios and ulna in supination and prunatinn. The of the move¬ 
ments runs from behind^ fonvjjtfds, upwards and medially; passing ffwm the back of 
the calcaneus, through the sinus tarsi to cmcr^gc at the superior and medial aspect of 
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tfie neck of the talus,* The movcmiciit of the cakaneus araund the talus is accom¬ 
panied b}' movement at the Ifnttst'erse iwte/i arttrutation which comp rises the 
talonavicular and the calcaneocuboid articulations. These lie almost in the same 
rraravcfse plane and during invenion the navicular routes on the head of the talus 
whilst the cuboid glides dowmwards in the curved groovT on the front of tlie 
lulcaneus. It should be noted that inversion is in rcalitv a combination of adduc¬ 
tion of the front part of the foot and partial' supination \ Tile range of the move¬ 
ment IS appreciably increased in plantar flesion of the foot, for in this poaitioa the 
narrow part of the trochlear surf ace of the talus occupies the tibiofibular mortise 

Pro. iji.—The ri(jhi ntocilcsneiin and taloatlcajimnavifliljir isifitt fnnn 

obove by rcmqvnJ of ihc 
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more hrnjtctJ m range, Js tertnet! fumion. The thief factor in the hm^fafinn nf 
Liiversion ts the tension of the peronci and the strune lateral Dart of thi^ 

^^Ican^ lil^roen, (p. The other ligt Jnt 

calcaneotibutar ligament are Jess iroportimt factors. Eversion ia-ir™. a 

‘^'^The'l^'’ posterior and the deltoid Ifgurii'cot ^ '* 

The m^cments as described occur when the foot is off the '■ 

bcanng weight. It has to be noted, however, that when the foot u^beariiiB^J^'^hr 
the roavemcata of tnveraton and eversion are still possible and afi. weight 

Ibo. b, tht body.*»i(ht ,ctii>g through the UhTo^X ttl™ JIU ” ‘i” 

olcaoru. .od the naW.r .1 the iSoealeooeM ..J "I "? 

k' f!»''‘tmenia of inversion and eversion are of grcsi irhDort^ee'f ** 

they allow the adjustment of the foot to uneven surfaces wfic^^^lfcjrig. 

Muscles producEng the rtiovcmeuts 

ItWfTsioa .—^Tibialis anterior and posierioro 
d£rrmqij,-^Pcroncua longTis and brevis. 


3 v Tite CALCAJ'm>cuBoiD Joint 

The articular surfaces of the calcaneocuboid ioiiiL wh'n-h l~ ^ l i - . * 
tubercift on b^ of the fifth metaiaraaj boiiB. are someivhat s^dlSbaMd^'^'n!' 
hgimcnts of the joint are: the artiailar capsule, the ealcaneocuHoid / u 

bifu^ic^ ligament, the long plantar and the plantar calcaneocu^id^^ 

The fibrous capsule is slightly tliickened over the dor^urfaci of fit ■ . 
This thiekcnrog ts aomctimca termed the donaf catcofiaocuhoid 
synovial membrane i# disiinet from that of the other tarsal articulatSTTfi; 

* E. Shephard, J, SoH^^r. Sill*, 331,. ^ 52 )- 
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Tht bl/iircated Jigament (figs. 54'S^ 551) is a strong band attach-eJ behind to 
the iintcrior parr of tht; uppier surface of the caJeaneu^^ and dividing in front ill a 
Y-shapird manner into a calcaneocuboid and a calcaneonavicular ligament. The 
cu/ira^eomlmd iigumnti ia fixed to the dorsal part of the medial aide of the cuboid 
bone and forma one of the principal bon ds bei^'een the first and second rows of the 
tar&al bones. The cakanfonavkufiif is attached to the dorriilatcral aspect 

of ihe navicular Imnc. 

I'he long plantar Egament (fig. 550), which U the longest of the taiaal 
men^, is attached posteriorly to the plantar surface of the calcaneus in front of the 
media] and lateral tubercles 4 S®)j anteriorly to the ridge and tuberosity 
on the plantar surface of the cuboid h^ne, the more superficial fibres being con¬ 
tinued forwards to the bases of the second^ thirds and fourth metatarsal bones. 
This ligament consxrts the groove on the plantar surface of the cuboid bone into a 
tunnel fur the tendon of die peroneus longus. It possesses great strength and is an iin- 
port^t factor in resisting flattening of the kicrdl longitudinal arch of the foot (Pk 545}^ 

Tht plantar caJeaneocubaid (short plantar) ligament lies neater to the bones 
than the preceding ligament, from which it is separated by a little areolar tissue. It 
is a short but wide band of great strenj^hp and stretches from the anterior tubercle 
of the calcaneus and the depression tn front of it, to the adjoining part of the 
plantar surface of the cuboid bone. Like the preceding ligamentp it resists fiaticuing 
of the lateral longitudinal arch of the foot. 

Movements.—The movements permitled betw-ecn the calcaneus and the 
cuboid bone a^ limitcfi to slight gliding and rotation of the bones upon each other^ 
and occur during the movements of invet^on and eversion. 

4. The LrcAMEim conkectikc the Calcaneus and NAViofUtR 

Though the calcaneus and the navicular bone dn not articulate directly, they are 
con nected hy two ligaments: S he cal caneD navicular and the plan tar calcaneonavicular. 

The t^leaneorLavicular ligament has bet:n dcecribcd above; it forms the 
medial band of the bifurcated figament. 

*rhe plantar calcaneonavicular or * spring * ligament (flgs, 546, 550) is a 
broad, thick band connecting the anterior margin of thesustcntac^um talare of the 
calcaneus to the plantar surface of the navicular bone. This ligament unites the 
calcaneus with the navicular bone, and lies below the head of the talus, forming 
part of the articutar cavity in which the head is received ; it resists flattening of the 
media] longimdinaJ anch'of the Foot [p. 544), The dtrrmi mrjaee of the ligament 
presents a triangular fibrocartilaginous facet upon which a portion of the head ttf the 
talus rysTS (fig. 551). Its pkntur suyfa^e is supported by ihc tendon of the tibialis 
posterior, mcdiafiy ; and by the tendons of thy flejjor hallueis longus and the flcKor 
digitorum longus, latemlly ; its medial bord^ is blended with the anterior fibres of 
the superficial part of the deltoid ligamcni of the lalocrural joint. 

5. The CuNEONAVicurjut Joint 

The navicular bone aniculatea in front with the three cuneiform bones. The 
join! is of the plane variety and its articular capsule is continuous with those of the 
intcncuneifomi and ihc cuneocuboid joints- Its ay no vial cavity is continuous with 
the 3yno\ ifl] cui [ties of three joints and with the synovial cavities of the second and 
third cuneometdtarsal joints and of the intermctnlarsal joints between the bases of 
the second and third, and third and fourth metatarsal l^ncs. 

Dorsal and plantar ligaments connect the navicular bone to each of the cuneiform 
bones. The dorsal Egaments lire three small fasciculi, one attached to each of the 
cuneiform bones, 'fhe fasciculus connecting the fiivieular bone with tile medial 
^eiform bone i* continuous round the medial side of the joint with the plantai 
ligament which unites these two bones. The plantar Egaments Ijavc a similar 
aiTMgement to the dorsal, and are strengthened by slips from the tendon of the 
tibiaiis posterior, 

6, Tiie CuftoiOKOfJAvjcutjU? Joint 

*rhe cuhoidcona^iciLLlar joint is usually a syodesnuraia, and the two bones are 
connected by dorsal, plantar and intenisscous ligaments. I'he darsal Itgamenii 
extends obliquely fonvarUs and latemlly, while the plantar pas$ci nearly ir-ms- 
vcTscly from the cuboid bone to the navicular bone. The interosseous ligament 
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coDE^iBts of Strong transvciBC fibivs^ arid conrit:i;i» the rough iu>ii-artku]ar portioru^ 
of the adjacent surfaces of the t^vo bcjtics (hg. ^52)- 

Not infrequently the syndesmosis h replaced by a synovial joint. In that event 
the joint is of the plane variety and its articular capsule and synovia! cavity are 
eontinunus with those of the cunconavkular joint. 

7. TitE iKTHlCtTKEIFOnM ANH CUNEOCUBOID JotlV^ 
llic intcrctinci form joints and the joint bettvcen the lateral cuneiform bone and 
the cuboid are all syno^'lai in character and of the plane variety^ Their articutar 
capsules and synovial cavities are continuous w-ilh those of the eimcanavjcular Jointi 

FiGn An obJfclUc weimn thmu^h the right fool, ibowinj? th<$ fviiovial Csvixy 

(if th^ intertHTBsl and! UinnmietatQniB} joints. Viiswed fron> Mbnve. 
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Tliff bones Aiv conjiG^tcd together by d^rEsli pl^ntstp ^nd intcrossctius tisfiTticritH 
The dor&al and plantar Ugantcuts each consist of three iransvcrse bands : 
one connecta the medial and intermediate cuneiform bones, another the inicr- 
medutc and lateral cuneiform bones, and another the lateral cuneiform and cuboid 
bones. The plantar li|aincfltB are strengthened by slips from the tendon of the 
tibialta posterior. The interosseous Ugameots connect the rough non-srlicular 
portions of the adjacent stiifaccs of the bones and possess considerable streneth ■ 
they resist depression of the transverse arch of the foot (p, 545), ® ' 

Movements.—The tnovcnicnte pcnniited at the cuneonavicular, culwidconavi- 
cular, miercuneiform and cuneocuboid joints are litnited to a alight amount of 
gliding of the bones concerned on each other, aod cannot he performed voluntarilv 
when the foot is raised from the ground. They occur when load is taken by the 
anterior pan of the fwt, e,g. in starting to run or jump, etc,, ami gteatly increase the 
suppleness of the foot, 


VI. THE TARSOMETATARSAL JOINTS 
These are synovial iomts uf the plane variety. Tlie first metatareal bone 
articulates with the medial cuneiform bone; the second is dovetailed in between 


TaiMi^ hiidu 




^ TruJ* rulMhr«i 



THE IN^rERMETATARSAL JOINTS 541 

the mcdin) nud Utcral cuneiform boncs^ articuljting by its b.isc with the intcrmcdinte 
cuniriffkmi bone ; the third Micuhlcs vAlh the latere! cunciferm bone ; the fourth^ 
with the cuboid and Latcml cuneifomi banes i and the fifth with the cuboid bone. 
These joints lie on a line joining the tubereic of the hfth metatursdl bone to the 
tarsometatarsal joint of the great tac^ with the exception of the joint betwxcn the 
second metatarsiL and the intertnediate cuneiform bonc^ which lies 2 mm. 10 3 mm# 
proximal to the line of the others (%. 5S^)- l^he first joint possesses aa independent 
articular capsule and synovial cavity. The articular capsules and s>*no%'ial cavities 
of the second and third joints are continuous with those of the intcrctineiform nnd 
cimeonavicular pints, but are shut off from those of (he fourth and fifth jointa hy an 
interosseous ligament which passes bcivicen the lateral ctinciforrn I>one and the base 
of the fourth metatarsal. The bones are connecied by dorsal and planter tarso¬ 
metatarsal and interosseous cuncoinctatars^l lif^imient^s. 

The dorsal ligaments are fstitmg. Rat hands^ I'he first pietutarsal is pined to 
the medlaJ cuneiform bone by an articular capsule ; the SEX.'ond metatarsal receives 
three bands, one from each cuneiform bone ; the third, one from the lateral cunei¬ 
form bone ; the fourth, one from the lateral cuneiform bone, and another from the 
cuboid bone ; and the fifth, one from the cuboid bone. 

I'he plant&r ligaments consist of longitudinal and oblique bands, disposed 
with less regularity than the dorsal ligaments^ Usosc for the first and second meta¬ 
tarsal bones arc the strongest; tJie second and third metatarsal bones arc joined by 
oblique bands to the medial cuneiform bone ; tfic fourth and fifth metatarsal hones 
are conucctcd by a few fibres to the cuboid bone. 

The tittero&seous cuneometaiansal ligamenis are three in number. The first 
is the stn^ngest ^nd passes from the laicral surface of the mcdialctineifoitn boitcto the 
adjacent angle of the second metatarsal beme and Is constant (fig. 552). The second 
connects the lateral cuneiform bone with the adjacent angle of the second metatarsal 
bone ; it dfies not completely divide the joint between the second xneratan^t! and the 
lateral cuneiform and is inconstant. The [bird connects the lateral angle of the lateral 
cuncifomx bone with the adjacent side of the base of fhe fourth metatarsal hone. 

Movements.—The movements permitted between the tarsal and metatarsal 
bones arc limited to gliding of the bones upon each other. This moverticni is very 
limited in range except in the case of the joint between the medial cuneiform bone 
Sind die first mctatari^, where an appreciable amount both of up and down move¬ 
ment and of rotation of the metatarsal bone can be obtained passively when the 
muscles oonocitied are relaxed, 'rhese movements arc carried o^it actively in 
standing and walking and form part of the mechanism by whidi the foot is kept 
plantigrade w^hcthcr it h inverted or everted. 

in order that the mvurted foot may remain plantigrade on a flat ^rfacc, the 
clex^ation of its medial border^ xvhJch is a necessary' accompaniment of inversion, is 
corrected by medial (or downward) rotation and depression of the first mcratarsal 
and medial cuneiform bancsi brought about by the action of the perrmtus longus 
muscle (p. 675). Conversely, m the case of eversion, the elevation of the lateral 
border of the foot is correct^ by lutcral (or upward) rotation and elevation of the 
first metatarsal and medial cuneiform boncs^ brought about passively hy pressure 
on the ground. As a result of ihesc movements the transverse arch of the foot 
(p, 545) i£ accentuated in Inveraion and Rattened in eversion. 


VIL THE IXTERMETATARJi.AL JOINTS 
'fhe base of the first metatarsal bone is not connected with that of the second by 
anv ligaments; in this respect the great toe resembles the tliumb, .A small bursa 
is often interposed betw^n the lateral side of the base of the first metatarsal bone 
and the medial side of the shaft of the second (fig. 55^1- 

Thc bases of the second, tliird, fourth, and fifth metatarsal bimes are connected 
by dorsal, plantar, and imerosseous ligaments. 

'The heads of all the metatarsal bones arc connected indirectly by the deep 
ifansverac ligament of the sole (p# 

The dorsal and plantar ligaments pass transversely between the bases of the 
adjacent bones- 

The loicrosseoiis ligidaents consist of strong transverse fibres whidi connect 
iho rough fion-ardcuJar ponlons of the adjacent surfaces (fig. 551). 
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Movements.—The movcmeats permitted bettveen the tiinfa.1 cjids of the 
tnctstamai bones art timiied to a slight gliding of the articular surfaces ore upon 
another vfhen the anterior part of the foot ia working under load fe/. movenienta of 
(he intercimelfomi jointa, etc,, p. 540). 


TIfE SYNOV IAL CAVi riES OF THE TARSfiS AND METATARSUS 

'ITie synovia] cavities (fig, 552) present in ilie joints of the Uisus and 
metatarsi^ are sijt m number: one for the subtalar; a second for the talocal- 
^eonavicutar ; a third for the calcaneocuboid ; a fourth for the cuneonavicular, 
intcrciineifonn, and cuncocuboid articulations, the articulations of the irtermediate 
and lateral cuneiform botics with the bases of the second and third mctatoisal bones, 
and the adjacent surfaces of the bases of the second, third, and fourth metalarsd 
bona: a fifth for the medial cuneifonn bouc with the metatarsal t>one of the great 
toe; and a sixth, for the articulation of Uie cuboid bone with the fourth and fifth 
metatareal bone*. A sma IT synovia] cavi ly is somedmea found be tween the contigu¬ 
ous surfaces of the navicular and cuboid bones; it usually communicata with that 
between the cuboid and lateral cuncLform b<mes. 


VIII. THE METATARSOPHALANGEAL JOIMTS 

The metatarsophalangeal joints arc of the condyloid variety and ait formed by 
the rcoeption of the rounded hcadaof the metatarsoJ bones in shallow cavitia on the 
bases of the prooimj] plialonges. They lit 2 5 cm. prosimal to the webs of tlie toes 

'Hie tmicalar fsrfaees cover the distal and plantar surfaces of the heads of the 
metatami bones but do not extend on to their dorsal eurfaca. The plantar part of 
tlie licad of the first metatarsal presents two longitudini] grooves separated by an 
inteneuing ridge. Each groove articulates with a se&aiiioid bone embedded iii the 
plantar Itgament of the joint. The articular siirfhce of the base of the proximal 
phalanx Is concave in ail diameters. ^ 

liie ligaments of the Joint are the fibrous tapsuks, plantar, deep transverse 
niertBtarxil and “ 

The fibrous capsules surround the joints and are attached to the mareins 
of the arti^cular surfaces. Dorsally. they are thin and jiiav be separated from the 
tendons of the tong extensora by small bursae : they are inseparable from the deep 
aurfac^cs of the plsu tar and collaieral Uganicniij, ^ 

The pl^tar ligaments arc thick, dense, fibrous structures. Tliev are placed 
on the plantar surfaces of the joints in the intervals between the coUater^ lieaments 
to which they are connected ; they me loosely united to the uietatanal bones hut 
are firmly fixed to the bases of the proximal phalanges. Their margins are enn 
tinuous with the deep iransvcree metatarsal ligaments, and their plantar surfaces are 
graved for the flexor tendons, the fibrous sheaths of which are connected to the 
Hdcs of the giTOvw: the deep surface of the ligaments form parts of the articular 
for the heads of the nictatar^al bohes. 

The d«p traMverse metatarsal ligameau consist of four short wide Hat 
tened bands which connect the plantar ligaments of adjoining meiatatsophal^eeal 
joints to une another. Their dorsal surfaces are tciated to the interosseo^ mii 4 l« 

and thei r plantar aspects to the lumbncaJs and the digital vessoU and neri'cs 'mev 

correspond cloBciy to the deep transverse metacarpal ligamenift(p. cq, j hut ir, a^.H: 
turn they art eounected tothe plantar ligament of the first mctatamophalangcal St 

I he collateral IigamHits are trvo strong, rounded cords, placed on the rid« 
of the joints ; each is attached bv one end to the dorsal tubercle on tt,,. .:h_ r lu 

h^l d a,. W. „bli,„dy „ "L” S. 

the comsponiiin^ side of the base of the phalarut. 

Movcmefit9,-'nie active movementt possible at the metatimophalanoeal 
joints are very smular to those permitted at the corresponding joints in the hand but 
differ m tlie.r range, I r marked con^t to the condition in the hand, the ranire of 
extension is |p;tater than the range of flexion, and this is associated with the reouire 
ments of wdking 1 his «t «peaally the cose m the metatamophalangeal ioini of the 
great toe, where flexion la limited to a few degrees but extension mav be nossible un 
to ninety deg^s. In this connexion it should he remembered that when the foot ^ 
on the ground the meiatarsopliabnjpil joints are already extended to rather more 
than twenty-five degrees owing to the participation of the metatareal hones in the 
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^fig'Uudir^ wchcs of the foot {figs- 551 S 54 )' Addueiiun is a^wiatcd with 

flciion and abduction with csiension^ except that abduetkin of the lircie lot Is alv^^ays 
associated with a slight degree of flexion. As in the h^tndp the mfwmtnts 

comprise gliding movements and rotation of the phalanges around their long axes* 

Muscles producing the movements.—In flexion* thc^ffXBr tftgiivrum brevis, 
die iumbneuls and the intmssei art the active agetitSp assisted by the flexor digitomm 
longiiB and the accessorius, fn the of the litife toe the fitXfrr digiiimhiimt brevis 
assists, and m the case of the great toe the ytotow haiheu hn^ui el brervis are the 
only muscles concemedp 

In extension, the eximsorti dtgiiorum timgus et brevis and the extensor fiGHyds 
hagus are the only active agents. 

In adduction and abductioni the line of reference p^ea through the second 
toe. The Emu loc is adducted by the iidJuftar hatiu^h, and abducted by the 
abduelor haiincis. The second toe is abducted to the medial side by the first domal 
inter<isscous muscle, and to tJie lateral side by the second. The third and fourth 
toes are abducted by the corresponding dorsal interossci and adducted by the first 
and second pbm^r interossci. respectively. The little toe is abducted by the 
abductor digiti minimi uind adducted by the third plantar interosseous muscle^ 

tX. THE INTERPHALANGEAL JOINTS (iiicital) 

The interphajangeal joints arc hinge joints, and each has an irtieular eapfiulc and 
tivo collateral ligaments. The arrangement of these ligaments is similar to that in 
the me latarwsphabmgeaj joints (p. 54^). The plantar su rface of the anicu Ja r capsule 
is strengthened to form a fibrous piate, similar to the plantar mctuEamnphakngeal 
ligament ^lli3 is often termed the pianfar iigiiment. 

Movement.—The only active movements permitted in the joints of the digita 
are flexion and extension ; these movements are freer between the proximal and 
middle phalanges than between the middle and disid. The anvounc of flexion is 
V'ery considerable, but extension is limited by ihe tension of the flexor muscles and 
by the plantar ligaments. 

The aectssory movements comprise abtiuctlon, adduction and rotation. 

Muscles produeing the movementx i 

Flexion.—Flcxvrea digitorum longua, brevis ct accessonus, flexor halluds 
longus. 

Exietmott .—Extensor hallucis langus, extensores digitorum, Iqngus ct brevis. 

THE MOVEMENTS OF THE FOOT AS A WHOLE 

The movements of the foot may take place cither when the foot is off the ground 
and free to move on the kg or w hen it ts on the ground and bearing weight. In the 
latter case the movernenu arc more limited tn range and they may be imposed on the 
foot by the body-weight acting through the femur, tibia and talus, or they may be 
the result of the active contraction of muscles acting on the fewnL 

When thr fool is ujf the ground, active movements may occur at the talocrural and 
at the lalocalcanronavkukr and subtalar jobts. At the talocrural joint the move¬ 
ments restneted to dursiflexiun and plantar flexion. At the lalucalcaneonavicular 
and subtalar joints, inversion aiut eversion of the ftiot occur, these movements being 
accompanied by a liTiiitcd uniount of rotation around a vertical axis with the result 
that the inverted fliol is rotatcrl medially at»d the everted foot is rotated latcrailv. 

FFAcw the foot is on Ike ground ^nd bearing wxight in the rating position, the 
body^weight, acting through the femur, tibia and talus* thrusts it into the everted 
position and flattens the trJnsvcrec arch. In the process the first metatarfal bone 
la prised upwards with the result that the foot, although everted, can remain 
plantigrade. At the same time the bngitudimil arch of the foot ts flattened, though a 
part of this Rattening is more apparent than real and is due to the fact that the fool 
is rolled over to the medial side at the taltH^cajiconaviculHrand subtalar join tj. WhLm 
the position of rest is changed to the active position, c.g. on commendng to walk, 
the foot becomes Inverted and the longitudinal arch assumr^s its maximum height! 
'Fhis alteration is brought about by the active contraction of the lihialts anterior 
(p+ 672) and the tibialis posterior muscles (p. 6^Sa)p while the simuitancous contraction 
of the pcronctij longus accentuates 1 lie transveree arch, tiepressing the first metatarsal 
hone and so ensuring that the frrot reinaLns plantigrade in the position of inversion. 
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To fulfil tt$ second function the foot must be capable of tmiufommiim into a 
rigid lever which will not colUpse under the body-weight, A segmented lever such 
as the foot, can only withstand stresa if it is built up into an arch form, ind in active 
use. therefore, the muscles acting on the foot convert it into a complex but rieid 
arciied lever. The arches thus formed comprise a longitudinal arch, which is divi¬ 
sible into a medial and a lateral portion, and a tranavetse arch. In the averace adult 
these arches do not flatten out completely when the muscles are TeJaned s^d thev 
arc ihcrefoit; to that cMcnt peimanent. They vary in height in different subjects 

The meJiat arek (fig. 553) is made up of the calcaneus, tJic talus, the navioilar 
the tJiree cuncifomi bones, and the first, second and third metatarsals. Its sumnsit 
is at the superior articular surface of the talus, and its two estremitics or piers on 
which it rests in the erect posture, are the mberdcs on the plantar surface of the 
calcaneus posteriorly, and the heads of the first, second and third metatarsal bones 
anteriorly. The chief characteristic of this arch is its resilience, due to its heiehi 
and to the number of joints between its component parts. The arch is dependent 
for its maintenance on the tibialis posterior, the flexor digitorum longus, the flexor 
hallucis longus and the amaJl muscles in the sole of the foot. Flattening of the arch 


Similar movements can be imposed on the w'elght-bcaring foot by active rotation 
of the femur. Lateral rotation of the femur is transmitted through the tibia to the 
talus and the foot becomes inverted passively at the talocalcaneonavicular and 
subtalar joints. Medial rotation of the femur has the opposite effect. 

TmE AKCtlES OF TfiE FOOT 

The foot has two important functions to perform, (()It must support the weight of 
the body in standing, (2} h must act as alevcr to propel the body forwards in walking. 

To fulfil the first function perfectly, the foot sJiould lie flat on tlie ground and 
should be pliable citough to adapt itself to uneven surfaces. In actual fact, the fi»t 
of the child approaches this ideal much more nearly than the foot of the adidi, which 
is, to a Certain extent, permanently arched, 

Fio. —The skeleton of the left foot. Mediitl sipect. \iiie die height of ihc 

medial part of the lontpnulinsl arch uid oentpore with fis'. 55^- 
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S9 resisted by the tension of diese muscles and by the pLajitar apanenrosis and the 
plantar ligaments of all the joints concerned, including the plantar calcaneonaviculiir 
or" spring ' Itganient (p. 539). 

'Hie lateral arch (fig. 554) is composed of the calcaneus, the cuboid^ and the 
fourth and fifth metatarsi Its summit is at the subtalar articalatlon^ and 

it» chief joint is the calcaneocuboid, which allows only a ILmitird range of movement. 
The mo&t marked features of this arch art its solidity and its slight devation ; it is 
supported by the peroncus longus and dse short muscles of the litde toe, and its 
integrity is preserved hy the long plantar and plantar calcaneocuboid ligaments. 

In addition to the jougitudinal arches the foot prirsencs a series of 

At the posterior part of the metatarsus and the anterior part of the tarsus the 
arches are complete, but in the middle of the tarsus they present more the characters 
of half-dnmcs the concavities of which am directed downwards and medially, so 
that when the medial borders of the feet are placed in apposition a complete tarsal 
dome is formed. Tlic transverse arches are supported by the sliort ntuscles of the 
first and fifth toes (especially the transverse head of the adductor liaJlucis], and by the 
pcroncus longus, the tendon of which stretches between the pier^ of the arches ^ 
lltey are strengthened by the interosseous and plantar ligaments^ 

It should be observed that in a normal foot the arches become dattened when the 
erect posture is assumed, and are restored w^hen the weight of the body is taken olT 
the feet. This rrsilicnccaccounts for the suppleness of the noimaJ foot and enhances 
the %^luc of the arches by rendering possible such rapid and sudden movemcnis as 
running and jumping. 

In the resting upright posture die feet take up the position of eversion, but the 
first metatarsal and medial cuneiform bones arc elevated ^nd rotated upwards 
rcLativ'^e to the nest of the foot (p. 541)- The latter movement is csseniial to allow 
tlic lateral border of the everted foot to remain in eoritact w^itll the ground, and it 
results in a fiattening of the transverse arch of the foot* The medial longitudinal 
arch appears to be more flattened than can be accounted for by the elevation of the 
fim metatarsal bone. 'Fhis is due to the fiict that in eversion the arch mils over, as 
it were, to the medial side, so tliat its concavity facts laterally and dm^w-ards 
iristead of directly downwards- 

VVTion the posture is changed from the position of rest to one of activity, the fc>ot 
becomes slightly inverted^ die medial longitudinal arch is both apparently and 
actually raised and the transverse arch is accentuated by the action of the peroneua 
longus (p. 675)* In this position the foot functions as an almost rigid but yet slightly 
resilient lever, as the full value of both arches eon be utilised. 

It should be observed that when the foot is on the ground it is not fre?e to move 
round the talus in the movements of eversion and inversion, and these movements 
are brought about, in large part if not entirely, by a twisting of the talus on the rest 
of the foot. Tilts twisting is the result of rotation of the lower limb, cither at Use knee 
or at the hlp-joint, and is transTtUtted to the talus through the tibiafibuliir mortise. 

Applied AnatOTHy .— In young children the foot appear^ to be completely flat in the 
resting upright posture^ owing m the fact that it is everted at the subtslsr joints and 
supjnatcd at the first cuneometaraisal and cunc4rLaviC'ul»r joints ; during activjryi 
however, the arched form of the foot at once becomes apporeni. In most adults^ on 
the other hand^ the foot docs not fiatten completely in the resting upright posrure, for, 
vinth increase of age, the arches hecottie to some extent pemiimrnt structures. In 
some adults— particularly those with long and narrow feet — the foot appciirs to be 
ubnumiaJly flar in [he resting posture, hut the arches beCDntc apparent during acrivlty.. 
The functions of the foot arc not impalErd, hut, despite this fact, these cases are often 
described m cihibiting a * first-degtec flai foot 

There are two varieties of flat foot associated with itLarked tnipaiTtnirnt of fiinctioti. 
In the first the flat, everted position Etssumed during rest persists when the resting 
posture i$ changed to one of Aciiwty, although the fooi am hiiH assume a normal arched 
form w hen not bearing weight. In this variety the deformity is purely postural and is 
due to los* of muscle tone and lock of nmscular co-ordinHtiDnr It is communly associ¬ 
ated widi pain w hitli U due m sire Eching of the plantar ligameu ra of the j r>intx of the foot. 
The condition is often a local manifestation of a general postural deficiency, and its cure 
diercforc depends upon correction of bad pustural habS ts and nr-cd ucation of the muscles. 

In the s4^Dnd variety the flat, everted position of die foot becomes fixed rs n resuli 
either of persistent musek spasm or of joint sriffhess following some mflammatory 
process. Such cases are described as * rigid flat foot rx the arched form of the foot 
uannot be produced even by passive movefnents. 
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ITSCtJLAR tissue is known vo iht layman as * ficsh \ and it is mast familiar 


iVl to him as the lean parts of a joint of meat, 'j'here are three varieties of 
muacular tissue: (i) ttripi^ or voluttiary, (2} unitriped or p/ttifl, and (3) cardiac. 
The microaeopical characters of these three varieties liave bwn described in 
3 previous section (pp. 31 to 37). This seetjon deals only with voluotnry 


muscle. 


The individual Bhrca of volurtar)' muscle with tlicir sheaths of t&tcedemma 
(p. 32) arc bound together into bundles or fasciculi by a connective tissue covering, 
termed the perimysium. Omups of fasciculi arc in turn bound together by a 
similar but denser covering, termed the cpimysiurn, and these groups form the 
individual voluntary mujc/er of the body. The voluntary musetea of the eyeball, 
ear, tongue, palate, larynx and pharynx are considered with the anatomy of the 
organs concent.-d, but all the other voluntary muscles of the body w’ill be i ncl u ded 
in this section. 

All muscular tissue possesaea the property of eontractilily. and movements of the 
body as a whole or of any of it* parts arc cfTcctcd by the active mnlraction of a group 
or groups of voluntary muscles. 

Types of muscle fibres.—Many bivalves ate provided with two distinct types 
of voluntary rnusclc. The one consiats of pale fibres, which are capable of rapid 
contraction and have a high metabolic rate. They come into play to elTeet the 
closure of the Bhctl. "lltc other type consists of dadi, red fibres, which coniruci 
more slowly and have a lower metabolic rate. In these fibres the nuclei tend 10 be 
placed mote centrally and their structure is rather more primitive. Their function 
is to keep the shell closed. In man and other vertebrates both pale and red fibres 
arc present in all the voluntary muscles, but in vaiying proportions. It baa been 
estimated that to same muscles, c.g. the Gastrocnemius, the pale fibres pre¬ 
dominate, while in others, e.g, the Soleua, the red fibres are in the majoritv and it 
has been suggested that the former are mainly Mncerned with the ioitiation and 
performance of movements, while the latter are mainly concerned tvith the dc- 
lemiination and maintenance of posture. Speaking bmsdlv, red fibres arc present 
in relatively greater numbers in anti-gravity muscles, which for the most pan arc 
extensor muscles. In this connexion it is interesting to note that in the Quadriceps 
extensor muscle group of the thigh (p. 65S) the Vastus lutcralis has l>cen shown to 
possess a relatively high content of red fibres.* allbough the N astus medtalis is 
composed largely of pale fibres. This would appear to suggest tliat a high pro¬ 
portion of red fibres in one constituent muscle of 1 group is sufficient to iw'cr the 
requirements of ntovxmcnis and jmiiticnqntic. 

Attachments,—In order that a muscle may exercise its function of producine 
movements, it must Ijc attached at both of its estremitics. When a muselc roniracts 
one of iu attachments remains relatively stationary, while the other is approximated 
to it. The term angin i* used to designate the more fixed attachment Ld the leim 
iitierffon to designate the movable point at which the force of the muscle is appliioi 
As a general rule, so far as the limhs are donwmed, the origin i* the more proximsj 
extremity of a muscle and the tnsertion the more distal. In accordance with these 
definitions the contraction of a muscle results in the approximation of its imertfon 
to its origin, but the terms are arbitrary and used for rotivcnieiice only and it 
frequently happens that the ootitraction ofa miiscie may result in the approxWation 
of its origin to its insertion. I he Gluteus maximus provides an illustration of this 
fact. When it assists in extending the flexed thigh, its insertion into the cluteal 
tuberosity of the femur is then approximated id its origin from the dorsal suifact of 
the sacrum. On the other hand, when the body is bent forwards at the hips the 
Glutei moximi i^ist in restoring it to the erect ^sturc and, in this movement' the 
origin is approximated to the inscrlitm. ' 

'Fhe voluntary miuclcs are attached to the bones, cartilages, ligaments, akin or 
to other muscles, either directly or through the medium of fibrous structures .-..IM 

• Dcn»S'-Urqwn, D. E., /Vw;. Roy, ,^3^^ 
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lendoM and Hponcuroscs. Where a muscle is attached directly to bone or cartilage^ 
the perimysium blends ^vith the periosteum or perichondrium so that the fleshy 
fibres do not actually come into direct relation with the osseous or cartilaginous 
tissue, although they may appear to do so. Where muscle fibres are inserted into 
akin. e,g, the inuaclcs of facial cipn^ion, they lie as a flattened layer on its deep 
surface and their perimysiuiti blends with the subcutaneous areolar lEsauc. It may 
be noted that in such cases the iusertion is incapable of becoming the fixed pointy so 
that cofitracdon alii^-aya approximafea the insertion to the bony origin. 

Most muscles are provided ivith tendons at one or both extremities. Tendons 
are known to the layman m * sineivs ‘ or * leaders *; theiv consist of xvhiie fibrous 
tissue (p. 14) and are usually cord- or band^likc Ln appeiianoe. In flat, ahcei-like 
muscles, which have a wide area of attachment a relatively thin but strong fibrous 
sheet tak« the place of a cord-like tendon and is termed an Where 

no tendon or aponeurosis can be seen with the naked eye, the attachment 
appears to be fleshy In character, but. as already stated, it is actualEy eflected 
through the medium of the fu^on of the perimysium with the periosteum or 
perichondrium. 

Where one muscle is attached to another, the character of the connexion may be 
fleshy, tendinous or apoi^urotic. (r) The fleshy fibres may interlace, e.g, the 
mylohyoid muscles, and the perimysium of the one fuses with the periniyEium of the 
other. (1) The rutj muscles may be connected by a common tendon. Such muscles 
are termed digastric and the t^vo fleshy bellies are usually set at an angle which is 
fnaintained by a fascial loop thrown round the tendon from an adjoining bony points 
(j) The two muscles may be connected by the inierhicement of the fibres in their 
aponcuToses, e.g, the mugqlcs of the abdominal wall. 

Attachments of muscles escert a definite influence in the modelling of the bones 
of the skeleton and. when the attachment is tendinous in character, localised, elev¬ 
ated areas are usually present On the other hand, when the musde is attached 
by fleshy fibres the bony surface is smooth, and show^ no corresiwndinE 
devations^ 

I he mu 5 cl<s of the limbs with very few exceptions are inserted immediately 
distal to the joint on which they exert their principal action. This arrangement 
Implies a loss of mechanical advantage, but what is lost in power ia gained in the 
speed with which the hand or the foot, as the case may be, is moved over a wide 
range. For example, when the Brachial is muscle coniracs, its insertion into the 
coronoid process of the ulna moves round an an: of a drcle %vith a very short radius, 
but in the same period of time the hand moves round the corresponding arc of a 
dreic whose radius is the Eength of the forearm and hand. 

Muscular form.—l^hc/orm of a muscle depends on the number and arrange- 
mem of its constituent fibrci. When the fibres are arranged parallel or nearly 
parallel to what may be termed tlie ^ line of pull ^ of the muiclc, the full advantage 
of the muscular contract!hry is avaitabie and the maximum range is obtained. 
Such mu^lo may be ^adrifatrralt tike the Thyrrohyoid ; futi/orm^ like the Flexor 
carpi red!alts ; or such os the Banorius. I f, on the other hand, the fibres 

are arranged obliquely in relation to the " line of pull \ the range is diminished, for 
the force of the uiuscular action can then be resulved into two components, one 
acting in the ' line of pull ^ and the otiier at right angl@ to it and therefore valueless 
^far _aB the range of the muscle is concerned. This oblique arrangement of the 
fibres is seen {a} in unipeHfmte muscles such as the Flexor pollida longue, in which 
tendon of insertion extends upwards along one border of the muscle, fo) in 
hip^^nmu muscles, such as the Rectus femoris, where the tendon extends upwards 
through the middle of the muscle, and (c) in mutiipenrniie muscles, such as the Del¬ 
toid, where a number of extensioirs pass upwards into the muscle from its tendon of 
insertion. The saine arnmgernent is seen (d) in iri^ngular muscles^ such as the 
Femporelis, in which the muscular fibres converge on an apical tendon. Aa a rule 
various forms of pennatc and triangular muscles contain a larger number of 
fibres than fusiform, quadrilateral or straplike muscles, and ihcy are found in situ¬ 
ations where increased power is essentiaj, because tAe p^itrer 0/ a muich is dirts^th 
proportional to ihf numher of its Conititu^m Jibres. 

Muscular coniractioju—W'hcn a nuucle is called on to participaie actively in 
the prodLictjon of a movement, all of its fibres ore not necctaarily tliiown into om- 
tracitoo, for it adapts itself 10 the work which it is required to perform, and the 
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QiQre vigorous the effort drmafided, the greater the number of fibres involved. 
The contraction of any individual librc is always maiimal, and this £a often referred 
to 23 the ^ all or none' prindple of muscle contraction^ During contraction a 
mtiscle fibre may shortefi by thirty to forty per cent* of ila uncontracted length.* 
As all the flbres in a given muscle arc attached by one end to the lendon of origin, or 
its pralongation into tlie muscle^ and by the other to the tendon of iosertbn, the 
majcLmum amount of ahortetiing of the muscle is equal to the majcimum amount of 
shortening of any one fibre, provided that all the fibres in the muscle are uniform in 
length, e.g. Sartorioa* Owing to the rigidity of the bones> the amount of shortening 
possible is only a amail perotnLage of the distance betxvten the origin and the 
insertion, and the length of musde fibres is adapted to their requirements. When, 
therefore, the muscle fibres arc arranged parallel to the ‘ line of pull \ the muscular 
belly may be relatively short, and k is then provided with a long Tendon—an arrange- 
menl which is both economical and efficient, for muscle tissue has a high metabolic 
rate und white fibrous tissue a low onCi 

Muscular actions,—I'heoreiJcally a muscle is capable of acting on every joint 
over which it passes^ and the particular movements in which it tafce$ part depend 
on the rclaiiDnshtp of its * line of pull ^ to the astes of tlie movements of the joint. 
For example, a muscle which passes in front of the trartsverge axis of the shoulder 
joint will take part in the movement of flexion and, if it pa$$«s below the Joint, it will 
also take part in adduction, li is movements^ however^ and not mdjvidua] muscles 
which are rtpresemed in the cerebral cortex and h dijits not follow tliai: a muscle will 
participate in a given movement because the mechanics of its sttacluuents enable it 
to da so* 

When a movement is cairicd out, a definite combination of muscles is called into 
play, and no muscle can be omitted nor can one be added, voluntarily. One 
muscle or mpne of the combination h the pnmf mmTr, and its active contmetion 
necessarily involves the rcbxaticm of its antagoiifsL The full effect, however, of the 
contraction of a prime mover can be obtained only when one of its attachments 
[usually the origin) is fixed ; therefore, in the case of limb niovemetils, every con¬ 
traction of the prime movers ts accompanied by the contraction of gmiaps offixatim 
muz£kf. For example, the I>cltoid is the prime mover in abduction of the arm and 
it can esert its full effect only when its clavicular and scapular origins arc fixed. As a 
result abduction of the ann is alw'ays accompanied by contmetion of muscle inserted 
into the scapula; and they arc the fixation muscles for that movement. 

Many muscles, if acting unassisted, would fail to develop their full cfllckncy on 
account of the physii^I possibility of the occutrcrncc of subsidiary^ harmful or hamper- 
i ng movemc nts. This is partiojlarly the wt w hen a muscle pas$es over several joi nts 
before it rache^ its insjertion, but it occurs also in cases where only a single Joint is 
involved, particularly when the joint is meclianically unstable. The prevention of 
such harmful or hampering movements is effected by the contraction, or increased 
to mis, of other musdes, w hich are described as lyiiergii: in this cennexioru For 
example, when the fist h dcnchcd, the prime movers are the flexors of tJic fin^era 
the flexors and adductor of the thumb and the Opponena polHcis muscle* The lonE 
flexors pass In front of the wriai joint and am able to flex that joint, but only at the 
expense of the power w ith which they act on the digits. The extensors of the ivrist 
which art the synergic muscles for the movement, are therefore thrown into con¬ 
traction in order to steady the wrist and obviate this loss of power. 

The jnstabLiky of the shoulder joint calls for the constant aciivitv' of syneneic 
muscles during free use of the arm* In the initial filage of abduction the tendenrv 
of the head of the humerus to glide upvvards in the glenoid cavity under the pull of 
the deltoid muscle is cotinteracicd by the svmcrgic action of the Sgbsoapularis 
Itifraspinatnsand leres minor muscles, which exen dQwmwTird traction on the head 
of the bone (p. 487). In the same way, when the arm ia raised from the side the 
tendency of the head of the humerus to skid back^vards is counteracted bv the 
synergic melton of the Subscapularis, which ftteadica and contn^ls the head retinioE 
it in its comict relationship to the glenoid cavity. It should be obsen^ed' however 
that there is no essential difference between fixation and sy^ntrgic musdes in m 
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far as they both prevent waste of power and loss of effidtncy on the part of the 
prime movers. 

Under certain conditionsi the muscular groups which arc called into play for 
some movements arc profoundly altered by the action of gravity. When the bculy 
is in the erect posture flexion of the trunk is initiated by the ventral muscIcs,^ but 
[hereafter the morvetnent is carried out by the action of gravity^ controlled and 
regulated by the Ercctorcs spins^ The abducted arm is brought down to the side 
in a similar manner. In this instance the action of gravitv ts control led bv ihe 
Deltoid muscle^ and the adductor muscles do not participate in the movement unless 
resistance is encountered. 

It will now be apparent that the efficient performance of any movement depends 
on the proper co-ordination of prime movers^ antagonists and fixation and synergic 
muscles, and this coordination is ensured by the manifold connexions which eitist 
within the central nervous system. 

Muscle tonus.— When nnrmally innen-ated living ntrialed muBcle is stretched 
ii puJla back against the extending force and active re^iatance Lb encounicred. 
Sherrington shouted that the active resistance depended on a reflex arc involving 
the Sensory organs in museJe (muscle spindles) and the nerve ending tn tendons 
w'hich respond to stretch and therefore are termed stretch rcocptora (sec p* 921), 
afferent fibres to the spinal medulK and clferent (motor) fibres to the muscle undcr^ 
^jtng stretch. He also 3howx:d that the active reeisiance{atretch rcftex lcould be divided 
into two pans* lirstly a phasic (fast) component to sudden stretcii imd secondly a 
static (slow' component) to maintained slrcleln Sherrington suggested that w h'et^ 
ever a niusclc in vivo ivas extended a stretch reflex would be initialed teriding to 
produce reflex motor unit activity in the same muacle. This reflex motor unit 
activity was ca:!lcd muscle tonus or tone* 

Clinicians also use the term muscle tone to signify the resistance due to muiscles 
encountered during the passb'C manipulation of a limb. ' I’h is resistance is a measure 
of the static component of the stretch reflex, while eliciting a tendon reflex measures 
the phasic component. 

Klcctromyography has demons!rated that a normally innervated striated mu^le 
at rest exhibits no motor unit activire although its stretch reflex and lonus may be 
normal. Muscle tonus may conveniently therefore be defined as the sensidvitv to 
the static component of the stretch reflex. A muscle may thus he said to pcMBcas 
tone even at limes when it exhibits no motor unit aeiLvi^, Variations in muscle 
tonuB thus defined may result from alteration of activity of the muscle fibre^B eon- 
eemed in the muscle spindles (see pp. 935“-9a6). 

Muscle tonus 1$ of greai importance in the maintenance of posture and for the 
maintenance of a continueti state nf p rcparedncss of the muscles for action. Itiscle 
tonus Is lost if the spinal mcdtilEa is dcBtroyed nr if ihc motor or sensory^ nerves to the 
tnuRcle are revered. 

Blood-supply.—'llie blood-supply of mureles is derived from the muscular 
branches of neighbouring arteries. In many muscles the branches of the principd 
artery' and of the nerve of supply enter together along s line which is often termed 
the Ai/um^ This Is more or less constant in poBition. Subsidiary' 

arteries are generally present and enter ai the pcriphciy^ of close to the ends of the 
musde. Within the muscle the hh>od vesscia anastnmore and terminate in a fine 
network of capiUrtrics around the muscle fibres. The si^e and number of inde¬ 
pendent arteries and the manner and effldcnc)' of their anastomoses vary with the 
individuaj mureles.* 

Nerve^upply.—.Each voluntary muscle receiver one or more motor nerves of 
supply. In the cases of the limb muscles and the muscles of the lace^ head and neck 
the nerve-supply is usually single, but where a muade retains iis segmental arrange¬ 
ment (e,g, the muscles of the abdominal wall), its neryc-supply is multiple. As a 
rule, after dividing into several sitiall hranchca, the nerve of supply enters the deep 
AurfacK of the muscle not far from its origin and then forms an intratnusculaj plexus. 
The site of entry' of the ncree is fairly conBtant for each in dividual muscle. Each of 
the fibres derived from the intramuscular plexus inncrvatcB a large mimber of 
muscle fibres (p. 926) through terminals which lose their mydin sheadis w hen thev 
pkree the sareolemina to end in a mofar end-piaie (p. 936), in additiorr, moi 

* J. C. UnwK is-twro-raicufaf Hih Mutfhi. Livinpratone, KdiiibiirRhand 
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muscles aisu possess a aciuory nerve-supply. Tlicsc alTcncnt lihrea run in the same 
nene-lrunk as the moEar tibres and convey proptiDCcpiivc impulses, being irmst 
numerous in tuuscIcs primarily concerned wiih posture. Their terminals are 
lusocuitcd with HfUroteiiJititfut rndingi and tirvrffttmscular ipindtes (p. 925). 

Re>ci[iFocBl Innervation of Muscles,—It has already been stated that the 
cont ruction of a group of prime movers is, under normal ciraunstances, a] ways accom¬ 
panied by a corresponding degree of relaxation of the appropriate antagonists. This 
constitutes the * principle of recipnjcal innervation ’. '[‘lie connexions in the central 
nervous systeiti which proviile the pathways concerned arc available not only in the 
spin a| med ulk but also at higher levels, inciu ding the cerebral cortex. 11 appears that 
an afferent to the spinal ntedulla—irrcapcctive of the character of tiie stimulus which 
it conveys—can at the same time evoke activity of a motor (say, flexor) unit and 
relaxation of a corresponding antagonistic (extensor) unit. It is true that by 
voluntary effort both prime movers and tbelr antagonists can be thrown into 
contraction simultaneously. This possibility docs not vitiate the principle of 
reciprocal innervation but must Iw regarded as an instance of die dominant part 
which tlie cerebral cortex can play in muscular control. 


THK TliNDONS. APONEUROSES AND FASCl^fE 

Tlie tendons are tough, whitish cords, varying in length and ibichiiess, and 
devoid of elasticity. They consist of numerous parallel fascicles 0/ collagen fibres 
and their parent cells, surroundnl by fibro-arcotar tissue which binds them all 
together and constitutes the inicrfaseicular tissue. Where ilie tendon [eaves the 
muscle, its interfascicular tissue is continuous with the perimysium of a group of 
muscle fibres, and die sarcolemmal sheaths of the fibres are continued as outlawn 
bundles. Where the tendon reaches its attachment to bone, the interfascicular 
tissue blends with the periosteum, but the collagenous fibres pass through the 
cortical bone as the perforating fibres of Sharpey (p. 2j),* 

The blood-supply of the tendon cells and the interfascicular tissue is derived 
from a number of longitudinally running Small arterioles which are continued down 
from the perimysium and course for the most part in the interfascicular grooves 
These little vessels communicate freely with one another and each is accompanied 
by two ven® comitantes and four lymphatic vessels, 1 n situations where the tendons 
art running free and arc not provided with synovial iheaths, tfu^- arc surrounded by 
loose fatty areolar tissue through which the neighbouring vessels communicate with 
and reinforce, the interfascicular vessels. Where the tendons are enclosed in synovial 
sheaths, small vessels traverse the vincula and link up with the inter fascicular' vessels 
and with the vcsscia running in the synovial covering of the tendon. 

So far as is known, these vessels are restricted in their distribution to the tendon 
cells and the inierfascicular tissue. The collagenous fflsdelcs, hem 33 elsewhere 
in the body, have a low meiabtdic rate and constitute one of the most economic of 
all the tissues. 

Nerves supplying tendons end in what arc known M neurotendinous endines of 
Golgi; these arc described with the organa of the senses. ^ 

The aponeurosM ore flattened or expanded sheets of white fibrous tissue of 
a pwrly-whitc wfour. iridescent and often glistening; tlicy are only sparin'elv 

supplied wstll DlC>£H3'VeSAtla_ V r ft J 

I'he tendons and aponeuroses connect the muscles with the structures to be 
moved, such as the bones and cartilages. Where the end of a muscle is cominutxl 
directly into a tendon, the hnc of junction between ilie two is usually vi^ll-dcfined 
but where the muscle meets the tendon obliquely, bundles of tendon ftbres gcnerailv 
run for a variable distance imo the substance of the muscle,» ^ai the line of iunc 
lion is irregular. Microscopic examination show* that, in either case the tendon is 
subdivided into small bundles, corresponding in size and number with the fibres irf 
the muscle. Each muscular fibre ends in a more or less rounded extremity covered 
with sarcolemms. and the fibres of each tendon bundle are intimately united with the 
satcolcmma covering the end of the mu-wular filjre. The mode of union is well 
shown when the muscle fibre hiw shrunk inside its aareolcmnia. 

• D- A. W, Edwjirdn.X ®o, 1^46, 


TEXDOXS, APONTiUROSES AND FASCLE 551 

Tn Siituaiir^tia where !i muscle has to bend round a bony point to reach its insertion 
the fleshy fibres cease before the change of direction bcj^ns so that the part sub¬ 
jected to pressure at the bend is lendinous in character. Friction ie obviated by the 
provision of a synovial sheutli or bursa (see below). 

The fasciae are fibro-areolar^ rnembranous lamin^^ of varinbic thickness and 
strength^ found In all regions of the body, inventing tlie softer and more delicate 
organs. During the process of tlcvelopment irmny of tiic cells of the irtcSExiemi 
are diflcreiitiatcd into boncs^ muscles, vessels, etc.; tfic cells of the mesoderm 
which arc not so uiilised form an investment for these structures and are differenti¬ 
ated into the true skin and the fascinr of the body« The foscire are subdivided into 
auperfidal and deep. 

The jwprr^ftVa/ /dJftd is found imincdiatcly beneath the skin over the entire 
surface of the body. Ii connects ihc skin to the subjacent paitap and consists of 
fibro-areolAr tissue^ containing in its meshes pellets of fat in varying quantity. 
It varies in thickness in dilferent parts of the body and is thicker and more evenly 
distributed in womrco than in mctu It fadhtates the movement of the skin, serves 
as a soft bed for the passage of vessels and nerves to the skin^ and retains the wanntK 
of the body, since fat is a bad conductor of he-aL In the groin, especially in fat 
subjects, it may be subdivided into several lamJrue. Beneath the fatty layer there is 
generally another layer of superficial fascia^ alnioai devoid of adipose tissue, in 
which the trunks of the subcuiducous vessels and ncr\x*s and the superficial lymph- 
glands are found. Certain cuiancous muscles are situated m the superficial fascia, 
c>g- the Platysma and the muacles of the face. 'Fhe superficial fascia is most distinct 
at the lower part of the abdomen^ where it contains numerous yellow elastic hbrea^ 
in the perineum, and in the limbs t it is very thin on the dorsal aspects of the hands 
and feet, on tire side of the neck, in the face, and around the anus. It is very dense 
in the scalp, palms of the handii^ and soles of the feet, fomuiig a fibro-fatty layer 
wEich binds the skin firmly to the underlying struetures. 

The drep fasim is a dense, ineLasric membrane^ forming sheaths for the muscleSp 
and in some eases affording Them broad surfaces for attachment. It consists of 
bundles of while fibrous tissuep placed pa mild with one another and connected 
together by other fibres disposed in a rrciilincar manner. It forms a strong invest¬ 
ment which not only binds down collectively the muscles in each region^ but may 
give a separate sheath to each, and to the vessels and ncn^cs as wcU. It assists the 
muscles in ihdr actions by the degree of Tension and pressure it mokes upon their 
Surfaces i tn certain situations the degree of tension and pressure la regulated by 
muscles inserted into it, as^ for insiancCj by the Tensor fasciEE false and Gluteus 
tna.timna in die thigh, and the Palmads longua in the hand. In the ILmba, the fascia 
not only invests the limb, but gives olT septa which separate ilic various muscles, 
and are attached to the periosteum ^ these pioLongadons of fascia: are uEualiy 
spoken of as mifTmasruhr jep/tf. 

In some Situations the deep fascia shows a localised thickening, conslsfing 
largely of tianaversely running fibres. These arc termed rt^iiftaraia and they form 
retaining bands in the neighiKi'OfhiXHl of the wrist and ankle joints to hold down the 
tendofis. They are attached to the adjoining bony prominences and they help to 
form ostcofihrous canals through which ihc tendons pass, When the muscles con¬ 
cerned contract vigorously, and bring about nvovements of the hand or foot, the 
tendons pull against the retinacula, which function as pulleys and senx to prevent 
loss of power. Synovial sheaths are provided for the tendons in these aimations in 
order to obviate friction. 

Similar faicial thickenings occur in the palm of the hand and the sole of the 
fool and on the flexor aurfaces of I he digits. In the first two situations, in 
addition to cjcerciaing a restraining effect on the tendons, they have a protective 
function. 

Synirrislburtitiindsh&thi .—In ceitain situations where friction is likely to occur, 
e*K. where a tendon twists round a bone or where a subcutEincous bony poini is 
liable to pressure^ a definite sac i& formed in the interposed fibm-areolar tissue, the 
walls of which are identical in structure with the synoriaL mcmhnine of synovial 
jointa fp. 4.54b These sacs arc termed The synovial shtafhi^ which 

arc associated w'ith many of tlic tendems and will be described individually with them, 
have a similar structuren 
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THE FASCIA .AND MUSCLES OF THE HEAD 
L The Muscm of Facul 
(/I) TJii l/tt Sciiip—Epimnim 

The EpicraniiiS consists of iv^o main parts ; 

Ocdpitofmntalis Temporopjitietdis 

The superficial fascia in the scalp ie a firrn^ fibr(>fatty kyur.. intimately 
adherent to the skin, and to the imdcTlying Epicfaniuia tnii^Je and its apanmnusts, 
the galea aponeiirotica; behindp i\ m continuous with the suptificial fascia at the 
back df the nech^ bteraltyi it is prolonged into the temporal region^ where it is 
loo&er in texture. 

The Occipitofrontalis is a broad, musculofibrous layer which cavers the top of 
the skull, from the nuchal lines to tlie eyebrows. It consists of four bellies—two 


Fio% —The muielsi of the Acalp ind ftee. ftij^ht btEKtJ upeen 
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oedpita] and two frontal—connected by an Intervening aponeurosis. Krmcd the 
gaJea aponcuroticu. 

Each Off^tVof Mfy, thin and quadrilateral in form, arises by tendinoua fibre* 
from the lateral two-thirds of the superior nuchal line of the occipital bore and fram 
the mastoid part of the temporal bone. It ends in the gaUa aponeurotica 

Each Frontal belly (fig. C55) is thin, of a quadrilaictal fom. and intimatdv 
adherent to the superfidal fascia. It is broader than the Oocipital belly and i 4 
fibres arc longer and paler in colour. I t has no bony attstchmenis. Its mcdUl fibres 
arc continuous with those of the Procerus; its intermediate fibres blend with the 
CoTTugator supercilli and Orhiuifaris oculi; and its lateral fibres are also blended 
with the latter muscle over the itygomatic prHOcess of the frontal bone. From iheac 
attachments the fibres arc directed upwards, and join the galea aponeurotica in front 
of the coronal suture. The medial margins of the Frontal bellies arc joined together 
for same distance above the root of the nose; but between the Occipital bellies 
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then: is a consldentblc, though ^ ariibk', internal, occupied: by an extctuion of the 
uponcurotic^^ 

Tlic Tempompani^ialis is a variably dcvclcfpcd sheet cif ltlu!9ck which lies IxrlwTen 
the frontal belly of the Occipilofroiitaljs and the anterinr and superior Aliritrular 
mtiscics. 

The j^alea itpontvrufiru (ep/rranw/ apfttrrurush) cover? I he upper part of the 
craniun% and forms with the Epicnentij^ niiU^Le a continuous fibromuscular sheet 
extending from the nuchal lines to the eyebrows. Behind, in ihc interval between 
the i>cdpital of the Occipitofrontalis, the galea a|>oncumiica is attached to 

the external c^cipital prolrubcrance and highest nuclial line cif the occipital hone. 
In front it splits to enclose the fronial bellies and sends a short namnv prolongation 
between them. On each side ii gives origin to the Auriculares anterior et superior ; 
in this situation it liccome* thinner, and is continued over the temporal fascia to the 
zygomatic arch. It is closely united to the skin hy the firm, fihrivfbtty siipcrfickl 
fascia ; it connected to the peril rani urn by loose Lillular tissue wliich allows of 
the movcmcfii of the galea aponcumiica, the latter carrying with it the skin of the 
scalp. 

Nerve-supply,— The Ocdpilal bdly is supplied by the posterior auHculor 
branch, and the Frontal betiy bv the temporal branches, of the facial nenc. 

Actions.-The Occipital bellies draw the scalp backw ards; the Frontal bellies 
acting from above raise the eyebTOvrs and the skin over the root of the nose ; aciing 
from below they draw the scalp forwards, throwing the integument of the forehead 
into transverse wrinkles. The Occipital and Frontal bellies, aedng alieimiicly. 
tnoVC the entire scalp backwards and forwards. I n the ordinary action of the Frontal 
beIJies the eyebrowa arc elevated^ thus giving to the face the expression of surprise: 
if the action be exaggcraicd, the cycbrovfs arc stilt further noised^ and the skin 
of the forehead thrown into transverse wxinklds^ as in the expression of fright cr 
horror* 

A chin musctilar slip, termed the T'ransrrrsus is present in about 25 per 

cent, of cases; it arises front the external occipital protuberance or from the 

FlO. 556, A c«ninal section thmugh the icnlp iinil skull, DEaKrupmuBiit. 



superior nuchal line, either superficial or deep to the Trapessios [ it is frequently 
inserted witli the AiiricuJairis postermr* but may join the posterior edge of the Slcmo- 
mastoid. 

Apphtd j^rratomy .-—Hlic soilp consists of five layers, vSe. the skin, subcutanemjir 
tissue^ Fpicrnnitfji, and its auht^pcineuTmic araibr tissue, and peri- 

enmium (fig. 55^). But from a surgical standpoinE it i& belter to rej^rtJ the iirsi 
three of these is a single kycr, since they arc all intimately uni ted, and wheri tom off 
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in iin accidentp or tymnl dnwn » a Hap in a surgical aptTntk2n^ mrEAin (irmly can* 
necicd ro cai;h other. In cnn^ti^iJicncc of thi^ dense chajActer of the subcutJiiieDua 
tissue, the amount of swelling which Dccurs as ihe rttuli of inflaoutiaricin is slight ; 
And A Wound which docs not invoK-e the Epicianius or the galea apuncurndL-A docs not 
gnpe. I'he hltHHl^v'csscb w^hich lie in this tissue do not conirsci when wounded^ and 
theiefoTo the harmorrhage from scalp vi^oundi is often ven^ consEdemble. U caHh 
however, always be arrested by pressure—a matter of gnesl importance* aSp oiving to 
the retrActinn of the cut ends, it is often very dLfTiirult or impossible to pick up w^ith 
forceps A Wounded ii'essel in the scalp. 

The suhtiponcumtic arcobr tissue is, from a surgical pmat of view', of considerable 
importanoe. It is loose and and b easily tom throuj^ i and hcncen in tiounds of 
the scalp, it is this tissue which is tom when the flcrp Is sepantted from the pam 
beneath. The vessels are onnEsined in the flap, and there is little risk of abughingp 
unless the vitality of the parr has been actually destroyed by the injury. 


(^) The Aiuscfei of the Mytiidf 

LevAior pilpcbrs superioris* Orbicularis oculi* Corrugator supercilii 

The Levator palpebr^ auperioris is described wkh the anatomv of the eye* 

The OrhiculAriB cxmli (figs. 555. 557) is a bmad, flat. ciliptiKl musde ivhidi 


Kjd* 557+—a du£«dnn to expM die right OrhteidHrik oculi muscle frum behind. 
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occupEca Uic cydlda, suirountii the circumference of the orbit, spreads over the 
ttmponU r^on. and dmvnicords on die cheek. ]i cojisists of three oiiun nortiomr- 
orbital, palpebral and lacnmaL 

The o^ilut of the OrbicolaHe neuli, of a reddish colour and ihiclcer than 

the piilpchMl portion. am« fronr the nasal pan nf the frontal hone from the fmntal 
procis* of ihc maxilla (% 5^*). aiiJ fmm the media! palpehral liRament which 
intern,pis the lirie of the txmv onuo, \n Blire* hnn complete clKnses wirhnut 
interruption rm the lateral wde. the upper fibres blending with ihe Frontal bcllv of 
Ocapilofronialis and the CorntKaior. Many fibres from tJie upper part of the 
orh,fa! portion are inserted into the skin and subcuraqetius tissue of ihe cvebrow 
rh«c hhres constitute ihc drpretfor suf>erdln muscle. 
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I'he patpthral portion of the Orblculam ocuU ia thin and paJe ^ it arises from 
the medid polpebraJ ligamentf ehieiiy from its 9uper6i:laJ and parUy firom its deep 
surface* but not from its lot^er tmir^in [ it arises ako fmm the bone immediately 
above and below the lif^ment. The muscular fibres s^'eep across the eyelids in 
front of the orbital septum (p* 1259) and at the lateral commissure interlace to 
form the lateral palpebral raphe. A smsli bundle of very line fibres lies close to 
the mar^n of each eyelid, 1>ciund the eyelashes ; it is named the dtiary buodif. 

The /aerimif/ j^r/ion of the Ofbicubns ocuJi lies behind the lacnmal mc* but is 
separated from it by the lacrimal fascia, [t arises from the fascia Govering the kcrinml 
sac, fmm the upper part of t[w crest of the lacrimal bone, and from the adjacent 
part of the lateral surface of the laaimal bone (fig. 558). Passing laterally behind the 
laenmal sac the muscle divides into an upper and a lower slip ; some of the fibres 
of these slips arc inserted into the tarsi of the eyelids and are close])' related to the 
tacrinijl canal[culi, but most of them are conttnued across the eyelids in front of the 
tarsi and inierkce in the lateral palpebral raphe. 

The mtiiiat paipehriil about 4 mm, in length and a nun. in breadth, 

Fio. 55B. — A Kteieh ahowina the tltachoients ihe mmcF-n urmind the 
riaht orbiidl open in 



b attached to the fmntiil procew of the tnaxilb in front of the ijasolacriirial groove. 
Crossing the lacrimal sac, ti divides into an upper and a tower pan, each of whith ig 
attached to the medial end of the corresponding taiatu. It b separated from the 
lacrima] gac by the lacrimal fascia. 

The lateraipatpebruf raphe is a much weaker simcture than the mcdtal palpebral 
ligament. 11 ia formed by the inicrrlaciiig of the kicral ends of the palpebral fibres 
of the Orhicularia oculi, smrnptliencd on iia deep surface hv ilic orbital septum, 
A few lobules of the lacrima! gland or. mom frcipienity. a small lobule of fat rnay lie 
between it and the more deeply placed lateral palpebral ligament fWhitnall), which 
is deaedbed with the anatomy of the eye. 

Nerve-supply.—Tile Orbicularis oculi is supplied by the temporal and lygo- 
matic branches of the facial nerve. 

Actions.—The Orbtculsds oculi is the sphincter muscle of the eyelids. The 
Mlpcbrol portinri acts irtvoluntirily. closing the lids gently, as in sleep or in 
blinking; the orbital portion ii subject to the will, When the entire nmstle is 
brought into actinn, the skin of the forehead, temple, and cheek b drawn towards the 
medial angle of tlie orbit and the eyelids are firmly closed. The shin thus drawn 
upon is thrown into folds, especially radiating from'the lateral angle of the eyelids ; 
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folds become permanent in old age, and form the so-callDd ‘ crow's feet \ 
The twevator paJpebne supcKoris is the direct antagonist of this muscle since It 
raises the upper eyelid and exposes the front of the bulb of the eye. The iacrlmnl 
part of the Orbicularis oculi draws the eyelids and the papilla: Jacrimalea medially; 
at the same dme It exerts tractSon on the lacnmal fascia and so dilates the lacrimal 
iac (w d!ro p* iz6z). 

The Corrugator aupercilil is a small pyramidal muscle, placed at the medial 
end of the eyebrow* deep to the Fronu^l belly of Occipitofrontalis and to the 
Orbicttbriit ucuJi^ it arises fmm the medial end of the supercitlaiy arch ; and its 
Hbrea pasa laterally and slightly upwards, and are inserted Into the deep surfhcc of 
the aliin, above the middle of the supra-orbital matgiit. 

Ncrx^c-suppty. The Corrugatorsupercilii is supplied by the temporal branches 
of the facial nerve^ 

Actions. -The Comigator supcrcilii draws the eyebrow medially and down- 
Avards^ producing llie vertical Avrinkles of the forehead, 11 li the ' fmw ning ’ muscle, 
and may he regarded as the principal musde in the expression of suffering. 

(C) TAc Muscles of the Nme (fig* S^S) 

Procems. Depressor septic 

Compressor narls. Dilator narig. 

'Phe Procerus is a amall pyriinudiil slip continuous with the medial part 
of the FmniaJ belly of the OcclpUofnintali^. It arises from the fascia covering 
the lower part of the nasal bone and the upper part of the lateral nasal cartilage ; 
it is inserted into the shin over the lower psirt of the forehead between the two 
eyebrow's. 

Aciioiw.—The Procerus draw's down the medial angle of the eyebrow and 
produces tlie traitsv'ersc wrinkles over the bridge of the nci$e. 

The Compre^or naris arises from the maxElIn, above and lutcni) to the inciaor 
teeth ; its libres proceed upAvards and medially and expand into a Uiln aponeufogia^ 
which is cominuoits on the bridge of the nose with that of the nuiscle of the opposite 
side, and with the sponeurosia of the Procerus. 

Actions^—The Conipres^r naris eompresses the nasal aperture at the junction 
of the vestibule with the na^I cavity. 

The Dilator naria arises from the maxilla bclmv and mctlial to the origin of 
the Compressor naris, and is mserted Into the ala nasi. 

Actions— The Dilator naris draws the ala dovi^wards aitd laterally, and so 
asiittts in widening the anterior nasal aperture. 

'llic Depressor septi, which b oftcii regarded as a constituent prulion of the 
Dilator naris, arises from the maxilla above the ccfitnd mcisor ifMiih ; it^ fibres 
ascend to be inserted into the sepnam mobile nasi. It lies immediately deep to the 
mucOua meinbnme of the upper IJp^ 

Actions—The Depressor septi assists the Diialor narls to widen the nasal 
aperture. 

Ncrve*supply.—All the muscles of this group arc supplied by the upper buccal 
branches of the facial nen'e. 

fD] The Afiistks of the Month (fig, 555) 

Lcv‘ator lobii superioris alEcque naai, Mentalis. 

LfCA'iitor labii superioris.^ Depressor lubii inferioris 

Zygomaticus minor. Depressor anguii oris. 

Levator anguli oria. Buccinator* 

Zygomaticus major. Risoriua. C^r^^icularis oris* 

The Levator labii supcHorts aLeque nasi arises from die upper part of the 
frontal process of the inaxihs^ iuid passing obliquely downwards and laterallv divides 
into medial and lateral slips. The nvedtal slip b inserted into the greater alar car¬ 
tilage and skin of the tiosc; the lateral slip is proJonged into the lateral part of the 
upper lip, and blends with the Levator kbii superioris and with the Orbicularb oria 

Actions.- The lateral aUp raises and everts the upper lipr the medial slio act^ 
as u. dilator of the nostriL ^ 
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Th* Le^’fltar labil auperioH-S arisen from ihe lower margin of the orbitaJ 
Dpening immediacely above the InTraH^rbitaJ foramen^ some of ita Ebres ariaiiig from 
the maxilla and others from the xygomatie bone. Iia fibres converge to be inserted 
into the muscular substance of the upper lip bctwi^eit the lateral slip of the Levator 
labii supenoris aliequc nasi and ihe Levator anguli oris. 

Actions.—The Levator labii supenorEs raises and everts the upper lip, li 
assists the Zygumaticus minor to form the nsisolabial fnrroWt which passes from the 
side of the nose to the upper lip, and gives to the face an expression of sadness. 

The Zygomatic us minor arises from the tatcral surface of the iygomadc bone 
immediately behind the zygomaticomaxillarj' suture, and passes downwards and 
medially to be inserted into t]ie mi:tscukr substance of tlse upper lip. It is separated 
from the Levator labii superioris by a narrow interval {fig, 555)* 

Actions.—'Fhc Zygomaticus minor assists in elevating die upper hp and in the 
production of the nasolabial furrow. When the Levator Labii superioiis abique 
nusip the Ixvator labii superioris and the Zygomadcua minor are in action together^ 
they give to Uie countenance the eipressioji of contempt and disdain. 

The Levator anguli oris arises from the canine fosaa^ just below the infra- 
orbital foramen^ and is inserted into the angle of the mouth, intermingling with the 
fibres of the Zygomaticus majors Depressor anguli oris> and Orbicuiaris oris. 
Between the Levator onguli oris and the Levator labii snpenoris are the infra¬ 
orbital vessels and plexus of nerves. 

Actions*—'Ilie Levator anguti oris raises the angle of the mouth and assists in 
prrjduting the nasolabial furrow. 

The Zygomaticus major arises from the ieygumatic boncp in front of tJie ssygo- 
matico-temjioral suture, and is inserted into the angle of the mouth, where it blends 
with tile fibres of the Levator anguli oris, Orbicularis oria^ and Depressor anguli 
oris.* 

Actions.—The Zygomaticus major draws the angle of the mouth upwards and 
laterally as in laughing. 

Nerve-supply*— jMI the five preceding muscles arc supplied by the buccal 
branches of the facial nervT. 

"Hie Mental is is a conical fasciculus, situated at the aide of the frenulum of the 
lower lip, U arises from the incisive fossa of the mandible and descends to be 
inserted into the akin of the chin. 

Actions*—The Mentalis raises and protrudes the lower lip, and at the aarne 
time wrinkles the skin of the chin, expressing doubt or disdain. 

'rhe Depressor labii ioferiaris is a quadrilateral muscle, k arises from the 
oblique line of the mandible, between the symphysis menri and the mental foramen, 
Md passes upwards and mcdiailv, to be inserted into the skin of the lower lip, its 
fibres blending with those of its felbw of the opposite side and with the Orbicularis 
oria. At its origin it is continuous with the fibres of the Fbtysma. Much yellow fat 
ia intermingled W"ith the superficial fibres of this muscle. 

Aotions,—The Depressor labii inferioris draw^ the low^er lip down wards and a 
little laterally, as in the expression of irony. 

I'he Depressor anguli oris arises from the oblique line of the mandible, below 
and lateral to !he Depressor labii inferioria ; its fibres converge and are inserted by a 
narrow fasciculus into the angle of the mouth* At its crigifi it ti continuous with the 
PJat>'sma, and at its maertion with the Orbicularis oris and Risoriiis; some of its 
fibres are directly condnuouB with those of the I./evator anguli oris, and others are 
occasionally found crossing from the muscle of one side to that of the other ; these 
latter fibres coriatituTe the Trunsvtrfus mtnfL 

Acliofts.—The Depressor anguli oris draws the angle of the mouth dow nwards 
and btcraJly. 

Nerve-«tipply.— 'Ilie Mentahs^ the Depressor labii inferiorisand the Depressor 
anguli oris an: all supplied by the mandibular marginal branch of the facial nerve. 

The Buccinator (fig, 559) Is & thin quadrilateral mu5dc, occupying the interval 
between the maxilla and the mandible, at the side of the face. It anses from the 
outer surfaces of the alveolar processes of the maxilla and mandible, opposite to the 
three molar icciJj; and, behind, from the anterior border of the pterygomandibular 

* The Zygoma licui major and minor and the Levdtor kbii lupcrioriA are lametimei 
more or Icta concealit J by i thin »heet of mutcle, the Miundm mtiinrity and ooniiitii- 

DU» with the OrHcutari* oculi. t<J. H. S. LighioUeTj J. .dpvir, Ltoirf., 60, i925.> 
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Fio, 55^>.^A dtvAcctIcm to dup^y the BuccmAlot tnuicEc krhd tht: nauscU™ 
of ilw pbtrynx. 
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THE MUSCLES OF ^IllE FACE 
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niphci which separ^tte^ tht muscle froin the Skipcrior cofs^metor df the pharynx^ 
Between the tuberosity of the and the upper end of ihe ptctygomandib'uUr 

mphe a. few hbres arise from a fine tendinoua hand which (bridges ihe LntenaJ 
IxrtvA'een the maxilla and ihc ptcry goltl hamulLtB. 'Fhe tendiim of the I'cnsor veli 
palatini on its way to the soft palate pierces the pharyngeal wall in the small gap 
w hich lies behind this tendinous band (fig. 55SJ), The fibres nf the Boedtiatnr con¬ 
verge low’ords the angle of the mf^ulh, where tJhe central fibres interact c^iih othcr^ 
those from below being continuous with the upper segment of the OrbkuLtris oiiSt 
and those from above with the lower segment; the highest and lowest fibres arc 
continued forward into the correspenuJing lip >vithfmt dectissathm, 

R^latians.—*l"he Buccinator is on the siunc plane sts the Superior Cunsiricior of 
tht pharjTu: and is eovtrred by the buccopharyngeal fosek^ It is in nrintion hy its 
lufirrfifiaj surface, behind^ with a latKC mo^s of fat, which separates it from the nvniua 
of tile mamhblc^ the Maajeier and a small portion of the Tennpurfllii; this fat was 
originally npned the mctorial pod, but it^ a^^bciation with the act of sucking in no 
longer credited. In front the superficial surface of the Buccinato]: is in relax ion with 
Zygomaticus major* Risorius, Levator and OepressoranguLi oria^ and the parotid duct, 
which pictccs it opposite the second molar tooth of the maxilla; the facial artery 
and facial vciii cross it fjoni below^ upwards : it is also crassed by branches of Hit; 
facial and buccal ner^'ta. 'niv deep nir/nrr is in relation with the buccal glamls and 
mucous mirmbtanc of the mouth. 

Nerve-supply^—The Buccinator is supplied hy the bwer buccal branches of 
the facia] nerve. 

Action^.—The Buccinator muscles compre&a the cheeks against the teeth, so 
that during the process of mastication the food U kept under ihe immediate pressure 
of the tcetin When the cheeks have been previously distended with air, the 
Buccinators expel it between the lipa^ as in blowing a Trumpet ; hence the name 
(buccina, □ trumpet), 

'Hie pffry^oituirtdibuiar raphe ts a tendinous band which is attached above 
to the hamulus of the txiedial pterygoed plate, and below' to the posterior end of 
the myloliyoLd line of the mandible. Mediatfy it is covered by the mucous mem¬ 
brane of ihc mouth. Lairraily it b sepurat^ from the ramus of tlic inaodthb 
by a tjuantiiy of adipose tissue. Fostmorfy it gives attachtncni to the Superior cofi^ 
strictor of the phar\mx, and anierhrty to a part of the Buccinator (fig. 559). 

The Orbiculoria oris (figs, 555, 560) is not a simple sphincter muscle like the 
Orbicularis oculi; it is mode up of several strata of fibres which surround the orifice 

Fig. §ha.—A scheme ihtrwuin the inun^etricni of the fibm of the Orbiojlarii oriF. 



of the mouth but have different directions. It canaists partly of fibres derived 
from the other facial muscles which are inserted into the lips, and partly of fibres 
proper to the Ups. Of the formcTt a considcrabb number am derived from the 
Buccinator, and form the deeper stratum of the Orbicularts. Some of the Bucci¬ 
nator fibres—namely, those near the middle of the muscle—decussate it the angle 
of the mouth ■ tJie uppemtost and loAvcrmost fibres pass across the bps from side 
£0 side without decussation. Superficial to this is a second stratum, fortned by 
the I.re\'atDr and Depressor mngulj oris, which cross each other at the angle of the 
mouth; the fibres from the Levator pass to the lower lip* and those from the 
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I>pr«aor to the upper lip,^^Qiig wbkb they run. to be inserted into the stin near 
the anterior median line. Fibres are also derived from the Levator labii supenarja, 
the Zygomnticue major and minor, and the Depressor Jabii uifcrioris; these inter' 
irungle wiih^the transverec fibres described above, and have principally an oblique 
direction. Some eight or nine muscles thus converge on each of the two angles 
of the rnouth Md interlace here at a palpable nodular mass which is often termed 
the madii^tts. 'Diis can be fixed in a given position by the combined action of the 
/ygomatieux major, Levator anguli oris and the Dc-pressor anguli oris muscles. 
Ihese thus scn’c to fix the attachments of the Orbicularis oris and Buccinator 
muscles in this a™, Within the lips the fibres of the Orbicularis oris are divisible 
into two fasciculi, the nuiigina! and peripheral. These combine lutciallv to form 
the labial hands which are Itaccablc m the modiolus.* The pmper fibres of the lips 
arc oblique, and pass from the deep surface of the skin in the mucous membrane, 
through the ihickncss of the lip. Finally then! arc fibres by which the muscle is 
itoiinccted with the ma.vj]Ia:, above, and with ihc mandible, below. In the upper lip 
these cowtitute ifie m. inekivut labii lufirriurk, which arises from the alveolar 
border of the tnmdlla, oppaaite the lateral incisor moth, and arching laterally is 
continuous with the other mu-scles at the angle of the mouth. The additional fibres 
for the lower Jjp constitute a slip (m. inrkivin Mil in/erivrit) on each side ■ this slip 
arises from the mandible, lateral to the .McntalU, and mingles with the other 
mMSCiEis at tfic Jiigle of the mogth. 

Orbicularis oris is suppbed hv the lower buccal and the 
mandthular marginal hmnehes of the facial nerve. 

Actions,—The Orbicularis oris in its ordinaty acdon effects the direct closure 
of the hp; by its deem assisted by its oblique, fibres, it comprescs the lips against 
™ The superfioil part, consisting principally of the decussating fibres 

bnngs the lips together and protrudes them. The orbicularis oris and other museiK 
ol the Jip ^Lny un iiripi^rtarkt part in articiilatioii.f 

The Risortus arises from the parotid fascia and is inserted into the sMq at the 
angle of the mouth. It is a narrow bundle of fibres, broadest at its origin but varvintr 
much m m Btsfc and form* " ^ * 

NcTYMuppiy.—The Risorius is supplied by the buccal branches of the facial 

nerve. 


Actioiifi-—The RL^dus reiracta the angle of the 
unpleasant griuniDg expression. 


mogih, and productfa an 


|[. The Muscles of AIasticatios 


Mfljsctcr, 

Temporalis. 


Pterygoidcus lateralis, 
Pteiygoideiis tnediajis. 


A strong layer of fa^a denved from the deep cervical fascia and named the 
parotid rascia. cgvcR the Masseter and is firmly connected with it. It is atlaehed 
to die lower border of die iygomatie arch, and iuvcsls the parotid gland /t> th-'i 
The Massatcr (hg 56S} is a qitadrilster^! muscle, consisting of 
imposed layem which blend wnih one another interiorly. The tittrrjkiul lavfr the 
larger, arises by a thick ip^niecirosi^ fititn the zygomatic process of th-r tnaKifla "and 
from the anterior tvro-thirds of the lower border of Hit ^gomatic aich^ts fibr« 
pass downwa^s and iMckwards^ to ^ inserted into the angle and tower one-half of 
the laierol surface of the nmus of the mandible. The widd/e favrr arises from the 
deep surfat^ of ihe anterior two thirds of the sygnmaiic arch and from the lower 
border of the posterior third and is inserted into ihc middle of the ramus of the 
iTiandihle. 1 he deep laytr arises from the deep aurrace of the avEomaiic nreh md k 
inserted into the upper part of the ramus of the mandible ind to the coronoid 
proceso-J On ac^um of is proximiiy to the skin, the Masseter muscle can be 
palpated when it is thrown into contraction vigorously, as in clenching the teeth. 

• For details of the Orhictilnri, oris and oihrr mUfCTcii of I he face see O II «; 1 t,, 11 

7 fW 60. .ga 5 ; to^S. Al«, .A X. Birirm and olT T 

fjtrti/., 61 anJ 63, 1^36 ana 19=7. ^ 

t W. L. H. DuckwTJrth. Somr CompffMui <,/ ffuntmt SiructfiFt, J^don 

* J. D. n. Ms^Duu^bIJ, Rnt. o/mf. Jf,, loee. ’pht THjJdIp iknwl 1 

omjiiiiutc th<i dvcp af the Mimetic r of rhr Anarcumica. ^ l^iher 
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561 


Rcladona .—Sjiperficujl to the muscle jtfc the integument, the PJAtysma^ the 
Riurrius, the Z^’gomatifrus majdr, end the pamtid glitnii ; the parotid duetp branches 
of the fociel nenc* and the transvense facial vcasels cross the miucle. The ilrep 
surfaa \% In Telatiort with the mwition of the Temportl miwle and the ramus of the 
mundihlc ; u mess of fat separatca it in front from the Buccinator ntid the 

buccal nerve, llit fnassctcHc nerve and artery* reach the deep surface of the muicfe 
by passing throu^ the poatcrior part of the mandibular noti^. 'file pniim^r margin 
Is overlapped by the parotid gland ; the antmtir ffKngit$ projects over the Buiocinaicir 
and is crossed be low by the facial vein. 

NtrvMuppty.—The Massjcter is supplied by a branch of the antenar trunk of 
the mandibular ner\'e- 

Actions.—llie Masseter elevates the mandible and presses it against the 
maxilla ; from its relation to the axis of moverncaii it can act with very gee^t force. 

Fin. 561,—The kft *J\-nipDralia muide. The rygomarie itch and the Mtiftoicf 
tnusclc have been removed. 



Lateral tfMtck 


The temporal fascia covers the Temporal muscle. It is a strong, 5 brous 
investment, covered, laterally, by the x\uricylares anterior et superior^ the galea 
aprmeuroiica and part of the Orbieulans oculi. The superficial tetnpcjmt vessels and 
the aunculotemporaJ nen't cross it from below upwards. Abovc^ it is a single 
layer^ attacihcd to the entire extent of the superior temporal line [ below, it txmsists 
of two layers, one of which is ittached to the lateral^ and the other m the medial 
margin of the upper border of the a^ygomatic arch- A sniull quandh' of far, the 
xygomatic branch of the superficial temporal artery« and the ^yguniatico-tcmporal 
branch of the maxillary nerve are coniaiocd between these two layers. The deep 
surface of the fascia affords attachment to the superficial fibres of the Temporalis. 

The Temporalis (fig. 561) is ft fan-shaped muscle, situated at the side of the 
head. It arises from the whole of the temporal fossa {except the portion formed by 
the xygomatic bone) and from the deep surface of the temporal fascia. Its fibres 
converge ^ they descend, and end in a tendon which passes through the gap between 
the zygomatic arch and the side of the skull, and is inserted Into the medial surface^ 
apex, and anterior Iwrder of the coronoid process, and iJie anterior border of the 
ramus of the mandible nearly dot™ to the last molar tooth. 

ReLaficiiu^--;5u^^^cia/ to die muscle art the skin, the Attrimhires anterior cc 
superior, the tempoml fascia, the superficial ronpoml the auTiculotempoml 

nerve, the tempond branches of the fodal nerve, the xygonuiticotemporal neri-e, the 
galea aponeurotiEn, the xygcmntic arch, and the MoHelrr. The elerp itirfa^r is in 
relatidn with the tetuporal fosaa^ the Lateral pteryi^oid. the superficial head of the 
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Medial prcryguid and a arnall part df the Buccinaipr, tbc maxilkrt^ artery and its deep 
temporal brartcbcBr thre dftjp tcmparml rwrvw, and the buccal vessels add nerve. 
Behind the tendon of the muicle the vcsscla and nerN-^e to the iVla^actcr trat'etac 
the mandibular notch. I'hc anieri&r bordtr ia separa ted from the ^gumatic bone by 
Et moss of fat, 

NcrvMUpply,—ITie Temporal k is supplied hy the deep temparal broDches 
of the anienof trunk of the naandibubr tiurve. 

Actions.—'Jlic Tempond moacic elevates the mandible and so closea the mouths 

FiOh 56a,—The bfi Picryj^id mutdesH The tyBooiHiic arch and a portkin of the 
iHiniiB, of the Tnaadihlc have been rtmpvfd. 
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This movcDiErnt requires boih the upward puU of the anterinr fibres and the 
backward pull of the posterior fibre#, because the head of the mandible rests on 
the articular eminmee when the mouth is open. The posterior fibres draw the 
mandible backwards after it h» been protruded. Owing to the strength of the 
temporal fascia, the muscle ia mt easy to palpate, but its upper limit can be made 
out along the inferior temporal Unc when the teeth are firmly i-l^n^ii-d 


The Pterygoideus latenOis (fig. 56a) b a short, thick muscle which arise* bv 
two heads: an affper from the tnftatcmporal surface and infratemporal ciestof the 
greater wing of the sphenoid bone; and a latetr from the lateral surface of the lateral 
pterygoid plate. Its fibres pass backwards and laterally, to be inserted into a 
depression on the front of the neck of the mandible, and into the articular capsule 
and due of the temporoinandlhular articulation. ^ 


Early in the third month af introuterint life dve Lateral pterygoid muscle ia 
tnicrted into the mesenchyme condemed around the dcvelopine condyle of the 
mandible, but a part of its tendon sweeps backwards abot'c the condyle and aains 
iruertion iom that portion of Mcdtcr* cartilage which later foims the head of the 
malleus.* Tliw part of the tendon becoiUM converted into the jutfeubr disc of the 
icmponanandibular Joint, although it* attnehment to the malleus does not 

Relnfions.—Iv tuptvfiaat tuffnet U in relation with the ramus of the mandible, 
* J. A. Harpmin and 11. H. WonUMtd, 7 , .djiaf., Ltutd., 73, ijjg. 
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the maxilljtry artery, which crosses ft,* the tendan of the Tempcral rnuacLe end the 
Mtoeter. Its dfep turf aft the upper pS4l of the Ptct>T?oideu# rncdiJilii^ 

the ^pbcnomAndihuliu- ligometit, the middle meningeal anct 7 » and the mandibular 
nenre j its upper border is in relation with the temporal and raasseCeric branchca of 
the mandibulai- nerve ; it« lower border with the lingual and infenor plvcular nerves. 
The buccal nen'e and the maxillacy artery pass between the heads of the muaele 
(fig. 56 ^). 

Nerve-fiupply.—'file lateral pterygoid muEcle is supplied by a branch from 
the anterior trunk of the mandibular nerve. 

Action.—lire Lateral pterygoid muscle assists in opening the mouth by pulling 
fortvard the condyloid process of the mandible and the arricular disc, while the head 

Fio. —^Tbe suxtetures in relation with xhc left Pterygoid tnuicl». 
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of the mandible miatea around a bicondykr Axk on the articular disc. In ihc 
reverse movement of closure of the mouth the liatkward gliding of the articular disc 
and condyle of ihc mandibk i& coniroHcd by the slow relaxation of the [.ateral 
ptery'goid musck, whik ihc Masseter and Temporalis muscles restore the jaw to the 
ocdus=al position. Acting with t!tc Medial pterygoid muscle of the aan^c side ihc 
Lateral pterygoid muscle advances the orndyk of that side so that the jaw rolstcs 
about the opposite condyle. When the Medial and Lateral ptcry-goid muscles of 
the two sides act together they protrude the mandibk so that the lower inebors arc 
projected in front of the upper. 

l^hc Pterygoideus medtalis (fig* 563)* a Uiick^ quadrilateral muscle^ arises 
from the medsal surface of the lateral pterygoid pkte^ and from the grooved surface 
of the pyramidal process of the palatine hnne ; it luts also a more superficial slip of 
origin w hich arises from the lateral surfaces of the pyramidal process of the palatine 
bone and tuberosity of the maxilla, and lies at first on the eurface of the lower part of 
the lower head of the Lateral pTerygold muscle. Its fibres pass downwards^ laterally^ 
and backwards, and arc inserted, by a strong tcrulimuis kmirta, into the lower and 
back part of the medial surfaces of the ramus and angle of the nmndihk, os 

* *rite Artery oflim lln deep tD the Itiusdcp Mm ihown in 5^3^ 
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high as the mandibubr foramen and ficiirly as far forward# as the mylohyoid 
groove (fig. jao). 

Relations. —^*hc htirrat nnfac4 of the muscle is in TvIstJon with the imout of die 
mandible, from which it is scpnraicd, ar its up|>cr part, ^ the Lateral pterygoid, the 
sphenomandibular ligament, the maxillary arfcr>% the inferior alveolar vessels and 
ffien^e, thr lingual oeoc, and a process of I he pamtid gland. ITic mriUai m^ace is in. 
relation with the Tensor vdi palatini, and is separated from rhe Superior coostricror 
of the pharv^nx by the Styloglossus, the Stvlnpharyngeus Einil some areolar tissue^ 

Nerve-supply»—'Fhe Medidl pterv'goid muscle iB supplied by a. bmoch from 
the mandibulu nervef 

Actions.—The Medial ptciygoid muscles assist in. elevating the mandible. 
Acting with the Lateral pterv^goids they protrude the mandible. When the two 
l^ervgoid muscles of one side are in action, tfie corresponding side of the mandible 
ia swung forw ards and to the nppciihe side, while the head of the mandible on that 
side undefgors a slight degree of rotation (p, 460) ; by an altemaiing action of the 


Ftg, 564.trmuvcnf icctleR through the Itft hi>lf of the r\tck to show rhe 
xmingenicnt of the deep ccn-ioil fttcia. ^cmi-diagramnutic. 
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milSKiti nf the twx> sides, tlic side-io-side imvemerns, which take nlace durini. 
trituration of ti»e food, arc effected. ^ ® 

The PtetygospinouB ligament, which i» occasionallif replaced bv muscle 
fibres, stretches between the spine of the sphenoid bone and'the posterior border of 
the lateral pterygoid plate near its upper end. It is sometima ossified and then 
helps to bound a foianten which ttatismits the branches of the mandibular nerve 
defined for the Temporal, Misseter and l-ateml pterygoiti muscles. 
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THE FASCL^ AND MUSCLES OF THE ANTEROLATERAL REGION 

OF I HE NECK 

anteroUteral muisclca. of the neck may be arranged into the following 

groups: 

I, SuperfkJal and lateral cervtcaL HI. Anterior vertebral. 

M. Supra-and infia-hyoid. IV. lateral vertebral. 

The superficial fascia of the neck is a thin lamina investing the Platy^ma and is 
hardly demonstrable as a separate membrane. 

The deep cervical fascia (fig. 5^4) lic4 under cover of the Plntysma^ and invests 
the muscIfK of the neck. It conslsta of hbro-areotar tissue which occupies all the 
Inicrv'alB that would otherwise exist between the musclest viscera^ vcsfcla^ etc., of 
the uccIl In certain situatians the white fibres prcdominatCi and the fascia asoumes 
the form of a thin fibrous sheet of layer, but elsewhere the tissue is loosely aminged 
and IS easily broken down, li bcccrmes condensed around the bhxjd vessels, 


Fic. 565.^Part of & tnam^'eree £ceik»et through iIm; lower part ef the neck ic fthaw 
the carufid iheith Semi'diaiTFatnmniic- 
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providing them with fibrous sheaths which here, os elsewhere in the bodv* hind the 
arteries and their accompanying veins closely together^ 

The supi^rfidiif itiminaiji the fascia is attached bchieid tn the liga^nien- 

luni nuchn.' and co the spine of ilie seventh cervical vertebra. It foims a thin invest- 
tneni for the Trapezius, and from the anterior harder of this niusete is conitnued 
for^vards, as a rather lot^se aretilar layer em'ering the posterior triangk of the neck, 
to the posterior l>order of the StcmoniastoJd^ %vhcre it begins to assume the appear¬ 
ance of a fascial membrane, .llong the hinder edge of the Stemomasioid it divider 
to enclose the TniJScL\ and at ihc anterior margin again forms a single lamina, w hich 
covers the anterior triangle of the neck and reacht^s forwards to rhe median planc^ 
where it is continuous with the oonresprjnding lamina from the opposite side. In 
the median plane It is fixed to the s™ph>'sis rocnii and the body of the hyoid hone. 

Above, the fasda is attached lo the superior nuchal line of the occipital bone, to 
the mastoid process of the temporal bone, and lo thr whole length of the base of the 
mandible. Opposite the angle of the mandible it is very strong, and binds the 
anterior edge of the Sternomastoid firmly w chat bone. Ectween the mandible and 
the mastoid process it enaheathes the parotid gland^—the layer which covers the 
gland extends upwards under the name of the ptirtdiJ fmcia and is fixed 10 the 
xygomatic arch. From the part which passes deep to the parotid gUnd a strong 
band ascends to the styloid process, forming the styhmamiituiar iigament (p, 460), 
Below, the fascia is attached to the acromion, the davieJe and the manubriuni 
sicmi. Some little distance above the last, it splits into a superficial and a deep 
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layer, 'ITie former attached to the anterior border of the Tfianubritim, the latter 
to it3 posterior border and to the interrlavirular ligamenU Between tJiese ttvo 
layera there ia a aliulike tntcr%'ah termed ihc mprusieTiial ; it contains a fifnall 
quantity of areolar tiaaue^ the iow^cr portion^ of the anicrior jugular veins and die 
jugular arch, the sternal heads of the Sternomastoid mitsclea, and someumea a 
lymph gland. Over the lower part of the posterior triangle, lietween the Trapezius 
and the Hternomasioid iHLiaeleSr ihc supcrrlicial lamina of deep fiiscia is also 
divided into auperficiat and deep layers. The superficial layer ts aftached below lo 
the upper border of the clavicle. The deep layer surrounds tite inferior belly of the 
Omohyoici muscle and* deep lo the RLi-mumostniid^ the intermediate tendon 
of ihe Omohyoid, BcluiiV thia deep layer blends with ihe fafida around the Suh- 
clavius muscle and Ls attached to the back of the clavicle and inner end of the first nb. 

'rhe carafid fhfaih ia A condensation of the cervical fascia in which the common 
and internal carotid artciii^, the internal jugular vdn, the vagus nerve and the 
constituents of the ansa ccrvicalis are imbedded. Tt is thicker on the arteries fhim 
it is on the vcin^ and peripherally it is connected to the neighbouring layers by loose 
areolar tissue (fig. 565)* 

The pr^ftfhrai hmhm of the cervical fascia covers the prevertebral muscles and 
cTCicnds Liicrally on the Scalenus anterior, the Scalenus medJus and the Levator 
ocapulne muscles, i.c. it forms a fascial floor for the posterior irianEje of the neck. 
As the subclavian artery and the brachial nerxes emerge from behind the Scalenus 
anterior they carry the prevertebral fascia downwards and laterally behind the 
clavicle to form the axillary s/ieaift. Traced laterally round the neck, ihe pre- 
venehrjf fascia rapid)y becomes thinner and more areolar in character ^d it is lost 
as a definite fibrous layer under cover of the Tntpcziua. HuperioHy it k attached 
to the base of the skull, and infcriorly it U carried downwards in front of the LongiiB 
cniii muscles into the superior mediastinum, when: it blende with the anterior 
longitudinal ligarnent. .Anteriorly the prcvertehml lamina is separated frofn the 
pharynv and its covnfring buccophaiymgeal fascia by a loose cefluiar inlerxal which 
i$ termed the rrm^plrntyngmi Jp*rc/. Funher from the median plane, the same loose 
arefilar tissue connects the prevertebral lamina to the carotid sheath and the fascia 
on the deep surface of the Sternomastoid muscle. It should he obsenid that all 
the ventral rami of the cervical nerves lie at first on the deep surface of the nre- 
vertebral lamina, and certatn of their important branches retain this position 
throughout their course in the neck, vii^. the phrenic, the nerve to the Rhomhoitls 
and the nerve to the Scrnitus anterior muscle. 

The firtircii^heai iaminti of the cerv iraJ fascia is ven- thin and owes such impor¬ 
tance as It pc^csscs to its intimate relationship with the thyritjid gland, for which it 
provides a fine fascia) sheath. Abcive, it k attached to the arch of the cricoid 
cartiliigc, and, below, it b continued imo the superior medtastinum as an investmeuf 
for the inferior thyreoid v'trins. 

Appiird AntilfftTfV.-^Thc deep cervical fitatia is of ccnscdenihlc importance from a 
surffical point of view The superfirial lamma opposes the e^ien^iou of abscesses 
tiiwurds the surface* and pus forminK beneath it has b tendency to extend laterahy. 
If the pus be contained ia the antcrinf trianglcp it may find its way into the media- 
srinum, in front of the pretracheal lamina of fascia : but owing la the thinness of the 
fawiiii in ihia liiuaimn it more frequently finds its way to the surface and pomts above 
the sternum. Pub forming behind the prevertebTal lamina, in cases, for imianoe of 
mnes of the bodies of the cervical vertebne, may extend towards the Islerat part of "the 
neck am) point in the posterior triangle^ or may perforate this layer of futia and the 
boccnpbfirvnireal fajwia and point into the pharynx (rermpharyngeal abaevss). 

In case* of cut ihroai, when ihe wound involve only the superficial lamina the 
injury is usually trivial, the special danger being injury to the external jugular vein 
But where the deeper layers ate opened up, important structures may be injured 
und serious results follow. ^ * 


L The Superficial AxNu Lat^ai. Cervical Mcscus 

PlatysTim, Trapezius^ biernodeidoma5i.oidctis. 

The rifliyima (fig. 555) is a broad sheet arising from the fascia covering ihc 
upper pans of tlie PcctoraUs major and Deltoid ; its fibres cruss the davkle%nd 
proeccil obliquely upwards and medially in the ride of the nccL The anterior 
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fibres mterUter, bcicw and behind the ayrnphj'sis mentip with the fibres of the mu^Ic 
of the opposite side \ the sneceeding fibres are inserted into the lower border of the 
body of the mandiblep while the posterior fibru cross the mandible and the lower, 
anterior part of the msssetcr truscIc to be inserted into the skin and subcutiincous 
tissue of the lower part of the face^ many of them blending mth the muscles 
about the angle and lower part of the mouth ^ Under cover of the Platysmap the 
external jugular vein defends from the angle of the mandible to the middle of the 
clavide. 

Nerve-supply*—The PlatyiMua is supplied by the cen'ical brand) of the fadal 
nen^c. 

Actions.^—When ihc entire Plamma is in action tl produces a wrinkhng of the 
surface of the skin of the neck in an oblique direction, and tends to diminish die 
concavity between the Jaw and the side of the neds. Its anterior portion^ which is 

FtOr s66r^Thft niu«dff4 of die ntek. Kiiishi bwnl miprct. 
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the thickest part of the muscle, may assist in depressing ihe mandible ; it also scncs 
to draw down the lower lip and angle of the mouth in the expression of honor or 
surprise. 

The Trapezius is described on p. 6ii- 

'Fhe Sterfiocleidomasloid (fig. 566) passes obliquely across the side of the neck 
and forms a prominent, visible landmark (fig. 567), especially when it is brought into 
action, it is thick and narrow- at its centrd part, but broader and thinner a^ each end. 
It arises by tsvo heads. TTic medmi orrfi™i/ he<ni is a rounded tendinuus fasdctilus, 
which arises from the upper pan of the anterior surface nf the manuhrium sienii, 
and is directed iipwards, Uiei^lly^ and backwards. It can be seen and felt in the rotit 
of the neck. The fateral or cf&vtctifar Af<jd, composed of desliy and apnnciir-otic 
fibres, arises from the superior border and anterior surface of the mcdbl nne-thtrd 
of the clavicle, and m directed almost vertically upwards. I’he two heads are 
separated from each other at their origins by a triangidur inti-rvat, hut. as they 
ascend, the clavicular head under cover of the sirmul ht-jil and hlendK wkh 

iia deep surface below the middle of the neck, forming a ihivk* rounded helly* 
The muscle is inserted by a strong tendon into die luterjl surface of t t mastoid 
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from its apest to its s-upcrior bordjcr, and by a thin aponeuroais into the 
lateral half of the superior nuchal line of the ocdpital bone. 

The clavicuty head of the Sccmocleidonwtoid varies in its width ; when ti is 
broad it m occasionally subdivided into several slips. 

Thifl mu^lc divides the side of the neck into two trianglest an anterior and a 
pcstcriorp I'he boundaries of the anierior tri&itgh are+ in froot^ the median line of 
the nedc \ aln%'et the base of the mandible,, and a line continuing this from the angle 
of the mandible to the Stcmoclddomastoiii ^ behind, the anterior liorder of the 
Sternocleidomastoid. The apex of the triangle is at the upper border of I he sternum. 
The boundarica of the posiewr triangle aro, in from, the pGstcriot b-jfdcr of the 
Stcmoclcidun^toid; betmv* the middle one-tJurd of the clavicle j behind, the 
antcrinr margin of the Trapedus. The apex corresp^inds with the meeting of the 
Sternoclcidomaatoid and TnipcKius on the occipital bone. The stihdi%idom and 
contents of these triangles are given on pp. 751 to 754. 



t lO- 567 h'—S urface lendtnHjkfl csf the neck. 
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Rciations.^ 5 uj>n^nVr/ to th« mujick are iJi* tkin and Piatyma ; ii ii senataled 
from tlie PlaiVitiia by the ertenial iuRwIar vein, the artat aurinilar and troUveraf 
cen'tcol ncfvea, and the superficial {am inn of the deep cervical fascia Nesr its 
insertion the muscle is overlapped by a small poninn of iJw pamiid irliuid The 
*ep $ur/aee of the muscle is misted at its orupn m the stemocJuvicutar joint * it lies 
upon theSlemohyoid, Stemothyreoid and the Omohyoid mueclea, while the anterior 
jugular vein crosses deep to it, but superficial to the infrahyoid muscles, iftimedinteJv 
shove the clavicle. The carotid sheath and the subdavian artery ore deep to these 
muscles. Between the Omohyoid and the poetcrior belly of the Digastric the anterior 
pnri of the Sremodeklomsnoid overlaps the common, internal and cxtetnal carotid 
arlcriea. the internal jugulw, facial and lingual veins, the deep cervioil Ivmph nlajids 
the vagus nerve, and the mmi of the ansa cervical is. The sterooc JeidiimMioid branch 
of the superior thyreoid artery crones deep to the muscle at the upper border of the 
Omohyoid. The posteriur part of the muscle in rclateil dceplv m the Splenius 
Levator scapulie and Scaleoi, the cervical plexus, the upper part of the bmchisl olwus' 
the i^renic nerve, and the imnsvenc eervkal and suprascapular arteries^ The 
occipital artery emsse* deep to the muscle at, or under cover of, the Imt er border of 
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the Dji^qj^rriCp whfife ntrvcp which pierces the muscle^ njtis downwards 

and lutemlLy deep tP it. At its inserupn the museje lies Biipcrficial to ihc meatoid 
process,and to theSplertim, Longiasimus capitia, and the posEedoi-belly of the Digastric. 

Nerve-supply.—I’he Stcmpclcidonostoid is supplied by the accessory nen^e, 
which tniverees it, and by s branch from the ventral rarruis of the ^cnnil (and 
^metimes of the third) cervical nerve. 

Actions«—When one StcmodcidoiiiBsrold acts, it tiU^ the head towards the 
shoulder of the same side ; it aUo rotates the head ao as to cam the face towards the 
Opposite side. Acting together against gravity from their sternoclavicular attach¬ 
ments the two muscles draiv the head forwards and so help the Long! colli to Ikit 
the cervical part of the vertebral column, c.g. when the head is raised from the 
pillow while the body ia retained in the supine p^jsiiinn. If the head be fLxedp they 
assist in elevating the thorax in forced inspiTatlon. 

Appiifd A?taiomy. —The deformity' known as icry^tttck je due lo a contracted condi¬ 
tion of the Stcmocfefdomaatoid. It may be temporary, aa the result of direct irritation 
of the muscle or of die ncivrs supplying it. It nuty, fiovrcvcr* be permanent, and is 
then niost often due to an injury to the muscle during birth, which results in subse¬ 
quent ischa=mic contmeture. In these caseSp division of the muscle is often necessary* 
to effect 0 cure. 

■^ere Is abn q eondidon coming on m adult life (sspasmodic torticollis) which 
begins with tonic or clpnie qpasm of one Siemodcldomiistoid, soon folldwed by a 
spasm of the Trapezius, particularly it$ cluvicular portion. 

It. Tut SuPRAllVOlD AND iNFftAJIVOID MuSfl/PS 

The suprahyoid muscles arc : 


Dlgastricus. Mylohyoidcus^ 

Stylohyoldciis, Gcniohyoidcus, 

The DigostHc [%, 568) consists of tw o deshy bellies united by an intermedbee 
rounded tendem It lies below the body of the mandiblei and exiendSp in a curved 
form, from the mastoid process to tbc chin. The posterior beiiy^ longer than the 
anterior, U attached to the mastoid notch of the temporal bone and passes down¬ 
wards and forw^ards. The aw/enar httly U attached lo the dig^dc fossa on the base 
of ihc mandible close to the median planei and passes downwards and backw^s. 
The two bellies end in an imcrmediate tendon^ which perforates the Stylohyoid 
muscle. It is held in coimcxjon with the aide of the body and the greater comu of 
die hyoid bone by a fibroua loop, which ia sometimes lined by a s)Tiovial sheath. 
An aponeurotic layer ia given off from the tendon of tbc Digastric muscle^ and is 
attached to the body and gncaier cornu of the hyofd bone. 

Reladon^—Its superhcitl surface is In relation with the Platysms, Siemumastoid^ 
part of the Spieniui^ Ixmgissimus capitis^ mastoid processp Stylohyoid and the parotid 
gland. The Jeep surf ace of the anterior belly lies on the Mylohyoid ^ that of the 
posterior belly on ihc Superior oblique. Rectus capita kiemlis, the transverse process 
of the Atlas vertebra, the accc^Pty ncn.'Cn inlcnml jugular vein, ocdpiipl artery, hypo^ 
glossal nerve, the internal and external carodd, the facial and lingual arteries and the 
Hyoglossus musth (Itg. sbS). 

Nm'wupply.— The anterior belly of the Digastric h supplied by the mylo¬ 
hyoid branch of the mferior alveolar nerve ; the posterior hcHy is supplied by ihc 
facial nerve* 

The Stylohyoid (figs. 561)) arises by a delicate Iktle tendon from the 
posterior surface of the styloid process, near its base ; and., passing downwards and 
forwards, is inserted i nto the body of the hyoid bone, at its junction with the greater 
oomu^ and just above the Omohyoid. It is perforated, near Its itisertion* by ihc 
tendon of the Digastric. 

Nerve-iupply^^—The Stylohyoid is supplied by the facial nen'c. 

The styli^fhyoiii ligammi .—In connexion with the Stylohyoid muacle a llga- 
mentuus b^d, named the ttylohy&id may be described. It is a fibrous 

cord^ which is attached to the tip of the siidoid process of the temporal bone and to 
the lesser ccniu of the hyoid bone, h gives origin to the highest fibres of the 
Constrictor pharyngis mediiis and is intimately related to the lateral wall of the oral 
phojym (fig. 559)* Below, it is covered by the Hyoglossus muscle. It frequently 
contains a little piece of cartilage in its centfe* is often partially ossified, and in 
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m^v animals forms a diBlintri bone, termed the ^pihyal. Tlie stylohyoid tigarnem 
nrprcsents a portion of the skeletal clement of the second visceral arch. 

The Mylohyoid (fi^, 566^ sf;9) is situated deep to the anterior belly of the 
Di^triCf and formsp with its feOavi^ of the opposite atde^ a muscular floor for the 
cavity of the mouth. It ia a flai» CrianguJar sheet which arises from the w^holc length 
of the oblique line of the mandible. The posterior flbrra pass medially and 
slightly dow tm-ards, to be inserted into the front of ihc body of the hyoid bone near 



Ftg. 568.— Kdfttions of the postedor belly of the Digume miwcte, which ha& been 
exposed the removD] of ihc skin sjid raKiub together with Uae pamtid jrEuut 
cbc cutancGUfl hmnchcfl of the cxrvieal plexm. 
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Arpiir,—The fteiil vein m% inultcir ihan vmm\ in ihii aubjecL 


its lower border* The middle and anterior fibres are inserted into a median fibrous 
raphe W'hich stretches from the symphyrBJs menti to the hyoid boncn This median 
raphe b sometimes wanting ; if so, the two museJes arc continuous. 

Rektions^^lts mprrfian! or inferior tur/are is m relatiDn with the Pbiysma the 
imtcndr bdly of the Dif^irte, ehe superficial part of the submiindibuliir glsrid' the 
fkekl and submental vcsmIb, and the mylohyoid vessels snd nerve. Its derft or 
niperiar is in fckrion with the Geniohyoid, parr of E tyoglossus, Jind the 

SrylogloKtiB muscles, the hypoglossal and Ungwal nmea. the submandibulsr ganglion, 
the sublingual KlErndn the deep poition of the submandibukr gisnd and the sub- 
msndibuUr duct, the lingual and AublinguiU ves^ls, find, posteriorly, with the mucous 
membrane of the mouth. 

Nen^MUpply.—Th* Mylohyoid tnusclc ia supplied by the mylohyoid bmuch 
of the inferior alveolar nerve* 

'nic Geniohyoid ffig. 1149 ) is > iwrrovr muscle, situated abo« the medial part 
of the Mylobyoid. It arises fnom the inferior meniat spines on the bad? of the 
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symphysis mentip and runs hack^vsrds and slightly do^V'nt^'ardSp to be inserted into 
the anterior surface of the body of the hyoid bone; it is in cotiiact \^'ith its fellow of 
the opposite side* 

Nerve-supply*—Tlie Geniohyoid muscle is Eupplicd by the first cervical nerve 
through the hypoglossal nerv-e (p. toSy), 

Actions.—The position of the hyoid bone ts determined to a large extent by the 
baJanced tonus of the supra- and infra-hyoid groups of muacleSp which exercise a 
steadjiing effect upon it during the active movements of ihc tongue in deglutition, 
mastication and phonation. The suprahyoid museJes devato the floor of the mouth 
and the hyoid bone during dcgJuiition and help to fix the bone so as to facilitate the 

Fjo, 560 >r^Thc muiclea of the fiont af 1 he neek^ 
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action of the middle consirictor niusek on the pharynx. Tlie Digastric, Mylohyoid 
and Geniohyoid muscles are able to open the mouth against resistance. 

The Lnfrahvtiid tnusdea are : 

Stemohyoideus. ThyTeohyoidcua. 

Steniothyrenideus. Omohyoideus^ 

The Sternohyoid (figs. 5^, 56^), a thin^ narrow musde, arises from the 
fwaterior surface of the media) end of the clavicle, the pc»ierior atemoclavicular 
ligament, stid the upper and posterior part of the manubrium stemi. Pa$ding 
upwards and medially, it is inserted into the lower border of the body of the hyoid 
bone. It sometimes presents* near iia origin, a transverse tendinous intcrsecticm. 
Betow, the Sternohyoid ia separoteii from ita fellow by a roiuiderablc interva); but 
the tivo muscles usually ixime into contact with each other in the middle of their 
course, and art eontiguoua abo^c. 

Nerve-Supply*—The Sternohyoid musck is auppUed by branches from the 
ansa ocrvicalis. 

Action.—The Sternohyoid depresses the hyoid Imiic after it has been elevated 
in d^lutltion. As indicated abovct It plays an important pan in dclermining the 
position of the hyoid bone* 
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TheSternothyreoid ffi^, 566, 569) is shorter itnd wider than the Stemohynid^ 
and lies under cover of it* It arises from the posterior surface of the manubrium 
stemi betovT the origin of the Sternohyoid, and from the edge of the cartilage of the 
first rib [ it is inserted into the oblique Hoc on the lamina of the thyreoid cartilage- 
At the lower part of the neck lht& musek ia in contact with its fellow, but it diverges 
as it ascends; it is occasioiuiily traversed by a transverse or oblique tendinous 
intcrsectian. it » closely applied to the anterolateral surface of the lobe of the 
thyreoid gland. 

Nervc-supply^—lTie Sternothyreoid muscle is supplied by branches from the 
ansa ccn icaUsH 

Action^ —The Sternothyreoid dmws the larynx downwards after it has been 
elevated. 

'rhe Thyreohyoid ^ smalt, quadriktcral musdei may he looked upon aa an 
upivard continuation of the Sternothyreoid. h arises from the oblique line on the 
l^na of the thyreoid cartilage, and is inserted into the lower harder of the greater 
cornu and adjacent part of the body of the hyoid bone. 

Nerve-supply«—The Thyreohyoid musek is supplied by a branch from the 
hypoglossal nerve. Like the nerve to ihe Oeniahyoid, this branch is ulriinaicly 
derived from the first cervical nen'e. 

Actions.—'"Fhe Thyreohyoid depresses the hyoid bone, or raises the larynx- 

'Die Omohyoid (figs, 5^) consists of xvsq fleshy bellies united at an angle 
by an intermediate tendon. It arises ftom the upper boiler of the scapula near the 
scapular notch, and occasionally from the transverse scapular Itpment [p. 481), its 
extent of attachment to the scapula from a few^ milUmetrea to 3-5 cm. The 

infmor betty forms a flat, narrow fasdculus, which inclines forwards and slightly 
upwards acroag the lower part of the neck; it then passes behind the Stemo- 
mastoid and there ends in the intermediate tendon. The Inferior bdly of the 
Omohyoid diridcs the posterior triangle of the neck into an upper or oedpitat 
and a lower or subciaviw triangle {p. 752), The supmt^r btlly passes almost 
vertically upwards from this tendon, close to the lateral border of the Stemohvoid 
muscle, and is mserted into the lower border of the body of the hyoid bone, 
lateral to the insertion of the Sternohyoid. The mtermediate tendon, which 
varies in length and form, usually lies on the internal jugular vein, opposite 
the arch of the cricoid canilage* It m held in position by a band of the deep 
cei^icol fascia which ensheathes it and is attaclicd below to the clavicle and 
the first rib; it is by this fascial process that the angular form of the muscle 
is maintained. A variable amount of striped muEcle miy be found in this fascial band. 

NervMijpply.—'ITic superior and inferior bellies ol the Omohyoid aie supplied 
by branches from the ramus superior and ansa cervicalis rcspeetivdy, 

Atnions.—ITie Omohyoid muscle depresses the hvoid bone after it has been 
elevated. The Omohyoids are concerned also in prolonged insplratorv' efforts - 
by rendering tense the lower part of the deep cervii^ fascia they lessen the inward 
suction of the soft parts, which would otherwise compress the gitat vessels and the 
apicea of the [imgs. 


in, The Anterioh Vertehhai, Muscles (fig. 570) 

Longtis ooUi, Rectus espitis oiticnor 

Longus capitis. Rectus capkis lateralis.' 

The Longus colli is situated on the anterior surface of the vertebral 
column, bctivcen the atlas and the third thofadc ^-ertebia. It is divisible into three 
portions, an itifcriof oblique, a Superior oblique, and a %'eitical; its origin and inser¬ 
tion consist of tendinous slips. The infariot vbiiqiu p&rtian^ which is the smallest 
part of the muscle, arises from the front of the bodies of the first two or three 
thoradc vertebra;; it tuns upwards and Utetally, and is inserted into the anterior 
tubercles of the nans verse processes of the fifth and sixth cervical vertebra The 
tuptrior Mique poriian arises from the anterior tuberdcs of the tnnsveise processes 
of the third, fourth and fifth cervical vertebne; it is directed upwards and mediallv 
and is inserted by a narrow tendon into the anterolateral surface of the tubercle on 
the anterior arch of the atlas. The cvr Hcirf per/ron arises from the front of the bodies 
of the upper three thoracic and lower three cervical vertcbrcc, and is inserted into the 
front of the bodies of the second, third and fourth cervical vertebne 
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Kerve-supp]y.—The Lonf^ toIU is supplied by branches from the vemraJ 
rjirai of the flccofiil^ third, fourth, fifth and sktb cervical nerv es. 

Actions.—The Longus cnlU bends the cervical portion of the vertebral column 
forwards; in addidoiiH the oblique poitiona fits the colurtm JatentUy and die juferior 
oblique portion rotates it to the opposite side. 

The Longufl capitis, broad and thick above, narrow below, arises by leJidinous 
slips from the anterior tubercles of the transverse process of the third, fourth, 
fifth and sixth cervical vertebrse, and b Inserted into the inferior surface of die bsailar 
part of the occipital bone. 

Nerve-stippJy.—'Ihe Longus capitis b supplied by branches from the ventral 
rami of the first, seoond and third cenlcal nerves. 

Action.—The Longus capitis ficxes the head. 


Fig. 570.— Th^ auTtriof and liit^i^l veirebral muielct. 



(tWiijW p^ti 


S^rr^tu iptt^rv&r 


CitpUi* tnUrriirr 


ptuUnor 


Laivju 3 iJoUt, 
efirikal /jflrf 

imri 

SymtinU 4 medium 


— mpiiit himihir 

^ >qf aiLm 

cajiitU 


UcoltlfkUi anUriar 
SeaUiiHJ poaLffitir 


iH ri& 


On the nffht «d« ihs ScAkrruH amnor md tli« L&niitui ham hem 


The Rectus capttU anterior i* a short, flat muscle situated behind the upper 
part of the Longue capitis. It arises from the anterior surface of the lateral mass of 
the atlas, and from the root of its transverse proccssp anti is inserted into the inferior 
surface of the bisikr part of the occipital bone in f^ront of the ocdpital condyle* 
Nerve-supply.—^The Rectus capitis anterior is supplied by branches from the 
loop between ihti ventral rami of the first and second cervical nerves. 

Action.' -The Rccius capitis anterior flexes the head. 

The Rectus capalis Lateralis is a short, flat muscle which arises from the upper 
surface of the transverse process of the atl^ and is Inserted into the under aurftice 
of the jugular process of the occipital bone. In view of its attachments and itt 
relation to the ventral ramus of the first cervical nerv^e, the nxtus capitis lateralis is 
regarded as bomofoguus with the posterior imertransverse muscles. 

Nervfr.supply,—The Rcctiis capitis lateralis is supplied by bmncltes from the 
loop between the ventral rami of the first and second cervical 

Action.^^—The Rectus capitis lateralis bends the head to the same side. 
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IV. Tiie Lateral Vertebral Ml-scleb {fig. 570J 

Scalenus anterior. Scalenus medius. 

Scalenus posterior* 

The Scalenus anterior lies deeply at dne side of the neck behind the Stemo- 
ckidomostoid iiiu^ck. li ariseit from the anterior luhercles of the transverse pro¬ 
cesses of the third, fourth, fifth, and sixtii ccr^^ical vctlebroe, and descending^ almckst 
YcrticaUy, ts inscricd by 'A narrow^ fE^t tendon into the scalene tubercle on die inner 
border of die rib, and into the ridge on the upper surface of ihe rib in front of the 
groove far the subclavian artery, 

fteladons. —In front of it are the clBvidc, the SubebviuB, Siemocleiddmu^toid, 
and Omohyoid miiiieirtr the lateral portion of the carotid sheath, the transverse 
vicalk ^opmacapulBr and ascenditig cervical arteri^^ the subclavian vein, the preverte- 
bra] fascia and the phrenic ncrv^c+ 1 :^ pottfrhr mrjaft is in retarion with die pleura* 
tbc nerves forming the brachial plexus and the subclavian artery ; the latrer two 
sepatitte it from the Scalenus medium. Below, it is separated frnni the t^ongus coIiJ by 
an angular interval (fig. 570) h m which the vertebral artery* wiih its companion vein on 
ii? lateral side, ascends Id reach the foramen transveraanixm of the sixth c^ervleal 
vertebra. The inferior thyreoid anerv' emsisca the interval fioin the lateral to the 
roediai side near its apex. ITie sympathetic trunk and its inferior cervical ganglion 
are densely related Co the piKticro^rrMHlml side of this port of the vertebral artety (fig. 
996). On the left side the thoracic duct this interval at the Ics'el of the sevcnSi 

cervical V'cttebta and usually comes into contact with the medial edge of the munck. 
Abovc+ it is separjitcd (ram the Longus capitis by the ascending eenlod btandi of the 
inferior thyreoid anery. 

NervMupply*—'I'hc Scalenus anterior h supplied by branches from the 
ventral raini of the fourth^ fifth, and sixth cervical ncoca. 

Actiona.—Acting from below, the Scalenus anterior bends the cervical portion 
of the vertebral colunin forwards and laterally and rotates it towards the opposite 
aide. When ihc museic aci 3 from above it assists in delating the first rib- 

The Scalenus medius, the largest and longest of the Scsleni^ arises from the 
transverse process of the axis and the front of die posterior tubercles of the trans¬ 
verse processes of tlic lower five cervical vertebrae, and frequently extends upw ards to 
the tronsverae process of the atlas (fig. 569); it is inserted into the upper surface of 
the first rib^ between the tubercle of the rib and the groove for the subdavian 
artery^ 

Relations-—Its sur/arr iq in rdaiirn with the Sternomoistoid ; it is 

crossed by the clavick and the Omohyoid ; artierit^rfy, it is serrated from the Scaknua 
ajiierioT by the subdavinu artciy and the omical nerves. I'he Levator scapuLa and 
the Scaknua posterior are pogterolateral m it. The tipper two roots of the ncr\c to 
Serraiua anterior and the nerve Ki the Rhomboids pierce the su^tiinee of the musek 
and appear on its lateral surfaDe. 

Nerve-supply.—The Scalenus medius is supplied by branches from the 
ventral rami of the cen ical ntn ea. 

Actiojis.”The Sedenus. medius, acting from below, beiida the cervical part 
of the vertebral column to the same side ; acting from above it helps to raise the 
first rib- The Scalene muscles, in i^nicular ihc Scalenus medius, are important 
acecs^ry' muscles of ijispinition. They may be active ako during quiet hreathing 
in the erect attitude.* 

"rhe Scalenus posterior* the smallest and deep^t of the Scaleni, arises from 
ihe posterior tubercles of the transverse processes of the fourth» fifth, and sixth 
cervical vertebra:, and is inserted by a thin tendon into the outer surface of the 
second rib, he hind the tube rde for the Serratus anterior, Ie is occasionally blended 
with the Scalenus mtdius. 

Nervwupply*—The Scalenus posterior is supplied by hranchers from the 
ventral rami of the lotver throe ccivical nerves, 

Acliotis^ —The Scalenus pc^xerior bends the lower end of the cervical parr of 
the vertebral column to the same side* when the second rib is fixed \ if its upper 
stiachmcni be fixed k helps to elevate the second rib. ^ * 

* E. J. M. Campbell, y, Amit., 89, 1955. 
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THE I^ASCtjE AND MUSCLES OF THE TRUNK 


The rqu^du of the trunk may be arranged m six groups: 


[. Deep riiu^'les of the bock. 
[[. Suboccipilal muscles. 

III. Musdea of the thorax. 


IV. Muscles of the abdomen. 

V. Muscles of the pelvis. 

VT. Musdes of the perincutn. 


I, The Musetes of nte E^ck (%. 572) 

The deep or Lntritisie muscles of the back conaist of a complex group of muscles 
extending from the pelvis to the skull. They are ! 


Splenius capitis. 
Erector spinas. 
InterspinaJes, 
Imertransversaril, 


Sptenius cenieis. 
T ransversospi nal iSv 
SemispinaJis. 
MuitiRdus. 


Rolatorus. 


The superficial and the deep fascia of the back of the neck and tnmk arc 
described on p. 6ti. 

The thoracotumbar (iuinbaT} fascia mvera the deep musdea of the back of 


FlO. 571.—'A trmiJVTfYU^ icctron throLi^ti the pOSttmr v-mlih t* ihow 

tli£ dUpcvitioii of the fhomealuinbi^ fufiL Diagrafrnn^tir, 



€^ernu 3 
Quadirotu^t iumbfjrrum 
fiSKK 


ErtCtJOr ttJHMiS 


the trunk. Abovc^ it passes in front of the Serratufl posterior superior and b con¬ 
tinuous vi ith the superficial lamina of the cenicsl fascia on the back of the neck. 

In the thoracic region the thoracolumbar fascia is a thin Rbrous lamina covering 
the extensor muscles of the vertebraJ column anti separating them from the muscles 
connecting the vertebral column to the upper extremity, it contains both longi¬ 
tudinal and transvetrae fibres, and is attached, mriiialiy, to the spines of the thomdc 
vertebra?; iairralfyf to the angles of the ribs. 

In the lumbar reginn the thoiacolumbar fascia is in three Jayers (fig* 571). The 
posterior layer is alt^ted to the spines of the lumbar and sacral vertebra? and to the 
supraspinous ligament; the middle layer is attached^ mfdrntty^ to the tips of the 
iransverse processes of the lumbar veTlcbrT, and to the intertransversc ligaments, 
brlotCt to the iliac cnest, and ab&ve, to the lower border of ihc twelfcii rib and to the 
Lumbwostal ligament (p+ 473). The anterior layer covers the Quadiatus lumborurri 
and is attached wedrW/j to the anterior surfaces of the tiunsverse processes of the 
Lumbar vertebra: under coveir of the lateral part of the Psoas major muscle. 
it b attached to the ilblumbar ligament and the adjoining pari of the iliac crest; 
oAorr, it forms the lateral lumbocostal arch (p. 585). The posterior and middle 
layers unite ai the ktoral margin of the Erector spina", and at the lateral border of the 
Quadratus lumborum they arc Joined by the anterior layer to form t he tendon of 
origin of the Tninaversus abdominia. 

The Splenius capitis (fig. 594) arises from the lower half of the ligarnentum 
nuchae, from the spine of the seventh cervical vertebra^ and from the spines of the 
upper three or ftjur thoracic vertebrat, under cover of the Rhomboid and Trapexius 
muscles. The fibres of the muscle arc directed upwards and Laterallv and arc 
inserted, under cover of the StemoeJeidomafttoid muscle, into the moAtold process 
of the temporal bone, and into the rough surface on the ficdplial bone just bclovi' 
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f'lG. S7a*—Tlw deep miuctea of ibc bsacb* 
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jy.ft,—On Ibo left the Ereerttrspin^ muKle md ite upwatd conUniutiong (frith the 

o^pia^ pf ^ Lormuwmw wmo. mu^whkJi hito been dieplaccd letewlly^ Jt^r 

With the SemiiLpmAlK cipiTit muBelc have been rcinoved. 
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the latcraJ thint of the su^nor nuchal line. TItw mu^le forms a part of tfie floor 
of the posterior nanglc of the neck, above and behind the Levator scapular 

» supplied by the lateral branches of the 

uor^al mmi pf the iiiiddFc c^n’ical nen*ts. 

The Splemtis cervtcis arises from the spines of the third to the sixth thoracic 
yertebitB: it is mserted mto the posterior tubercles of the tiansveree processes of 
LevatoTsc^ute vertebra tmiiicdlately under cover of the origin of the 

Nerve^uppJy.^The Splentus oervids is supplied by latcraJ branches of the 

dorsal mmi pi iho lower cervical nerkca* 

u- Splenic of the two sides, acting together, draw the head directly 

backwards; acting separately, they draw the head to one side, and sLghtlv rotate it 
turning the face to the same side. 

'J he Er^tor spin* (Sacrospinalis) {% 572), and its proJongations hi the 
thoracic and ccrvt^l regions lie in the groove on the side of the vertebral column, 
covered m the lumbar and thoracic regions hv the thoracolumliar fascia, the Sermtus 
posterior mrerior l»crlr«v, and the Rhomboid and the Spknius muscles above. Tt 
onns a large muscular and tendinous mass, which v'aries in size and constitution at 
(Itcrcnt parts of the vertebral column. In tlie sacral region it is narrow and pointed, 
fk- .y in stnictuie, [n the lumbar region it forms a 

thick fleshy mass which can readily he felt in the living subject. Its lateral border 
IS niarlt^ by a visible groove (fig. 575), and. traced upwards over the hack of the 
tnoi^Xp iicrti^sacs the nbs ai ihcir angk^s, inrJining medially ast it ascends. 

I he Erector spinic rises from the anterior sttrt'acc of a broad and thick tendon, 
whicb is attached to the median sacral crest, to the spines of the lumbar and the 
c eventh and twelfth thoracic vertebrr. In the supraspinous ligament, to the medial 
wpect Of the dorsal ^cnt {p. my) of ihc iliac crest and to the lateral sacral crest 
ing, 303], umerc ii hlends w'ith the sacroiulicmus and dorsal sacni-iliac ligaments • 
^ine of Its fibrra are eontinuotis with the fibres of origin of the Gluteus msximus; 

J he muscular hbro form a large fleshy mass, which splits in the upper lumbar 
egion mto thr<x coluinns, vix. a lateral, the lUocotttj^m'iratii, an intcmiediatc, the 
Lmgtiiimus, and a medial, t he Spinafit^ Each of these consists, from below u pwards, 
of three parts, as follows t 

fnrerffil'iitate Column. 

Longissimijs. 

(n) L. thnracis, 

(^) L, cfrvccis. 
fc) r.k capitis^ 

borillir if lumborum is irtsvrted, by tiaftened lenduns, into the inferior 

™ 1 1 ‘ of the low cr ssx or tci'tm ribs. 

Jiw iho^cis Krises from tllE^ uppi:rhmdm of the angles of rhe lower 

7 ™ . rendona of insertion of the ITiocosiBliu lumbomm ; it ii 

ijpi>er bonders of the of the upper six ribs and into the hack of rbc 

iransvcr^ proettss of the aei^eoth cervicaS vertebra^ 

^ nrvicis ames from the of the Third, fourth, fifth and sixth 

Jin t'^rtdoiii of inR^rtion of the ilbctisiaJiif thoraeoi. and a iflserted imp 

rutKircJes of the ininaver^c procwe^ of the foutth, fifth and sbeth ecjA ical 

three muacles ore supplied by the doraal nutii of the 
tower cei^iLsil, the thomtrie and the upper lumhar nerv^. 

AtUoru.— 'IlreM muscles anc extensors of the veftehnil column j they also bend 
It to one siiJc.i 

.if ,K**'r /boracts i$ the bteimediate and largest of the coniinuarinnt 

ipiiw*. In the lipbar region, where it is as yet blended ivith the Jlio. 
TO^Jis Jumborum, aomc of ns fibres are attached ip tlw whole length of the posterior 
simaces of the tninswrae processes and die accessory processes of die lumbar vertex 
I r'* ^ the ihoracolumhar fascia, in the thoracic region it is 

r.« k * by rounded tendons, mto the tips of the iransvenM! processes of all the thoracic 
and H«hy processes into the lower nine or ten ribs between their tubercles 

situated medial ip the E^ngissimua thoracis. 
Ru..I , ** tendons from the transverse processes of the upper four or 

Thfc vertcbriB, and is inserted by similar tendons into the posterior tubercles of 

transverse processes of the cervical vertebrae from the second to the sixth incluaiv'c. 


L/iferal Cttfumn. 

lliDCost&cervfcalis. 

(£i) lliooi:i.^tjlis lufnl:Kinjjn. 
(^) llioca^tulh thorttris. 

(ir) lliocDsUilis cen'icis. 


Afrdtaf Column. 

Spin al ift 
(isf) Sk thtinici.9. 

(^) 5 , «rv'iciSs 

(f) Sv cipitis. 
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The Lantlissiniua capids lies bcwcen the Longiiiimus ecm'ds imd the S^i- 
■niiulis canius It arises by lendwna from the transverse processes of the upper four 

venebne, md is insetted into the posterior matlpn of the mastoid process, deep to the 

Pin, iwpect of the trunk, shnwine th* principil 

surface landtnariu. 



rt/c, 
5 pilK of C. 
Spint 


furrow 


_fi 7 fi^*i 


SjiiMof 

mjmla 


Efteittr m., 

loiifml hordcF 


Splcniu» capitii and StemcEfnaBiold. It h usually by a tendinosis intei^ectiaTi 

f/Onnissmii arc axipplicd bf the dorsal rsnii of the lower 
cervical, the ihnracJc and the lumhar netvis. . , , . ■ , 

ActivA^-_The Longissit^* thoncis et ccrvicjs bend me vertebral column otck- 

watda inti laterally ; the Longissimu^ enpiti* eattend* the head, and niriw the face 

towards the same aide. . . , 

^rhe SpiniUi tboracifl* the medul ciKiimoatum of the Rmetor spinse^ is warcejy 
MTpirabk a* a di^oncr fmi*dc. It ii situated at ibc mediiU *ide of ihc Lonflisaiinai 
tbamciB* nod la iDtimitely blended with it i tt nnscs by three or four tendoni bxim the 
apines erf the eleventh niitl wclfih tharadc, and first and iccond IkimbaT vertebne i 
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thc^p iiniiin^, form a fiiinnfl muscle \vhich is kuserred hv separate tendorts into tiw 
aptoes of the upper thoracic vertebra?, the number varying from four to It is 

intimately unitc^ with the Semispinalia tho^acis^ which lira deep to it, 

llic Spinjiihi (Cervicis is an inconstant musde, which ari^ from the lower part 
of the ii^Eamcnturn nuthn?, the spine of the seventh eervicah and anmetimra from the 
spinea of the itpt nnd second thoracic vertebra.; it is inaetted into the spine of the 
aicis^cid occasionally into the spinea of the two vertebra immediately b=low It. 

llie Spinalts c^pttla is usually more or leais blended with the Semispinslii capitis, 
>^pinalc 4 arc iuppticd by the dorsal mnij of the lower 
ccr^'ECfll and thuracic nerves. 

Aetloiw-—The Splnales extend the vertebral eulmnn. 

Tile Trottsverao-spmatis consists of the foliowin^ muscles : 

Semispinahs thnracw. Mullifidus. Rorn tores ccnicis. 

Setnispinnhs cers'icj s, Rt, tatn rra thurara. 

Scmtspinalis capim. Rotatorra lumbonjm. 

'l^bese muscles run ohtiqucly iipw^ards and mcdiallv fmni ihe irann.verse prucessra 
to the spines of the vertebr®. 

The SemUpi nails thoracic consistE of tbin^ deshy faseicult, intcipfjocd between 
tendons of Mnsidenible length. Jt srisea by a series of tendons from the transverse 
proce&sra uf the thoracic vcrtebri^ fmm the sixth to the tenth inclu»ivc» and is In¬ 
serted. by tendofii, into the yplnra of the tipper four thoracic and lower two ccr^'ical 
vertebrxK 

The Setnispioaits cervicii, thicker than the prcoedlngH qiiscs by a scHra of ten¬ 
dinous und fleshy fibres from the iransverse proccssraof the upper hvc or six thoracic 
vcrtcjsnup and h inserted into the ccryicaj spines; from the axis to the fifth inclusive, 
d he f^ciculufl connected with the axis isthelargcstp and chiefly muscular in structure. 

cap]ti$ (fig, 572) is KiTuated at the buck of the iieck^ under cover 
of the l^plenius^ and media) to the l^ngissiini ctrvicis ct capitis, Jt arises by a series 
of lenduna fr(?m the tijHt of the transverse procrases of the upper six or sev'cn thoracic 
and the seventh cervical vertebnc, from the articulur proceases qf the fourth, fifth 
and sixth cenneai vertebnr and, occasionalE vk from the spine of tJic seventh cervical 
or first thoracic vertebra. ‘The tendons are succeeded by a broad tnusclen which 
iipw'arda and is imericd into tlie medial part of the area between the superior and 
inferior nuchal lines of the occipital bone, U'lic medml part, usually mote or less 
distinct from the vest of the mu$cle, is named tlie Spinalu c^pi'fji-; it is sometimra 
call'^ the Bwf-rtter rmivVni:. Eince it is tiavertciil hy an imperfect tendinous iniericcctiDn, 
Nerve-supply.—ITie SemispinaJes are supplied by the dorsal rumi of the cervical 
and thuraeic nerves. 

Actions.—^rhe 5 cmispltiales thoracis ct cennds extend the thoracic and cervical 
portiom of the vertebral column^ and miate rhem tow^ards the opposite side ; the S^i- 
fipjnulis cspttis extends the head, and turns the face slightly tow^ords the Dppofiiteaidc, 
The Miiltilidus consists of a number of fteahy and tendinous fasciculi^ which lie 
deep to the foregoing muscles and fill the groove at the aide of the spines of the 
fror*^ aacTum to the axis. In the sacral region, the fasciculi arise from 
the back of the socrum m low as the fourth aocral foramen^ from ihe aponeurosis of 
origin of the Erector spime, from the medis! surface of the posterior superior iliac 
spine ^d from the doraal sacm-iliac lig^cnla; in the lumbar region, from all the 
marmlrnry proceitees ; in the thoracic region, from all the trunss^erse process^ ■ and 
in die cervical rtgf&ti, from the articubr processes of the lower four vertebrae. Hnch 
fascictduts passes obliquely upwards and medially, and is imetted into the whole length 
of the apinc of one of the vercebne above. The fasdculi vary in length ; the rnost 
Superficial poAs from one VErtebni to the third ejr fourth above ; those next in depth 
mn from one vertebra to the occond nr third above ; wliile the deepest connect 
contiguous vertebra?. 

Nerve-supply.—The Multifidus Is supplied by the dorsal rami of the spinal nerves, 
H’he Roratorcs lie deep to the Muhifidua atid are best developed in the thoracic 
region. 

Hie Roratores Choracis arc cltiven in number nn each side^ au^cj arc small anti 
sonicwhai quadrilateral in fonn. Each arist's from the upper and postvrii?r part of the 
irms^TCTW process of one 1 ertebra, and ts inserted into the lower benJer and lateral 
surface? of the jamina of the %^crtehra next ab<A'e, ihe fibm eStondiTig as far a.^ the root 
of the spine. 'J’hc first is found behveen the first and second thoracic vcrtebtn? ; the 
hutp bctwtrcn the ilcventh and twelfth. Sr’aneiimeft the number of these muscles is 
diminished by the iibstnce of one or monc Irnm the upper or lower end of the scries, 
'ITie Rototores ocrvidsi and Eumixrrum arc represented only by irregular and 
variable muscle bundles wiih similiir artochmenti lu thiMC of the Roialures thoracis. 

Nerve-supply,—The Roiaiores are Supplied by the tkusa] rami of I he spiimi 
nerves, 
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I'hc Inlerspittales are short mu^jcularf&acicLili, pbccd m p^-ira bem-«n the apint?* 
of comiffucHis vertebnc, one on each si Jo of the inicfspinot^ li^rfmcnt. I ^ the r^rrt irof 
Tfgian they are most distinct, and consist of abt pmrs ; the first la situated ^tween the 
ftxifi and third vertebra, sod the kstbetv^een the seventh cervical ud the tirat thoracic 
vertebrw- 'I'hey are smaJl narrow bundles, ftitachcd, above and ^iow, to the apices 
of The ipinea. In ihc fhamtit rr^ioff they are found between ihc firat and 
vertebne, and sometimeft between the second and third, and ihe elcvenTh and rrvclfth 
%'erlchnE- In the there are four pairs in the intervals between ilte nvc 

lumbar vertebree. A pair is occasiooolly found between the last thor^ic and nrst 
lumbar li^rtcbr^r, and another between the &fth lumhar \-ertcbra and die sacrum. 

Nerve^upply.—lire Interspinales are supplied by the dnradl rann ol the spinal 

nc^'es !■ 

'rhe Intertransver^arii arc smalfc muscles plated bcpivccn the transverse processes 
of the vertebra. TViev arc best developed iit the where they consist of 

anterior and posterior atips. which are acpantled by the venlrml mma of the spioa 
nerves The ppftfrtw wtfTtranttr^st mmiks ntr subdivisible into medial and lateral 
slips, which are supplied by the dorsal end veotraS ranii of the spinal nen es rcspi^- 
ilvifly llie medial which is the proper interminsverse muscle is often further sub¬ 
divided into medial and larL-ml portioofi by the pasaa^e throL4«h it of the dntsal ramus 
of the Kpirmi nerve- The artirri^r rnttrlrarisir^^M mtttfirs and the laierat parrs of the 
posterior muscles connect the costal prueessea of ccinliKUOUS vertebne, and the medial 
parts of Ihc posicrior muscleH connect the true fiunaverse processes, 'llicre are seven 
pair^L of these muscles, the highest between die atlas and nacis, and the lowest between 
the seventh ctTvical verEcbra and the fust ibcirtcit, but the anterior miJsck between 
the atlas and axis is often iibsenT. In the t/iwnmr rejfiViii they consist of sintsle muRcles, 
which ore present between the transverse procesaes of the three lower thoracic vertebra? 
only and between the trunsv^rse processes of the lust thoracic vertebra and the first 
lumbor. In the luwihnr they Mjpun consist of two sets of muscles, one named the 
/n^rrtniwnrrMTTJ connecting the iiecessory' process of one vertebra with ihe 

nianiillary process «f the nest, and the other named the fnYfrfroiut’ermrri /tflnvi^ej, 
which are really divisible into ventral and dorsal pons.* The ventral parts cenoem 
the transi erse procc^aea (costal clcmentsl of the lumbar vertchrte, and c«ch dorsal 
part coiinccJs the iccesmry process m ihe irsnsverse process of the succeedinir 
vertebra. 

Nerve<siipply-—The Iiiiertransvcniarii mediulea luinl^c^rum^ the ihoraeic Inler- 
transversadi and the medial parts of the posterior Inlcrtranaverse muscles in ihe 
cerv'ical re(»t™t are supplied hy the dorsal Tami of the spinal nerves; the fithcni are 
supplied by the ventral rami. 


Actions.—The short muscles of the back funciiotip for the most part, aa postural 
muBcIcs, The vertebral column consists, in effect, of a scries of short levers jointed 
toother. A tnedtanical arran^ment of thia nalurc is unstable to compression 
forces and it w'lU tend to buckle unless there is some fncchanism by which the movc' 
menm of the individual joints rdadvc lo one another can be controlled, 'rhis 
mechanism is provided hy the short muscles of the back which steady adjoining 
vertebne and control their movcmcfita during movements of the vertebral column as 
a whole. In this vray they ensure the efficient action of the long musclea, 

Thcoreticdly^ these muscles are capable of producing extension (Multihdus, 
Spinalcs), kteral flesion (Muldfidus, IntcrtiansverMrii), and roration (Multifidus 
and Roiatores)^ but their functions as prime movers are of quite secondary import- 


llie deep muscles of the hack are importaiil in the control of posture, "rbesc 
muscles show intermitted I ctmtractians during the spontaneous swaying movements 
which occur in the upright posture. Contraction of the erector spinx muscle ex¬ 
tends the inink but the continued contiol of extension is to a huge extent dependent 
on the activity of the Rectus abdominis muscles. Similarly during flexion of the 
trunk, movement is inituiied by the flexor muscles such as the Rectus abdominis 
museJeSt btit ita further contml is exercised hy the ErecTOr spina: muscles. In 
lateral flexion the control is exercised by the contralateral Erector spina? muscle. In 


• A. J. K* Cave, J- Amii., 7t* Accutdinn lo A. D. Mortisou,/ .-Ihhi., 

8S, I954t the ThoTiMjic inicrttan*vcTW irtUAck* md li4;anwniA arc fidmolofiQu# with the rnediol 
portions of the proper Po«efior interinuivvoT^ museln of the ccrvicnl reakn und ihc 
i^viTOtiSi t;cHTanmi imwclcs uc humale|< 0 li« wnh the lulcr^ poniand, live Eatcfal bimiuih of 
the doraal raiitiJ* of iht spmaj ncu'e Kparatcft the I'^honicic EtitcrtrQnsvtruc inu^cb from the 
Levatni oaxtu? niuwlc. In the lumbaj iraion the Levatores co^latiun miucln are repre¬ 
sented bv die Medial intertran^vcfic museica while the Lateeal intertransverw muaciea are 
homCiloHDua With the lotercOftTfll mu^cloi. 
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the pMitiofi of full flcxbrt of the trunk the Erector spinse muscle however is relaxed 
and clectromypgraphiojily quiet. It believed that in ihb position the temion is 
totaUy taken up by the ligament of the spine.* 

Appimi Anaif^nry. If the short muselcs of the beck am parai vsed, contraction of 
the long mu^fes, or even their normal tnyotonud, lOigefher with the compre^ing effect 
of gravity, will cause the vertebral column to buckle and this produces the deformity 
known as roi/iWt. ' 


Flo, 574.—Ihe lefl auboecipttAl triungSt and itt cdiiients. 
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ir. Tw SUBOCCIPlTAh Muscus (fig. 574) 

Rectus capittB posterior major. Obliquua capitia inferior* 

Rectus capitis posterior minor. Obliquus capitis superior. 

The Reertus capitis posteriof major arises by a pointed tendon from ifit spine 
of the axis, and, becoming broader as it ascends, is inserted into the lateral part of 
the inferior nuchal line of the occipital boflci, and into the bone immediately below 
the line. As the muscles of the tw o sides pass upwards and laterally, they leave 
between them a triangular space, in which parts of the Recti capitis posterioms 
minorcs arc seen. 

Actions.—The Rectus capitis posterior major extends the head, and turns the 
face towards the same side. 

The Rectus capitis posterior miaor arista by a narrow pointed tendon from 
the tubercle on the poaicrior arch of the atlas, and, widening as it ascend^ ia insened 
into the medial part of the inferior nuchal line of the occipital bone and into 
the bone bctwwn that line and the foramen magnum (fig, 327). 

^tion.—The Rectus capitis posterior minor extends the head* 

'Fhe Obliquiis capitis inferior^ the larger of the two Oblique muscles, arises 
from the latcraf surface of the spine and adjacent part of the upper pan of the lamina 
■ \\\ F. FToyd and P. I t. S- SibrcryJ^Pky»Ql.^ t9Sy» 
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of the axis I it bicrally aisd slightly upwardsp lo be inserted into the Ifiwer 

and back part of the trans^ eoc ptneess nf the atlas. 

Action.—lilt Obliquus capitis inferior turns the (tik towards the same side. 
Ofcwijff to j / m ! tfr^th of tht tramvme protfss cj tftf ottos the mmcle is enMetl to act to 
good thi^hameal ^dvonsage. 

The ObLiquua capitis superior, narrow below, wide and expanded abovCi 
arises by tendinous fibres from the upper surface of the transverse prtwss the 
atlas. It p^>scs upwards and backwards, and is inserted into the occipiiaJ bone, 
bctw'ccn the superior and inferior nuchtl lines, lateral to the Scntispifiaiis capitis 
and overlapping the Insertion of the Rectus capitis posterior major. 

Actions*—The Obliquus capitis superior l^nds the head backwards and to the 

same side. . . i , 

Note.—This muscle and the two Recti arc employed more frcqucnily as poatural 

muEcIcs (Ph 546I than as prime moversH 

Nerve-supply.— .'Vil the sulxiccipiial muscles ore supplied by the dorsal ramus 

The suboccipii^ triangleH -This triangle is bounded, above and medbDy, 
by the Rectus capitis posterior major ; above and laterally, by the Obliquus capitis 
superior \ below and Latcially, by the Obliquus capiUs inferior. Medially, the roof 
is formed by a layer of deim hbroffltty tissue, situated deep lo the SemispinaliB 
capitiE, and, laterally, by the Longi^imus capitis and sometimes by the Splcnios 
capitis, which cover the Obliquus capitis superior. The floor of the triangle is 
formed by the posterior atlanto-occipital membrane and the posterior arch of the 
atlas ; the veftebni! artery and the dorsal ramus of the Aral cerv ical nervt: (fig. 574) 
lie in the pjroovc on the upper surface of the posterior arch of the atlas. 


Ill. 'riiE OP THE Thorax 


Levatores costarum. 
SeiTatus posterior superior. 
Sertatus posterior inferiorn 
Diaphtugm. 


IntercoBtalcs extemi. 
Intercnstalcs ifitemi* 
IntercDstalcs intimi. 
Subcostolcs. 


Transvetsus thoracis. 


The Intercostales (fig, 576) arc thin supcrimpjscd layers of muscle and 
tendinous fibres occupying the intercostal spaces. They arc named fram their 
surface fcbrions—the lixicmal intcncostals arc mosT superficial and the Inter- 
costalcs intJmi are the innermost. The Intcrcoetalcs iniimi logetber with the Sub- 
coslalis and Transversus ihonicis represent the doepcsi layer of muscle in the hnidy 
wall iti this rcgi€>n and arc there fore sometimes grouped together under the term 
Trans versus thoracis. 

The Intcrcostales cxtvmt arc eleven in number on each side. Their nttach^ 
ments extend from the tubercles of the ribs behind, where they are related to 
the posterior fibres of the sujK-rior cosiotmnsverse ligaments, almost to the car¬ 
tilages of the riba in front, where eadi is replaced hy an aponeurotic layer named 
the fxtmat (mitrior) intfrcotial mrmhrant, which ia continued forwards to ihe 
sternum. Each muscle arises from the lower border of one rib, and is inserted 
into the upper border uf the rib below. In die lower two spaces thev extend to the 
ends of the rib-cartilagea, and in the upper two i‘»r three spaces they do not quite 
reach the ends of the ribs- l*hcy am thicker than the Intcrival ifikTCostals. and their 
fibres arc dirccScd obliquely downwards and laterally on the back of the thorax, and 
downwards, forwards, and medially on the fronr. 

The Intcreos tales intemi arc aJso eleven in number on each side. Their 
atrachn^ents commence anteriorly at the stemutn. in the interspaces between the 
i:arti]agcs of die true ribs, and at die anterior extremities of the cartilages of 
the faUe ribs, and extend backv^urds as far as die angles of the ribs, where each 
is rep faced by an aponeurotic layer named the ioternai {ptijferior} i^tercoTfat 
hrortt, which is continuous posteriorly with the anterior fibres of dir superior c«jsto- 
iransvcrae ligumeni and anteriorly with the fascia inii-rvcning between the internal 
and extemaJ intercostal muscles. Each muscle arises from the firmer of the cortal 
groove and the coireaponding costal cartilage, and is inserted into the upper border 
of the rib below, llicir fibres are also directed obliquely^ but nearly at right angles 
to th^ise of the External intercnstal muscles. 
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Acdons.—The actions of the External ajid ttitemai intercostal muscles are %'ery 
dilHcuLt 10 clef ermine. Some believe that both groups act as elevators of the rib* 
whilst others have attrihiiled the oppHisite action to the Intenui] inlcrcoBtals. It 
has been shown however that impulses pass along the ncirea to the External infer- 
costals in inspiration and along those to the Internal imcrcostaja in expiration.* It 
has also been maintained that the intcrrardlaginniis part of the Interna] intercostals 
act with the External intercoslal muscle* in inspiration. In addition the Inten.'ostal 
muscles form strong ckstk supports, which prevent the intercostal spaces being 
drawn in or bulged out during respiration. The anicHor portions of the Interna! 
intercostab probably liave an additional function in keeping the stemoci^ta] and 


Fjc. S7J.—The left TmmvrrAUS thoneb niuich^ f^pOErd drtd viewed in 

pcjEterior aspect. 
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Kmk lIUE, liti tlic inCen‘i] bftwvoi Uir f EcttuI find ihe mliJ Hivini ef tlM Db^EHSm, iht Ipwirr of 

UlC- Tnwv^ui tljuTiLdEi liiB intltc E&edgv wjiJi tIm] upfKr DOfiler of tbe TnMVHiiJi kbdkitntQii. 

iFiterchondtal joint-sudaces in apposition^ the posterior portions of the External 
intercostals performing a similar function for the CMtovertebra! joints. 

The Intercostales infimi f are placed on the deep surfaces of the Internal 
intercostals and their fibres pass in the same direction^. Each ia attached to ihe inner 
surfaces of two adjoining riban Poorly developed, somctinies absent* In the upper 
intercostal spaces^ the Intercostalcs intitni become gradually more extensivt from 
above downwards. Below each covers the middle two-fourths of the intercostal 
apace, and its posterior border is edge to edge with the lateral border of the cor* 
responding SuncostiiJis muscle. The Intcrcostales intimi sepaiaic ihc intcfcostal 
vesscb and nerves from ihc pleura (fig, 971). 

Actions.—The Intercostalcs intimi act like the Internal inlercostals. 

T*hc Subcostaics consist of muscular and sponcuroiic fasciculL* and are usually 
well developed only in the low'er part of the thorax ] each arises from the inner 

• D. W. Bumk and L. K, Amur.Jf.Pkyntd.^ lOJS- 

t Theft miiselcs wert onirkslJy calttd Zntracoit»l«, and they xrt r^guded by sotne 
anatornisit mrrciy if pflrts of the [ntrrtitl intrjtof la It. For ■ full deaedptido oomult the 
rollowiog; T+ Waloialcy, y. dMiflf-, f-eW.* yo* li;l5 atul F. Davies, R. J. CJladitone and E. P. 

Stibhcp 6*, 1^31. 
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Burfacc of one rib ncor its angk, and is inserted inw the inner surface of tlie second or 
third rib below. 'l%cir fibres run in the same direction as tlsosc of ihc IntcmaJ inter- 
cosuls. Like tlic Inierrmnilcs intimi they inlcrtcnc between tbc itiicrco^^tal scssek 
stnd iHM^'cs and the pleum. 

Actions.—The Subcostal depress the ribs. 

The Trans versus thoracis (Stcmt>ccisiaLis) is siiusuctl upm the inner surface 
of the front wall of the chest (%. 575). It arises from the lower third of the posterior 
surface of the body of the sternum, from the pfjsierior surface ol the jfiphoid process, 
and from the poatcrior surfaces of the cosml cartilages of the lower three or four true 
ribs near their sternal ends. Its fibnss diverge as they pass upwards and laterally, 
to he inserted by slips into the low^cr borders and inner surfaces of the costsd 

cartflagca of the secondp ibitd^ 
Fto. 576. — A disKciiqn of b part of the thonictc ‘nail, fourth, fifth, and sixth ribs. The 
ihouiriK The position of the JoitfrHMfal vcMelsatid lowest fibres of this muscIc arc 
ncr>^ to the horizontd, and arc edge to edge 

with the highest fibres of the 
Transversus abdcitninis; the In- 
tcnnetliaie fibres are oblique, 
while the liigheet arc nlmost ver¬ 
tical. This muscle varies in its 
attadmientji not ^mly in different 
subjects hut on opptitifctc sides of 
the same subject. Like the Intcr- 
costales intimi and Subcostates, 
the 'rransversus tJuimclsseparates 
the intercostal nerves from the 
pleura. 

Actions. — 'rbe Transveraus 
thnraeis draws down the costal 
cartilages to which it is attached. 

Nerve-s up ply .“.411 th esc 
muades arc supplied by the cor¬ 
responding intercostal nerves, 

'llte Levalorcs costanini (fig, 
572), twelve in number on each aide, arc strong bundles which arise from the ends of 
the transverse processes of the aeventli cervical and upper eleven thoracic vertebra ; 
they pass obliquely doumwards and laterally, parallel with the posterior borders of 
the External intcrcostals, and each is insertj^ into the upper edge and outer surface 
of the rib immediately beloTv the vertebra from which it takes oiigi , bctiveen the 
tubercle and the angle (LcV'aiotes cx^starum breves). Each of the four lower muscles 
divides into twu fasciculi, one of winch is inserted as above described; the other 
passes down to the second rib below^ its origin (Levatores costanim longi). 

Nerve-supply.—'The Levaiores co&tarum are supplied by the lateral branches 
of the dortai rami of the correspt>ndtng thoracic nerves.* 

Actions.—The l^v-atores cosUriim being inserted near the fulcra of the ribs 
can have Utde or no elevating action on the ribs, but they may rotate Use necks of the 
ribs in a forward direction \ they are said to act as rotators and lateral flexors of the 
vertebral column. 
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The Semtus posterior superior is a thin, quadrilateral ntusde, situated at the 
upper and posterior part of the thorax. It arises by a thin aponeurosis from the 
lower part of the ligamentum nucluc, from the spines of the sctxrth cervical anti 
upper two or three thoracic vertebr* and from the supraspinous ligamenL IndininE 
dou-nw^ds and laterally it Is inserted, by four fleshy digimions, into the upper 
borders and outer surfaces of the second, third, fourth,' and fifth riba, a little beyond 
their angles. It lies eupcritcial to the thoracolumbar fascia and is hidden by the 
Rhomboid muscles. ' 

NefVMupply.-lTie Serraros posterior superior ts supplied bv the second, 
third, fourth and fifth tnt-ercostiil nerves, 

Acttons.^The Serratus posicrior superior ekrates the ribs to which Jt ts 
attached. 

The Serrttus posterior inferior (fig, 594) k situated at the junction of the 

* A. B. Morridun, /oe, cit. 
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tbotucic and lumbar regions : it is of an irregularly quadrilateml form^ broader than 
the preceding muscle, and separated from it by a wide inttn/aL Tt arises by a thin 
aponeurosis from the spines of the lower twTj thorade and upper two or three 
lumbar vcrtcbirc and from the supraspinous ligament; tJm aponeurosis is inum- 
aiely blended with, the thoracolumbar fascia. Pas&Lng obliquely uptvard^ ami 
JaTcrallVp it becomes fksliy, and is inserted by four digitatlons into the inferior 
borders and outer surfaces of the lower four ribs, a little beyond their angles. 

NervC’-supply*—The Serratus pristerior inferior is supplied by the vctitml 
rami of the ninth, tentb, eleventh and twelfth thoracic nerves. 

Actions.—The Serratus posterior inferior draw's the lower ribs downwards and 
backwards and thus elongates the thorax ; it abo hxes the lower ribs, thus assisting 
the inspiratory^ action of the Diaphragm and resisting the tendency of the latter to 
draw- the lower ribs upwards and fonvards. 

The Diaphragm 577} is a domr-shaped, musculoBbrous septum which 
separates the thoracic from the abdominal cavity^ its convex upper surface forming 
the floor of the former, and its concave under surface the roof of the LatteIts 
peripheral part consists of muscular fibres which take origin from the drounfercncc 
of the thoracic outlet and converge to be inserted into a central tendon. 

TIk muscular fibres may be pouped according to their origins into three parts— 
atemat, costal, and Jurabari The arises by two fleshy slips from the 

back of the viphoid process ' the iosiaipari from the inner surTaecsi of the cartilagea 
and adjacent portions of the lower six ribs on each side, Lnterdigitating with the 
'rransversus abdominia (fig* 575) ; and the himhar part from ivt o aponeurotic arches, 
named the medial and lateral lumbocostal arches and from the lumbar vertebra! by 
two pillars or trum. 

*rhe iattral fumhorostai arch {itirofaic which is a thickened band in the 

faacia etivering the (Juadratus JumbonimT arches across the upper part of that 
muscle, and h atiacbed, medially, to the from of (he inansvcrs« pn>ccss of the first 
lumbar vertebra, and, laterally, to the lower margin of the twelfth rib. 

The mcdiiii luminjcoaaf arch (aratatr figamc/if) i& a tendinous arch in the fascia 
covering the upper pan uf ihr Psoas major: medially, it is continuous with the 
lateral tendinoLLa margin of the corrrtptmding «rriia, and is attached lu the side of the 
body of the Itm or second lumbar vertebra ; laterally, it is fixed to the front of the 
transverse process of the first lumbar vertebra. 

The crura, —At their origins the crura arc tendinous in structure, and blend w-Eih 
the anterior longitudinal ligament of the vertebral column. The hghi crus, larger 
and longer than the left, arisen from the anterior surfaces of the bodies and inter¬ 
vertebral discs of the upper three lumbar vertebrae, while the ie/t crus arises ftoni 
the corresponding p^trts of the upper two only. The medial tendinous margins of 
the crura meet in the median plane to form an arch across tbe front of the aorta, 
w^hich is termed the median arcuau iigamenf ; tt is often ponrly defined* 

From this series of origins the fibres of the Diaphragm converge to be inserted 
into the central tendon- The fibres arising from the xiphoid process are very short, 
and occasionally aponeurotic : those from the medial and lateral lumbocostal arches, 
and more especially those from the ribs and their cartilages, are longer, and describe 
marked curv^es as they ascend and converge to their insertion. The fibres arising 
from the crura diverge as they ascend, the most lateral being directed upwards and 
laterally to the central tendon. The medial fibres of the right crus aacend on the 
left side of the lestiphageal opening, and occasionally a fleshy fasciculus from 
the medial side of the left crus crosses the aorta and runs obliquely through the 
fibres of the right crus towards the vena caval opening, bui this fasciculus ' is 
never continued upwards to help to bound the gaophageal passage on the right 
side 

The centrai fendmt of the Diaphragm Is a thin but strong aponeurosis of closely 
interwoven fibres situated near the centre of the vault formed by the muscle, but 
somewhat closer to the front than to the back of the thorax, so that the posterior 
muscular fibres are the longer* Tt Is placed immediatiely below the pericardium^ 
with which it is partially blended. It is shaped somewhat like a tnefotl leaf* and 
consists of three divisions or leaflets separaied from one another by slight indenta¬ 
tions. 'Lhe middle leaflet has tbe form of an equilateral triangle, the apex of which 
is directed tou-ards the xiphoid process of the sternum. The right and left leafieta 
• A. IjOW, J. AmL and Phytifd.,. 42, 1907. 
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af« rather tonguc-shaped and curv^e laLeraily and backu'ordsj the left being a little 
narrower than the right. The central area ot the tendon b ocpjpied by four well- 
marked diagonal bands radiating from a thick central point like the bare of a 5 t+ 
Andrew's cns^, and then expanding in a fan-shaped manner \ the central point of 
decussation appears as a thick node of compressed tendinoiiff strands situated in 
front of the ctsophagea) apertuiep and lo the left of the vena caval openingr* 

Opeoinga in the Diaphragm (fig. 577),—The Diaphragm is pierced by aper¬ 
tures for the passage of amjcturcs between the thorax and abdomen. Three large 
openings—the aortic, the cesophageah and the vena cavd—and a number of mall 
ones are ppsent. 

The aortic opening is the lowest and most posterior of the large apertures; it lies 



Fso- 577.—'ITie Diaphraam, Abdcmina^ surface. 
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at the level of the lower border of the twelfth thoridc vertebraj slightly to the left of 
ihe median plane. Strictly speaking, it b an ossco-aponeurodc opening between the 
vertebral column and the Diaphragm, and therefore behind the latter; occaaionaily 
some tendinous fibres from the medial parts of the crura pass behind the aorta, and 
convert the opening into a fibroia ring. The aortic opening tiansioits the aorta and 
the thoracic duct,t 

The mophagaai opening b situated in the muscular part of the Dbphragm at the 
level of the tenth thomcic vertebra t it is elliptical in shape, and is * farmed by the 
splitting of the mediat fibres of the right crus ‘ It placed above, in fronts 

and a little lo the left of ttie aordo opening, and transmits the (esophagus, the vagus 
nerves, and the (esophageal branches of the left gastric artery. 

*rhe cavHil opening, the highest of the three large openings, is situated about 
the lc\ cl of the dbc between the eighth and ninth thoradc vertebra. It b quadri- 

* IX M. iliair, J. Amf., Umt., 57, 1^2. 
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lateral in form, and h placed at the junction of the nght leaflet v,ith tine central area:^ 
so that its margin?^ are tendinotid. It trajismits the inferior vena cava, the wall of 
which ie adherent tu the margin of the opening, and some branches of the right 
phrenic nene. 

There are two &f^rttirfS in each crus; of these one transmits the greater 
and the other the lesser splanchnic nen-e. The gangliated trunks of the sympatlietic 
usually enter tlic abdominal cavitt' behind the Diaphmgmj deep to the medial 
lumlMCOstalarch. f>penings for minute veins arc frequently seen in the centra! tendon. 

Blair (loc^ di.) described one of varying size, but of constant position, and prcseni 
in ten out of twelve specimens he examined. It occurs In the unj^le between the left, 
pflir of bandB as they diverge from the central iroint of decussation, and he suggested:' 
that the vein it tnansmiu may represent die supmhepadc pjirtof the left vitelline vain 

On each aide there are two small where the muscular fibres of the Dia¬ 
phragm are deficient and are replaced by areolar tissue. One between the sterna] 
and costal parts transmits the superior epigastric branch of the inicmal thoracic 
artery' and some lymph vessels from the abdominal wall and convex surface of the 
liver. The other^ between the cosital part and the fibres springing from the lateral 
tumhcKi^tal arch, h less constant; when this interval exisls, the upper and bach 
part of the kidney is separated frofn the pteuni by areolar tisauc only. 

RcJdtiDus.— 'Vhc: upper surface of the Diaphrapn h in relation with three serous 
membranes, viz. on each side with the phui-a which seporatea it from the ba^ of the 
corresponding lung, and on the middle leafier of the central tendon with the peri^ 
cardium, wdiich iniefrvcnes between it and the heartr The central portion lies un a 
slightly fijwer level than the summits of the lateral pcnriians, which are usually termed 
the ttipplmn gfvater pan of the under vurfaor is covered by the peritancuni. 'Fhe 
right side is accurately mouliJed over the convex; surfLiCc of the ri^ht lobe of the liver, 
the ri^ht kidney^ ar^d right suprarenal gland ; the left over the left Jobe nF the Hver^ the 
fundus of the stomach, the spleen, the left kidney, and the left siipnirenEl gland. 

KervMUpply*—I'he Diaphragm is supplied by the phrenic ncnc and the 
Iniver six or seven intercurstal nenea, the latter being distriliutcd to the peripheral 
part of the muscle. 

Actions.—The Diaphragm is the principal muscle of inspiration, and presents 
the farm of a dome concave ti)wards the abdomen. The central part 0/ the dome is 
tendinous, and the pericardium h attached to its tipper surface ; the circumferential 
part IB muscular. Du ri ng inspi ration the lotvcst ribs arc fixed, and from tliesc and the 
crura the muscular fibres contract and draw downwards and forwards the central 
tendon with the attached pcricarditim. In this movement the curYaturc of the 
Diaphragm is scarcely altered, the dome moving downwards nearly parallel to its 
original position and pushing before it the abdominal viscera. The descent of the 
abdominal visoera is permitted by the extensibility of the abdominal w'aJI^ but the 
limit of this is soon reached. The central Tendon^ applied to the abdominal viseerap 
then becomes a fixed point for the action of the Diaphragm^ the cffeci of which is 
to elevate the lower ribs and through them to push forwTir<£ the body of the stcriuim 
and the upper ribs. The right cupola of ihc Diaphragm, lying on the liver, has a 
greater resistance to overcome Than the Icft^ which lies over the stomach, but to 
compensate for this the right crus and the fibres of the right side generoUy are 
stronger than those of the left. 

In all expulsive acts the Diaphragm Is called into action to give additional pow'er 
to each effort. Thus, before sneexingp coughing, laughings ctydng, or vomiting, and 
previous to the expulsion of urine, or heceSp or of the furtus from the uterus, a deep 
inspiration takes place. 

According to iVhiHis the fibres of the right crus exen a sphincteric action on the 
lower end of the cesophagits in man. The act of expiration^ which immediately 
succeeds the act of sw'allowurigp relaxes these fibres and allows the eontenta of the 
iwophagus to pass into the stomach,* 

The height of the Diaphragm is constantly rar^’ing during respiration i it also 
varies with the degree of distension of the stomach and intestines and with the size 
of the liver. After a forced expiration the right cupola is on a level in front with the 
fourth costal cartilage, at tlic side with the fifth^ sixth, and seventh ribs^ and behind 
with the eighth rib ; the left cupola is a little lower than the right. The absolute 
range of movement between deep iuBpiration and deep expiration averages In the 
' J, Whillis, J. x'lFTflf., Mmi.. co^i 
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mile and female 30 mm. on the right side and ^ mm. on the Icfi; in quiet respira¬ 
tion the average movement i& tz-$ rnmn on the right side and iz mm. on the left. 

RiuJsn^^phs show that the height of the Diaphragm in the thnnLs? ^‘arie* consider¬ 
ably with the potfiition of the body. It stands hijshi;::^! when the body is horizonml and 
the patient on Ids back, and in this position it performs the largest respiratory excur- 
SEons w'ith normal breathing. WTien the body w erect the dome of the Diaphragm 
falls, and its respiratory movxmcnla beeonne smaller. The dome faUa sdll lower when 
the sitting posture is assumed, and in this position its respiratory excuTsions are 
smailesn When the body is horizontal and the patient on his side, the Pivo halve* of 
the Diaphragm do not behave alike. The uppermost lialf sinks to a level louver even 
than when the patient sitsi and moves little with respiration; the kswer half rise* 
higher in the tbcntix ihan it does when the patient is supine, and its nespiratory excur¬ 
sion* are much increased. 

It appears thsi the position of the Diaphtagm in the thorax depends ut>on three 
rnain faclois, viz. : (1} the elastic retraction of the lung-tissue, tending to pull it 
upw^ards ; (2) the pressure exerted on its undersurface by the viscera : this naturally 
tends to a negative pressure, or downward suction, when the patient sits or stands, 
and a positive ^ nr upward pTcsaure, when he is lying down \ {3) the intts-abdominal 
tension due to the alxiominal muscles. These muscles are in a state of contraction 
in the standing position hut not in the sitting ; hence the Diaphragm i:S pushed up 
higher in the former pnsItJon. 


TJJE MOVEMENTS OF RESPIRATION 

Two fstclcrs determine the nature of the movements that enable the lungs to 
expand in inspiration and to contract in expinatioa. Firstly, elastic tissue is present 
in the outer wtiSIs of the air-alvcoU and there la a complete absence of muscle tissue 
in the structure of the lung* Secondly, w hen the glottis is open, the inner and outer 
surfaces of the air-sUveoli are exposed to contrasting pressures ; the inner surfaces 
are subjected to atmoaphcric pressure* whereas the outer surfaces arc related to the 
negative pressure in the pleural sac. As a result the active movements of respiration 
depend on alterations in t!ie capacity of the thoracic cavity produced by movements 
of ita walls* 'ITie movinnenis of the ribs modify the anteroposterior and transverse 
diameters of the thorax, while the verticsl mtasuremernia are affected by the ascent 
and descent of the Diaphragm. 

'fhe range and character of the movements of the thoracic parietes exhibit veiy' 
striking individual variations, which may he dependent on the conformation 
of tht thoracic akelcton, do habit or occaalonally on other factors, and this 
extreme variability must be boitve in mind, when the movements are being analysed 
in any particular subject. 

lii quiet iiufiiraitott the first rib remains relatively fixed as a rule and there is little 
alteration in the position of the upper border of the manubrium stemi. The 
succeeding ribs are elevated and everted by the Intercostal and the Levatorcs 
eostarum muscles. As a result of the movements of the second to the seventh ribs 
the transverse diameter of the thorax is increased and at the same time the body of 
the sternum is thrust forwards to a slight extent (p. 477}, increasing the antero- 
posterior diameter. I’hc corresponding movements of the lower ribs result in the 
eleration of the cosul margin and produce a greater effect on the transverse than on 
t he antcTOpostc rior diameter. I n an average case the right cupola of t he D iaph ragm 
descends to the level of the intervertebral disc betueen T. 10 and T, 11 or to the 
miper border of'I', 11, while its left cupola d^cends to the level of the disc between 
T, It and T. ta. 

In quiet «rpr><H«Mi air is expelled owing partly to the elastic recoil of the cheat 
wall and partly to the tonus of the muscles of the abdominal wall, which acting 
through the abdominal viscera, exert an upward pressure on the Diaphragm, * 

In deep iwpiralioTi the movements just described arc increased and additional 
muscles art call<^ into play. The first rib is elevated by the Scaleni, anterior ct 
medtus, and indirectly, through the clavicle and the costoclavicular ligament bv 
the Stcmomastold muscle. This movement is necessarily accompanied by an 
upward and forward movement of the manubrium stemi and a slight accentuation 
nf the sternal angle. The excursions of the succeed ing ri bs are ap preci abl v i ncreased 
and the forward movement of the body of the sternum is correspondingly ereatcr 
Fjevation of the eighth, ninth and tenth ribs (p, 477) leads to a widening of the 
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infr^termaJ angle and an incrtrasc Jn the transverse dijirnetcr cf the lower p^rt of the 
thoracic caAdt}' and the upper part of the abdominal caAity, In addition, the antercK 
posterior diameter of the abdominal cavity' ts diminished in and adjoining the median 
plane but is increased in its lateral part. The effect of these changes Is to provide 
additional space in the abdominal cavity and so to facilLtalc the action of the Dla^ 
phragm. The tAvelftb rib^ however, is fLxed by the Quadrarus lumbomni muscle, so 
that the Diaphragrn is able to txcxt a more powerful downward thrust on the 
abdominal viscera. In addition, the Ercctores spiuar come into action and the con¬ 
cavity of the thoracic pan of ihc vertebral column is diminished^ a movcnicnt 
which results in a slight increase in tEic width of the intercostal spaces and allows 
the ribs a greater range of movemeni. As the result of all these factors the cavity 
of the thorax is enlarged in all its diameters. 

In /or£td iriiptrathfi the scapula are elevated and fixed by the Trapezius, 
Levator Scapuln; and Rhomboid muscles so that the Scrralus anterior and Pcctoralis 
minor muscles are able to act on the ribs from which they take origin. The action 
of the Ercclorts spina; is appreciably augmented. This type of inspiration is called 
forth when there is any obstruction to air-intake and every available muscle is then 
brought into action. TEie right cupola of the Diaphragm descends to the level of 
T. 11 ; while tfcie left cupola may reach the level of the body of T. although it 
fre<|uently fails to descend beyond the disc between T ti and T. 12, 

In dtrp and in foued additional expulsive factors are provided by the 

strong contraction of the muscles of the abdominal wall and by the Lattssimus dorst 
muscles, w^hich contract suddenly and energetically with such efforts as coughing 
and sneexing. 

It may be noted that individualB may be trained to use the Diaphragm indepen¬ 
dently of or in association with the other muscles of inspiration. In these cases the 
Diaphragm usually descends to a lower level when used independently, despite the 
fact dial when all the muscles of inspiration are brought into action the volume of eir- 
intake is increased by as much as 40 per cenin, or even more. 

Appfud —The changes in the height of the Diaphragm during alterations 

in posture explain why patients suffering from severe dyspna-si are most comfortable 
snd least short of breath when they sit up. In unilateral disease of the pleura or lungs 
inicrfc fence wtch the position or movement of die Diaphragm can generally be obiierved 
on X-ray examination. Middleton,* by estimating the vital capacit>^ in cases where 
the Bclion of the Diaphragm was impaireii by rhoracJC wounds nr empyema, concluded 
that the normal diaphragmatic contraction is responsible for 60 per cent, of the 
respiratory exchange in deep breathing. 

IV. TirE Muscles of the Abdomen 

The muscles of the abdomen may be divided into antcfokicnil and posterior 
groups. 

I. Tiie AsrtmouTEftAL Mliscles 

Obliquus crxtcmus. Trans versus. 

Obliquus intemus. Rectus. 

Pj'ramidalis* 

The superficial fascia of the abdomen consists, over the greater part of the 
abdominal wall, of a single layer containing a variable amount of fat; but near the 
groin the fascia is easily diristble into two layers, benvecn which are found the 
superficial vessels, ncrA'cs, and inguinal lymph glands. 

The superficial layer of the fasda Is thick, areolar in texture, and contains in its 
meshes a ATlrying quantity of fai. Below, it passes over the Inguinal ligament, and 
is continuous Avith the superftcinl fascia of the thigh. In tho male this layer is 
continued over the penis and outer surface of the spermatic cord to the scrotum. 
As it passes to the scrotum it changes its characteristics, becoming thin, destitute of 
adipose tissue, and of a pale reddish colour; in the scrotum It acquires some 
involuntary^ muscular fibres and forms the dartas muscle. From the scrotum it may 
be traced backwards into continuity Avith the auperiicial fascia of the perineum. 
In the female it is continued from the abdomen into the labia majora. 

The deep layer of ihe fascia, thinner and more membranous than the superficial 
layer, contains a considerable quantity of elastic fibres. It Is loosely connected by 
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areolar tissue m the aponeuiro$i& of the External oblique muscle^ but in the median 
plane it is moTe intimately adherent to the linea ^ba and to the symphyaia pubis, and 
IS prolonged on to the doreum of die penis, forming xhcjmdiform hgament (fig, 5flo) i 
above, it h continuous with the snpcrlidal fascia over the rest of the trunk i below 
and laterally» it blends with the fascia lata of the thigh a little below and paralld 
with the inguinal ligament (fig. 579) ; below and mediallyp it is continued over the 
penis and spermatic cord to the semtum, and from there may be traced backwards 
into continuity with the membranous layer of the superficial fasda of the perineum 
(p. 607), In the female it is continued into the labia majota and thence to the fascia 
of the perineum. 

The Obfiquus extemus nbdommift (fig. 578)^ situated on the lateniL and 
Fig. 57S.—The left ObUquw cxtcTnui nbdomitiii. 
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anterior parts of the altdomen, is the laijgest and the moat supeihcial of the three 
flat muiclcs in this ri^ion. It axisea, by eight iieahy slips, from the external snr&ces 
ami inferior borders of the lower eight riba ; these slips mterdigitntc witli the 
of origin of the Serratus anterior and Larissi mua dorsi, and arc orran^ in an obliq^ 
line which runs downwards and backwards, tlie upper ones being attached close to the 
cartilages of Ac corresponding ribs, the lowest to the ape* of the cartilage of the 
last rib, Ac middle ones to Ae ribs at sonte distance fmm their cartilages. Ftom Aetc 
attachments Ac llcshy fibres diveige as they pass to their inserfi^, 'Hiose from 
Ae lower twn ribs pass nearly vertically downwards, and ate inserted into At anterior 
half or more of the outer lip of the ventral s^ment of tlw iliac crest (p. 307) • the 
middle and upper fibres, directed downwar^ and fonvards, end in an amneurosis 
opposite a tine drawn wrtically from the ninth costal cartilage tc a little below the 
level of Ae umbilicua, and then inclining btemlly to the anterior superior iliac snine 
Nont of the Jits^ fibret of tke musefe exUnd dmamardt hiyimd a fine draant from 
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iJie antmor suptri^tr i/i'ar spine ta the umbilkus. The pos^crmr border of the 
mgsek is free (fig* 594)+ 

'Fhc apfinewrosts of tlw External oblique mtisclc h a thin but strung membranous 
^tructure^ the fibres of which are dirccicd downwarda and medially. In the mediau 
plane its fibres end in the Ititea alba {fig, 578), a tendinous raphe which sirciches 
from the xiphoid process to the symphysis pubis. There it is continuous with the 
aponeurosis of the corresponding muaclc of the opposite side and the two together 
cover the front of the abdomen. Above and laterally, It is covered by, and gives 
origin to, the lower fibres of the Pectoral is imijor; below, its fibrea are closely 
aggregated together* and extend obliquely across from die anterior superior iliac 
spine irj the puhic tubercle and ihc pecten pubis. 

The margin of that portion of the aponeurosis which extends between the 
anterior supetior iliac spine and the pubic tubercle is s thick band^ folded back¬ 
wards upon itself to present a grooved upper surface^ and cDutintious below with the 
fiisda Uta of the thigh ; it ia cSled ihe in^inni iigGment, A small portion is reflected 
frofn the medial part of the inguinal ligament, and is attached to the pecien pubis ; 
it is called the iaciifniT figammi. From the attachment of the bttcr a few fibres 
pass upw'ards and medially behind the superior crus of the supcrtkml inguinal ring 
to the llnea aiha ; they diverge as they ascend, and fonn a thin triangular fibmus 
band, which is called the rejected pari of ihe jwguiW ^igumrni {fig- 585). 

The complete insertiun of the muscle can now be summand. The highest 
fibres arc inserted in to the xi phoid p rocess ; the succeed ing fi hres into ilie I inca alba, 
the upper border of ihc pubic symphysis and the adjoining part of the pubic crest, 
the pubic lubcrdc and the adjuining part of the peclcn pobis ; and the lowest fibres 
into the unieriiJT superior iliac spine and the anterior two-ihtrds of the outer lip of 
the ventral segment of ihe iliac crest. 

Nerv<>supplyi—^'I'he Exiemal oblique musele is supplied by the ventral rnmi 
of the lower six thonidc nerves. 

Certain parts of the aponeurosis of the External oblique muacle require more 
detailed consideratiou. 

The superficial inguirul ring (figs. 579, 580) h an inlen al in the aponeurosis, 
just abtw^c and lateral to the crest of the pubis. The aperture is somewhat triangular 
in form, and its long axis is oblique, correspond itig witli the course of the fibres of 
the aponcuTosis-. It measures from base lo apex about 2'5 emn, and aert^ the bst&e 
about t'25 cm. Its base is formed by the crest of the pubis, and its aides by tite 
margins of the opening m tlie aponeurosis, which are called the crura of the rit^ i 
above, the crura are connected by a series of curved tntercrura! fibres. The lateral 
crus of the ring is the stronger^ ani is formed by that puirtion of the inguinal ligament 
w h ich is Inserted into the pubic tubercle ; it is curved so as to form a kind of groove, 
upon which, in the male, the spermatid curd rests. The medial crus is a thin^ flat 
band, the fibres of w^hich are attached to the from of the symphysis pubis, and inter¬ 
lace with the fibres of the opposite medial cnis. 

I'he superficial inguirud ring gives pateage to the spermatic cord and llio- 
inguitial nerve in the male„ and to the round ligament of the uterus and the ilio¬ 
inguinal nerve in the female; it is much larger in men than in women, on account 
of the size of the spermatic cord. If the skin of the scrotum is in vagina ted in an 
upward and lateral direction the spermatic cord can be followed up to the superficial 
inguinal ring. If the txaminuig finger is then directed baeki^ardSf the crura of the 
ring can bo recognised and the size of the ring determined, 

'rhe InterGriiruL fibres are cun cd, tendinous fibres which arch across the lower 
part of the aponeurosis of the External oblique muscle* describing curves with the 
Convexities downwards. They have received their name from the fact that they 
stretch across between the two crura of the superficial inguinal ring* Vyhen well 
developed they can be traced upwards and mcdiully from ilie middle third of the 
inguinal ligament, the lower fibres crossing the apex of the superficial Inguinal ring. 
Tlie intercrural fibres increase iJic strength of the lower pan of the aponeurosis, :uid 
tend to prevent the divergence of the crura from each other; they are more strongly 
developed In the male than in the female. As they pass across the superficial 
Inguinal ring they arc connected tugethtr by delicate fibrous tissue, forming what is 
called the cxtcritaL spermatic fascia- This fascia is continued down as a tubular 
prolongation around the spermatic cord and testh, and forms the outermost of the 
coverings w^hich enclose them. The superficial iiiguinal ring is seen as a distinct 
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yjerturc only after the continuity bet^veen thia fascio and the aponeurD^is of the 
Internal oblique muscle has been se^Tred. 

The ioguicul ligament 580^ 5Si) U the lower border of the aponeurosis 
of the External obUque muscle^ and atretches from the anlcrior superior Uiac spine 
to the pubic tubercle^ Ita genera] direction ie convex downwards towards the thighs 
and it m continuous with the fascia lata. Its Lateral one-half is roundedp and oblique 
in direction; its medial one-half gradually widens at its attachment to the pubiSp is 
more horizontal in directiodp and supp>m the spermatic cord, 

'llic lacunar ligament (pectineal part of the ingtiinaf Ligament) (fig. 581) Is 
that portion of the aponeurt^sis of the ExtemaJ oblique muscle which passes hack- 

iuperficiiif diftitcrion of the grom ami the lower part of ihe anterior 
Abdominal waII. Right aide. 
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wurds and laterally from the medial part of the inguLmd liganrent^ and is attached to 
the tntdbJ end of the peacn pubis. It is of a fmnguUr form, ond la alimBi bori- 
iontal in plant when the body is in the erwt postureU is a little larger in the male 
than in. the female, and measures about a cm. from base to apcjt. Its base dirtrctcd 
laterally, is concave and thin, and fnrttii the medial boundary of the femoral tine • 
iU apex corresponds lo the pubic tuberdc. Its posu-rinr mar^n U attached m the 
pccten pubis. and is contin uona with the pectineal fascia; its anterior marmii is eon - 
tinuous with the insuinal ligament. Its surfaces are directed upwards and dmvnwards 
The reflected p«I of the inguinal ligament ffigs, 580, 585) is formed hv an 
expansion from the lacunar Liganurnt and the lateial crus of the superficial inindnai 
ring. It posses medially behind the spermatic cord, expands into a trianHular band 
behind the medial crus of the superficial inguinal ring and in fmnt of the conioint 
tendon; its fibres intcriaer with these of the opposite ligament at the linca alha 
J'he pectmeat tigamnit {/igament of niis is a strong fibrona hand firet 

described by Sir Ailley Cooper. It extends btcmlly from the base of tlic lacunar 
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ligament (fig, 581) alon^? pcctcn pubis to uhieh it is iitt^chedi It is strengthened 
by tile pectineal fascia, and by a lateral ejcpansicin frrim the lower attachment of the 
linca alha (adminieiJurn UnM (p, 599). 

The Obliqtttis [memus abdominis (fig. 5S2), which lies under cover of the 
External oblique^ ts a thinner and less bulky muscle. It arises, by fleshy fibres^ 
from the bicml iw^o-lhirds of the grooved upper surface of the inguinal ligament^ 
from the anterior twi^thirds of the intermediate line of the ventral segment of the 
iliac crestp and from the thoracolumbar fascia {%, 571 )h ITic posterior fibres ascend 
almost vertically, and are inserted into the inferior ht^rdens of thes lower three ribs, 
and are there continuoua iviili the Internal intercostaU. The fibres arising from the 


Fjg. 580.—<A siiperhcial dU«etion of the aroin and the lower p9it of the antcfior 
obdatninaL wsIL Left a-tde. 
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inguinal ligament, paler in colour than the others, arch downworda and medially 
across the spermatic cord in the male and the round fipmerit of the uterus in the 
female. Becoming tendinous they are inserted, conjointly with the corresponding 
pan of the aponeurosis of the Trajia vcisus abdomintSp into the crat of the pubb and 
the medial pan of the pecten pubis, foimiug what is known as the ct^njoini tendm. 
TTic rest of the fibres of the Ifiicmal oblique musck dive^ and end in an apo¬ 
neurosis which gradually broadens from below upwards. The greater part of this 
aponeurosis splits at the lateral border of the Rectus abdominis into tm lamelis! 
which ensheathe this muscle» and reunile at the linea albau The anterior Layer of 
this sheath blends with the aponeurosis of the External obiiaue miisclc; the 
postenor layer fuses with the aponcunisis of the Ttamversus afjdDinjiiis, and its 
upper part is attached to the cartilages of the seventhp eighth and ninth ribs* 

Nerv«-supply.—The Internal oblique muscle is supplied by the ventral rami 
of the lower bLx thoracic and the first lumbar nerves. 

The Cremaster (fig. 584) b s thin muscular layer composed of a number of 
fasciculi which arise from the middle of the inguinal ligament, where its fibres are 
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caniinuDus with those of the Internal oblique and also occ^Sondly wi th the Ttans- 
VCC3US. It passes along the bteral side of the spermatk cord, and descends with it 
through the Buperheia] ingain.^ ring upon the anterior and lateral surfaces of the 
cord, w here it forme a series of loops of varying thickness and length. Short 
above, the loops become successively longer, the longest reaching as far as the 
tunica vaginalis, into which a few are inserted. These loops arc united together 
by areolar tissue, imd form a thin covding over the cord and testis, nant^ the 
rrernasfmc fascia. ITie fibres ascend along the medial and posterior surfaces of 
the cord, and ate inserted by a small pointed tendon into the tubercle and crest 
of the pubis and into the front of the sheath of the Rectus abdominis. 

Nerve-supply,—The Cremaater is supplied by the genital branch of the gcnlto- 
feniDral ncr\-e (L* i and a). 
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Action-—The Cremaster pulls up the testis towards the superficid inguinal ruiB. 
Although its fibres are transventtly striated, it is not usually under voluntary cfttitrol! 
Stroking of the medial side of the thigh evokes a refle* conlraciioii of the muscle 
and this (caremastieric) refle* is much more active in the child than in the adult. 

The Tiransversus abdominis {fig, 583), so called from the dirt.«ctian of its fibres 
is the inncmiMt of the flat muscles of the abdominal wall, being situated deep to the 
Internal oblique. It arises by fleshy fibrts from the lateral one-third of the inguinal 
Ugament, from the anterior two-thirds of the inner lip of the ventral segment of the 
iliac crest, from the iboracolumbar fascia its it extends hetween the iliae crest and 
the twelfth rib, and from the inner surfaces of the cartilages of ihe lower six ribs 
interdigitating with the Illaphragm (fig, 375). 'llic muscle ends in an aponeurosis' 
the lower fibres of which curve downwards and medially, and are inserted tew 
gether w'ith those of the aponeurosis of the Internal ohliijuo muscle into' the 
crest and pccten of the pubis, fomiing the conjoint tendon. The rest o'f the apo¬ 
neurosis passes horiiontfllly to the median plane, and is inserted into tile linea alb^ 
its upper three-fourths lie behind the Rectus a^ominis and blend, with the posterior 
lamella of the aponeurosis of the Internal obUque muscle; its lower one-fourth is 
in front of flic Rectus. 'Hie upper muscular fibres of the 'I’ranaversus abdominis 
arc continued medially behind the Rectus (fig. 583) md the posterior lamella of 
the aponeurosis of the Inte-msI oblique. Near the xiphoid process th^ reach to 
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within 3 or 3 cm, of the Iinet tlba. The miiscult r fibres of the TrangvcrBiJs run into 
the aponeurosis dong a line which is concave mcdmlly (fig. 583)* the aponeurosis 
being li'idcat opposite the origm of the muscle from the thoracolumbar ^scia. 

The coiijaiHt ifndo» {/tilt iti^umahs) of the Internal oblique and Transversus (fig. 
585, 586) is mainly formed by the lower part of the aponemfoais of the ^I'ransversua* 

FlC^ 5Sa.=DisiKtkjii of ibE musdes of tht tide of the trunk, llie External oblique 
muKie haA been rcitro'^ to show the Internal obliqua^ bm itx dinitBiion* 
from the riba have been pnrtcrved. Tht aheseb of the Kectw has been opened 
end its anterior u'all removed, fFrom Quain^a .i^neitomj-, X1. Edit IovIh) 
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and is inscrtc<I into the cn^tand pecten of the pub is ; k descends behind the superficial 
inguinal ring, thus sen ing 10 protect from l^bind what would oihcnvisc be a weak 
point in the abdonund wall. The attachment to the pecien pubis is frequently 
absent. Mcdidlly the cunjoint tendon U directly continuous with the anterior wall 
of the sheath of ihc RectuB ahdununis, laterally, the conjoint tendon may be con¬ 
tinuous WMth an tiR'onstani lipmemouB band, named the mier/imfotiir 
which somciimes connects the lower margin of the 'I'ninsversus to the superior 
ramus of the pubis; it nccashriHlly conlsins a few muscutar fibre*. 








59* MYOLOGY 

Nerve-supply.— rhff Tran^vcrsus abdoniini& is supplied by die veniral mrni 
of ihc lower six thorjciL- und the first lumbar nerves. 

The Rectus abdoEninis (fig. 587) k s bug fiat mufickp broader ^bovt than below, 
which extends along the whole length of the front of the abdomePT and is separated 
from its fellow of the opposite side by the linca alba^ It arises by tendons 
the lateral and larger is attached to the crest of the pubis; the m-edial interlaces 
wth its fellow of the opposite side and is connected with the tigamentoos fibres 
c»vering the front of the sj^mphysis pubis. The muscle is inserted by three slips 
of unequal size into the cartilaj;^ of the fifth, sixth, and seventh ribs; the most 

FlC. s8j. — The If ft Tranavcr^ia abdofoinil^ 
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latent fibres sue usually Inserted into the anterior cxtreinity of the fifth rib ■ the 
most medial are occasionally connected with the cosioxiphoid ligaments and the side 
of the xipbold process. 

The rcctufl ts intersected by three fibrous bands, named tmi/tnoui ^ 

one is usually situated opposite the umbilicus, another oppostic the free end of the 
xiphoid process, and a third about midway between the xiphoid process and the 
umbilieufi. These inicracctiuns pass crana\ crscly or obliquely aemas the itiusde in a 
zigzag course ; they rarely extend completely dirough ife substance and may pass 
only halfway across it: tiuy m imtimalely iidhtmti to iht ^^mna of t/te 

skfath of th€ mtade^ Sometime* one or two incomplete Intersections arc prmnt 
bclow^ the umbilicus. All these Interseelions reprt^nt interBCgmental tissue and 
are evidence of the segmental origin of the musde. 
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TTic Rectus abdominis is enclosed in a sheaih (figs. 57^, 533, 588) formed hj 
the aponeuroses of thi: ObliquJ and Transi'crsus, i.¥hich are arranged as follows; 
at the lateral margin of the Rectus, the aponciLrasis of the Interna! oblique divides 
into two lamellar one of which passes in front of die Rectus, blending wiih the 
aponeurosi(3 of the External oblique, the other, behind it, blending with the apo¬ 
neurosis of the 'rransveisust and these, joining again at the medial border of the 
Rectus, rcadi the ILnca alba. This arrangement of the aponeuroses exists ftxttn the 
costal margin to midway bctivecn the umbilicus and symphysis pubiSp where the 


F10. s 34.—A disocxtioii ef ihr regions flhown in fi|t. S7^i hut with a put of ihc 
Ohliqurua extemus rmiavcd. 
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posterior wall of the sheath ends in a curved margin, named the araidit lw£ ffig. 
5S7), the concavity of which h directed downwards. As already stated (p. 594) the 
muscular fibres of the upper part of the Transvcrsus abdominis are continued 
behind the corresponding part of the Rectus abdominis to within z or 3 cm* of the 
tinea alba (figs. 583, 588). Below the level of the jircuate line the aponeuroses of 
all three muscles pass in front of the Rectus; iJiose of the I’ransversus and [ntemaJ 
oblique are Intifnatcly fused together, but the aponeurosis of the External oblique 
is bound to them merely by loose connective tissue except in and near the median 
plane ; behind, this part of the Rectus is separated from tiie peritoneum by the 
tnuiaversalis fascia (fig. 589). Sinoe the aponeuroses of the Internal oblique and 
Transvcrsus only teach as high as the costal margin it follows that above that level 
the sheath of the Rectos is deficient posteriorly, the muscle resting directly on the 
cartilages of the ribs ; the front of ihb part of the Rectus is covered merely by the 
aponeurosis of the External oblique muscle. 

The medial border of the muscle is closely related to the linea alba : its lateral 
border is marked on the surface of the anterior abdominal wall by a curved gnoovet 
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termccJ the iirtfa ttmiluttoriSu which extends from the tip of the ninth costal cartilage 
to the pubic tubercle^ Jt is readily seen in a muscular subject even when tlie imiscle 
is noi actively contracting. 

Kcrvc^upply. The Rectus ubdoniiiiis is supplied by the ventral rami of the 
lower six or seven thoracic nerves. 

^'he Pyramidalis (lig. 587) is a triangular muscle^ placed at the lower part of 
the abdometL, in front of the Rectus abdominis and w ithin the sheath of that muscle- 
It oris^ by tendinous bbtes from the front of the pubis and from the ligamenioijs 

Fig. diiiection of ihc rr^tons ihowti in jl^o, but with |>orlkkni of the 
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fibres in front uf the aymphyais; tlic Btahy portion of the inusclc posses upwards, 
diminishing in sizf as it ascends^ arid ends in a pointed extremity which Is insericd 
into the linea alba midway between the umbUicus and pubis^ but may extend to a 
higher level. This muscle may be larger on one side than on the other^ or may be 
wanting on one or both sides. 

Besides the Rectus and Pyramidalis, the sheath of the Rectus oontains die superior 
and inferior epigastric vessels^ and the terminal portions of the lower iiitcrcostai 
nerves- 

Nerve-supply,—I'hc Pytamidalis is supplied by the subii^tal nene (T. la). 

Actions. I he anicrulatcral group of abdomiiuJ muscles provide u firm but 
elastic wall to retain the abdominal yisccra in posltloi) and to oppose the action of 
gravity nn ihem in the erect and mining prntnrea, Tliis function is principally 
dei^ndcnt on the normal tonus of the oblique muscles, especially the Internal 
oblique. 

When the thorax and pelvis arc fixed, the active cotitrwction of these muscles 
cxerdscs a compressing force on the abdominal dsccra. In this ivuy th^ play an 
important part in expiration, and they assist in expelling facets from the rectum* the 
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ffctm from the uteru^p the urine limRi the bladder dniLi the ca-ncents cif the stomach in 
vomiting. This action h mdinly dtic id ihe nblii^iic tnitSE^Ie^. l^hcy tense the rectus 
sheath v^ hilst the Rectus abdominis itself plays a minor r6le. I f the pelvis and verte¬ 
bral column are hxed, the external ejbliqne muselcs aid further in expiration by 
deptcisiiing and compressing the lower part of the thorax. 

When the pelvis is fixedp the Recti and to a lesser extent the Oblii^tii of the two 
sides> acting ti.’igethc^ bend the trunk fon^Tirds und flex the Lumbar part of the 
vertebral ctdimin ; when the thorax is fixedp they draw^ the front of the pcLvts up¬ 
wards and have the same cfTcet as before on the vertebral column.'" If the muscled 
of only one side act, the trunk is bent towards tlmt aide. In adilitinnp the External 
oblique muscle tends to turn the front of the abdomeit towards the opposite side, 
and the Internal oblique turns it to the sanic side. 

The Transversus acts only on the abdominal contents and Ims no appreciable 
effect on the vertebral column. 
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Ftc, 586,—'I Tic lower part of ihc anterior abdoniinjil W'all shdWirXp the rvEationa of 
ihi: ipcimatsc eord at th« deep inuuipul rinic^ MiHlihcd from Bniune, 
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The Pyramidiilis ift a tensor of the linca alba, but the advantage of, or the 
necessity for, this action is by no means clear. 

The linea alba (figs. 57^, 588) is a lentlincuis raphe atmehing bcmccn the 
xiphoid process and the svmphjuis pubis. It is placed between the medial borders 
of the Rccii, and is formed by the intertaccmcnt of the fibres of the aponeuroses of 
the Obli qui a nd Transversi, It is nuroo’ bclotv, cortcsponditig to the linear interval 
existing Ijetwecfi the Recti i but broader above, where Uiese muscles diverge from 
each other. In iw infra-umbilicaJ portion, it is viaihte in life only in young, 
miTriil a r stibjccts. but its supfa-umbilical portion can usually be recognised as a 
shallow- groove. Its lower end has a double attachment—ItsaupcTficial fibres passing 
in front of the medial heads of ihe Recti to the front of the symph^is pubis, while 
its deeper fibres form a triangular liuncUa, attadicd behind the Recti to the posterior 
surface of the crest of the pubis, and named the admMcuium linear aiba. The linea 
alba presents apertures for the passage of a few minute vessels ; in the ftttos the 
umbilicus transmits the umbilical vessels, but it is closed a few days after birth. 

I’hc imnsvenialis fascia ta a thin membrane which lies between the inner 
surface of the Transversus muscle and the cxiraperitoneal fat. k forms part of the 
genem) layer of fascia lining the abdominal parietes. and is continuous with the iliac 
and pelvic fascice. In the inguinal region it is thick and dense in structure, and is 
joined by fibres from the aponeurosis of the Tranaversus, but it becomes thin as it 
ascends to the Oiaphragm. and blends with the fascia covering the under surface of 
this muscle. Rehind, it is lost on the surface of the thoracolumbar fascia, with 
• W, V. Floyd and P. H. *S‘ Silver, J. Aitat., 8a> lOS®- 
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which it hlirnds. Bclnvi\ it the following atinchmcnts : posteriorly^ to the whole 
length of the iliac crestp between the angina of the ind flijjcuis ; be¬ 

tween die anterior superior liiac spine and the femoral vessels it is ootmected to the 
posterior margin of the inguinal ligament, and is there eontinuous with the iliac 
fascia. Medial to the femomL vessels it is thio atid is hKcd to the pecten pubi^p 
behind the conjoint tendon^ with which it is united; it descends in fiont of the 

FlO. Tiue Ojthi Rector alMioniinis and tlic Left FyntmidaLu. The greater 

part qf thf |c|t Rectiu abdominij haa been rmicved In iKqw the superior and 
tnfcHur epiica^tric veueb. 
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femoral vessels to form the anterior wall of the femaial shcstlu In front of the 
femoral veaseb the transversali# fascia is stren^cned by tmnsvcrscly archetl fibica 
which fipreatl out laiemlly towards the anterior auperior iliac spine and ntediallv 
splay out behind the recttu ahdhmtnia muscle, while some descend to the perica 
pubis behind the conjoint tendon. Tliesc arched fibres constitute the dceb mtral 
uTfk (Jig- 586). The spermatic cord in the male, and the nntnd ligament of the 
uterus in the female, pass through the tranavenalis fascia at a »pot calJcd the Jt t b 
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irtgutmi rw^. Tilts opening b; not visible externally since tbc transversalis fascia is 
prolonged on these structures as ihe intfrnat sp^rmafif fascia. The archtrd fibres 
of the deep crural arch thicken the meilia] and inferior boundan' of the deep 
inguinal ring flig. 586). 

The deep inguinal ring Is situated m the transversalis fascia, midway between 
the aiLtcrior BUperior lilac spine and the symphj'sis pubis^ and i'a5 cm^ above the 
inguinal ligament. It is of an oval formT tlie long axis of the oval being vertical; 
it varies in siase in different subjects, und is much larger Ln the male than in the 
female. It is rekted above to the arched lower margin of the Transveraus 


Fio- —A twtai'erie KCtioti ihroi^h the antc-ncfr atKlomiiiiil wall immediatcEr 

above thic umbiliciu. Dia^nmmBtic. 



abdominist and medially to the inferior epigastric vessck and the intcrfovcolar liga- 
ment^ when that structure is presenL It transmits the spermatic cord in the male 
and the round ligament of the uterus in the female. From its circunifctcncc a thin 
fuimebshaped membrane^ named the internal tperma^ie: fascia, is continued as a 
covering on the spermatic cord and testis. 

Tbc inguinal canal contains the spermatic icord and the Uio-inguinaJ nerve in 
the malc^ and the round ligament of the uterus and the lUo-inguinal nerve in the 
female. It is an oblique canal about 4 cm. long, slanting dowmwards and medially^ 
and placed parallel w'itb^ and a little obovcp the inguinal ligament; it extends from the 
deep Lngui^ ring to the superficial ingumal ring. It is funded infrmt throughout 
its whole length by the sidn, the superiicial fasria, and the aponeurosis of the 


Flo* 58 y.—A tranivem section thfouth ihc of ibc anttrior abdoniinal wall 

below the arcuatt lint. DiigrtiTmniitic 



External oblique, and in its lateral one-third by the fleshy fibres of origin of the 
Internal oblique muscle; behinJ^ by the rcfleeted part of the inguinal ligamcni^ the 
conjoint tendon, and the transver^is fascia^ which separate It from the extra- 
peritoneal connective tissue and the peritoneum ; by the arched fibres of the 

Internal oblique and Transversufl abdommia muscles; Aefou?, by the union of the 
transversaiis fascia with the inguinal ligament^ and at its medliil end by the lacunar 
ligaments 

The presence of the canal weakens the lower part of die anterior abdominsLl 
walh but the weakness thus praduced k eompensated for, partly by the obliquity 
of the canal and partly by the arrangement of the conatituent parts of its walls. 
Owing to the obfique direction of canal the two inguinfi] rings do not lie 
opposite to one another, and increases in the intra-abdominal pressure exercise 
their effect dot only at the deep inguinal ring but aUo on the posterior w^ll of the 
canal so as to approximate it to the anterior wall The posterior wall of the etmaL 
is strengthened by the conjoint tendon and the reflected part of the inguinal ligament 
precisety opposite to the superfidal inguinal ring, and the fleshy fibres of the 
Internal oblique muscle lake part in the formation of the anterior wall, where It lies 
opposite to tbc deep Inguinal ring. 

The extr^peritone^ tissue,—Between the peritoneum and the inner surface 
of the gencml layer of the fascia Avhich lines the interior of the abdominal and pelvic 
cavities, there is a considerable amount of fibro-areolar tissue^ termed the esira- 
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periimifal It varita in i|uantil)' in diffcrcnE eituationa. It is especially 

abundant an the poatcrlar wall of llie abdomen, and particularly amund the kidneys, 
where it contains much fat. It is scanty on the anTcrnlaieral veall of the abdomen, 
except in the pubic region and ubovc the Iliac crest ; iJiere la a considerable amouJit 
in the pelvis. 


s. Tiif- PosTiyilcjR Ml'scles of tiie Abdomen 

Psoas major. [liacus. 

Psoas inino r. Quad rat ua lumbonmL 

The Psoas naajor, the Psoas minors and the DiacuSp v^ith tlic faseix covering 
thenti are describe with the muscles of tht lower liinb {pp. 652 to 6y4)K 

The fascia covermjf ibe Quadratus iuoabomm is the anterior layer of the 
thoramluinbar fascia (p, 575). [t is attached, nicdially, lu the anterior surfaces of 
the transverse proccs;^® or the lumbar vertehne ; below, to the iliolumbar ligament; 
above, to the apcji and tower border of the tasl rib. The upper mat|;in of tins fascia, 
w [iich c A tends froni the transverse process of the first lumbar venebra to the apex 
and lower txjfder of the la^t rib, const it utes the lateral lumbfiemtal arch (p. 5S5). 
laterally, the fascia blends with the fused posterior and middle layera of the 
thoracolumbar fasej;^ 57 tj* 

The Quadratijs itimborum (figs. 572^ 577) is irregularly quadritateral inshape^ 
and broader below than above. It arises by aponeurotic fibres from the iliolumbar 
ligament and the adjacent portion of die lUae crest for about 5 cin.p and is inserted 
into the medial one-half of the lower border of the last ribi and by four snxall tendons 
into the apices of the transverse processes of the upper four lumbar vertebne* 
OccaaionaJly a second portion of this muscle U found in front of the preceding x it 
arises from the upper borders of the transverse processes of the lower three or four 
lumbar vertebra* and is Inserted into the low'er margin and tise lower part of the 
anterior Surface of the last rib. 

In from of the Quadratus Jumbonim are the colonp the kidney, the Psoas major 
et mmor^ and the Diaphragm ; the subcostah iliohypogastric, and ilio-lnguinaj 
nerves lie in front of the fascia which covers the muscle bui arc bound dowm to it 
by the continuation medially of the transversalis fascia. 

Nerve-supply.- Ilic Quadratus lunihiiruni is supplied by ihc ventral rami of 
the tivclfth thoracic and upper three or four lumbar nerves. 

Actions.—The Quadratus lumborum fixes the last rib, and acts as a muscle of 
inspiration by helping to steady the origin of the Diaphragm. If the pelvis is fixed* 
it may act upon the vertebral colttmn^ flexing it to the same side; and when both 
muscles act together they help to extend the lumbar part of the vertebral column. 

TitE IVIijScjjlS of the Pelvis 

Obturator intemus. Levator ani. 

Piriformis. Coccygeus. 

The muscles within the pelvis may be di^ ided into two groups: (1J the Piriformis 
and the Obturator intemus, whic h are described with the musdea of the lower limb 
(pp. 665^ 6f>S) : (a) the Levator ani and the Coc^^geus, which, witJi the correspond- 
ing musdes of the opposite side, form the p^hk dkphragm. ^I'hc dassification of 
the two groups under a common heading is convenient in connexion with the fasciiE 
investing the miiadcs. These fascL^ are doseiy related to one another and to the 
deep fascia of the perineum^ and tn addition are connected with the fascial coverings 
of the pelvic viscera ; it is customary therefore to describe them together under the 
temi pettTk fmem* 

Pelvic fascia.— llie fascia of the pelvis may l>e resolved into: (a) the fascial 
sheaths of the pelvic muscles, the p^kte fiisa'a \ (fl) the fascial sheaths of the 

pelvic viscera, the viscfruf p^hk Jascia section cm Splanchnology). 

I’he parietal pelvic fascia coveritig the pclvii; surface of the Obturaior inlernus 
is well diffcrentiaicd and is tcrmccl tht (fhtaFiitor fmda. Alunc* it is connected to 
the posterior part of the arcuate line of iht hip fenc, and is tfiere continuous with 
the iliac fascia. In front of this, as it follow's the lint of origin of the obturator inter- 
□us, ii gradually Separates fmm the iliac fasda, and the continuity between the two is 
retained only through the periosteum. It arches below the obturator vissels and 
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complctin^^ the olitufatiif canal, and at ihc front of the pelvis is attached to the 
back ijf ihc hcKiv of the pubis. Above the tendinous arch of the pelvic fa^ia (belou J 
the obtunsiut fascia is loagti and aponeurotic ; below ihsit levek where it fomiB the 
lateral wall of the ischiorectal fossa, it is ihifi and membnmous. i n the latter situa¬ 
tion. it \s intimately rclaicti lo the fascial sheaih of the internal pudendal vessels. 
Behind, it Is indirectly eontinuotia with the faBcia of the Piriformis, j - 1 

The internal pudendal vessels and their accompanying nerv s arc placed m the 
btemi wait of the ischiorectal fossa, and are enclosed in a special siieath of fascia 
named the pud^da^ canoi. I’his sheath covers the lower part of the obturator 
fascia, extending upwanls to blend witli the inferior fascia of the pelvic diaphragm 
and doin-tiwards Kti l>Morric conttniious with tht: falcifnrm pnicess tht sacrti- 
mbtruus li^ment (p. 507). It is sometimes temjed the {uiuilf/tiseiu. In front it 
putssc^ deep to the perineal membrane, blending with its lateral tnargin nt iisaltach- 
inenl to the inner surface of the inferior ramus of the pubis, 

Thc/orcid ofih^Pmformh is vety thin and is attached to the front of ihc sacrum 
around the margins of the antcirior sacral foramina- At its sacral attachment jt 
mmes into intimate assjociation with and cxtshcathes the nerves emerging from these 
foramina; henee the saend nerves are frequently described as lying behind the fascia. 
The internal iliac %^esseis and their branches^ on the other hand, lie in the 
pcriioneal tissue in front of the faseb, and the hranchei of these vcs^la to the glut^ 
region emerge in special sheaths of this tissue, above and below the Piriformis muscle. 
The /oicia 0/ r/ie p^Ivk: thaphragm covers both surfaces of the Levatorea ani, 
Thsit on the lower surface of ihe muscle is very thiUp and is known as the injmw 
foida of the prifd^ dittphrugm {ftfia! fmcUi) \ it forjiis the medial wall the ischi^ 
rectal fossil, and iibnve is continuous w^iih the fascia of the pudendal carul and the 
obturator fascis along the line of origin of the JjCX'ator ani; it is continuous below 
w ith the fascia on the Sphincter urethra? and the Sphiacter ^ni extemus. The fa^ia 
covering the upper surface of the Levator ani ts the superior /fijclri «/ yie prrt /c 
diirphmgm. On its ktcnil side it follovtia the line of origin of tlie muscle, and is there¬ 
fore ftomewhat ^ ariable. In front it is attached to the hack of the symphpis pubi* 
about z cm. alxive its tower border, and tan he traced laleralij across the back uf the 
superior ramus of the pubis for a distance of i -15 cTri,^ when it reaches the obturator 
fascia, ii blends w'ith this fascia along 1 line which pursues a somewhat irregular 
course to the spine of the ischium. The irregularity of this line is explained by the 
fact that whereas in lower mammals the I.evator ani arises posteriorly from the 
pelvic brim, in man it has descended to a lower JcvcL leaving its aponeurosis of 
origin as the lough upper part of the obturator fascia. In some cases tendmous 
fibrra of origin extend up towards, and may reach, the pelvHc brim. Internally die 
superior fascia of the pelvic diaphragm hknds with the visceral pelvic fa^ia, 1 he 
fascia covering that part of the tfbluraKiir inlcmus which lies above tlic origin of the 
l^ ator ani is therefore a composite structure and includes^ (a) the obturator ft^ia., 
(A) the fascia of the Levator ani, and (c) the degenerated fibres of origin of the 

Levator ani. . .. 

At the level of a line extending fo^m the lower part of the symphy&is pubis to 
the spine of the ischium there is a thickened ivhtttsh band in the superior f^ta of 
the iwK ic diaphragm. It is termed the ieNdiuoas arch of the pelvic fa34na, and mark# 
the line of attachment of the lateral true ligament of the uririiiry^ hliddcr, ,Anicnorly 
the fascia fomw two thickened bands, named the puhopritHalit h'samf nts, otie on each 
side of tlic median plane. 

The Levator ani (lig, 591) is a broad, thin musde ; tt 13 attached to the inner 
surface of the side of the true pelvis, and unites with its fellow of the opp^itc side 
to form the greater part of the Hoor of the pelvic cavity. It ansei, in front, from the 
pelvic surface of the body of the puhis lateral to the symphv’sis! behind, from 
the inner surface of the spine of the ischiuni; and between these two poinla, from the 
obturator fascia. Posteriodv this origi n from the obtu rator fascia corresponda, more 
or less closely, with the tendinous arch of the pelvic fascia, but in front, the muscle 
arUca from the fascia at a varying distance above the arch, m some casea reaching 
nearly as high as the canal for the obturator vessels and nerve.^ The fibres 
towards the tnedisn plane with varying degrees of obliquity, (u) The most anlcrtor 
fibres sweep backwards and downwards across the side of the prostate to be inserted 
into the perineal body (p. bofi). They constitute the Levalor prmtai^ in the male, 
but in the female they cross the sides of the vagina to reach their insertion, and so 
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cDnadtute an additional and important sphincter for that structure. (£) The succeed^ 
tng fibres pass baekwards and dawnwarda acrem the side of the pmsutc and then 
turn medi^Ly at the aouFectal to become continuous viith ihc ODm«pcindifig 

fibres of the opposite sidcj but a number of them bknd with the longitudinai coat of 
the rectum and descend as a longitudina] coat for the linal canal, deep to the external 
but superficial to the incemaJ sphincter (p. 606). This pan of the muscle is termed 
the PtfiHfr^ctaUi. (e) The rcittainiog fibres are inserted into the side of the iast two 
segments of ilie coccyx and into a median fibrous raphe which stretches betw'ecn the 
coct>TC und the anorectal flexure. 

MorpholojncalLy^ the Levsior ani may be divided into llincoccygeiJS and Pubo* 
eoccygeus. 

//wceefvjeuj lu-jees from the ivehial spine and from the posterior part of the 
tendmous arch of the pelvic fitsciR, and is attached to the cocej'x and the median raphe \ 

Fic. jiyp.—A mediui MRittal lectioo through the pcIvU, Rawing the arrartgement 

oF the fajda^. Diu|piiniiiiQ:lic. 



it b usually thin, md may M\ entirely or be repkeed largely by fibrous tisaue. An 
accessory slip at its posterior part k sometimes named the The Pubo- 

corcyjFcuf ariies from ihc badi of the puhk and ftom the anterior pare of the obtumtjor 
fascia, and ts directed backwards almost horizontally along the side of the canal 
Itetwctn the coccyx md the imJil camd the Pubococcygei come together and foim a 
thick, fibrotouacuLar layer lying on the raphe formed by the Ilioeoccygei. In lower 
mommak both muscles iin; inserted only into the caudal vertebr®. The llioeoccyeeus 
is responiibie for side to side toovemenft of tht tail, and the Pubococcygeus dta^ it 
downwards and forwards hetw^ecn the hind limbs. Hie gradual disappearance of the 
tail seta frw these muscles to mec! the dmands for a more complete pelvic floor made 
by the gradual mdoptkm of the erect aititude+ 

The Lev atnf ond Depressor caudv muscles are represented by the nidiitieiitarv 
Ventral and Dorsal eacrococ^geal musclea (Flexor and Extensor coceygia). lliesc 
conskt of delicate muacle slips which run from the saotim the coccyx gver the 
dorsal and vTntftd jupeets of the sacrococcygeal joini. 

Heiations —The upp^ or privic wrfare of the Levator ani is separated by its 
covering fascia fmen the bladder, prosaic, rectum^ and peritoneum. Its 
pfrinral tuf/dct foirPs the medwl boundary of the khiorcctai fossa, and is covered by 
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the inferior faitria of the pelvic diaphraj^^ Its p^$irrt^ bordirr is free and sepamted 
fronn rht Coccygeus mu: 9 ck by areolar Its anierior bordfr is sepaniied from the 

muscle of the opposite aide by a triarkipilar spaoe^ throng which the urethra yiid. In 
the fernak, die vagina pass from the pcivia. 

NcrvMupply-—The Levator ani es supplied by a branch from the fourth sacral 
nerve ami by a branch which arises cither from the inferior rectal nerve (p. 1190 ) 
or from the peiineaJ division of the pudcudal nerve. 

Actions r—Tlie Levatores aid constHct the lower end of the rccium and vaginn 
and steady the perineal body, 'rogethcr with the Coccrygci they form a muscular 


FiU. sgi^—"["he Irfi Ltvaior uni and Coceygeua musclrap viewed from the pelvic 
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diaphragm which eiupports the pelvic \isccra and opposes itself to the downward 
thrust prcxluced by any increase in the Intra-abdominal pressure. 

The Coccygeus 59 0 situated behind the levator ani. Tt la a triangubiT 

sheet of muscular and tendinous fibres^ arising by its apex rrom the pelvic surface 
of the Spine of the ischium and from the sacrospinous ligament, and inserted by its 
base into the margin of the coccyx and into the side of the lowest piece of the 
sacrum, li assists the Levator mi and Pirifonnia in dosing the posterior part of the 
outlet of the pelvis. 

Nerve«suppEy«^Thc Coccygcus is supplied by a branch from the fourth and 
fifth sacral nerves. 

Actions,—The Coccygci pull forward and support the coccyx^ after it has been 
pressed backwards during dchecation or parturition. 

Applied Anatimy ,—Injury to the ttuiaeles forming the pelvic floor oecuia not in¬ 
frequently during partuiidonp When the perineal biKly (p. 60S) has been torn thfought 
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and has n^t be^in rcpairicd sarisfacioTilyi ihc Gonlracticin th<- antcdor fibres of the 
Levatar uni increap^a in£t«id of diniHiiaiwiif the nnimsal gap in the pehic floOfi and a 
eystoeelc rwila. In severe caMS the lilertiS, ovaries and rectLim may also prolap^. 

\L The Mv$c\j^ of the PHKihTUM 

The pcrtncuiii ovcrltes the outlet of the pelvis. Its deep boundaries art—in 
fronts the pubic arch and the arcuate pubic ligament; behind^ the tip of the coccyx i 
and on each side the inferior ramns of the pubia and the rairms of ^c behium^ the 
ischial tuberosity and the sacrotubetous ligament. The space wiihJji tlicsc bound¬ 
aries is somewhat loKenge-shapcd. On the gurface of the body the perineum ts 
limited by tlie scrotum in front, tlw buttocks behind, and the medial sides of the 
thighs late rail V, A line drawn transversely in front of the ischial tuberosities divides 
the space into iv^o portions. The posterior contains the termination of the anal 
canal, and is known as the ami region ; the anterior contains the eitemaJ urogenital 
orgai^, and is termed the utrjgm(ai rtgion. 

The muscles of the perineum may therefore be dnided into tw o groups ; 

1. Tho^ of the anal region. 

2. Those of the urogenitaJ region i In the male ; n, In the female^ 


t. The MustXES op the ^Vnal Region 
S pldncter ani estemus. 

Tlie superficial fascia is very thick, areolar in texture, and contains much fat 
in its meshes. On each side a pad of fatty tissue extends deeply between the 
I,evator ani and Obturator Intemna into a space known as the mhioreciai 

'^Thc deep fascia forms the lining of the ischiorectal fossa ; it comprises the 
inferior fascia of the pch ic diaphra^n and that pan of the obturator fascia which 
lies below the origin of Levator atii. 

hfhiijrecial fosta. —Tlie fossa is somewhat wedge-shaped, with its base directed 
to the eurfacc of the perineum, and its thin edge at the line of meeting of the 
obturator fascia and inferior fascia of the pelvic diaphragm. It is bounded medially 
by the Sphincter ani extemus and the inferior fascia of the pelvic diaphnigni; 
laterallyH by the tuberosity of the wdiium and the obturator fascia ; anteriorly, by 
the inferior fascia of the mtigcnital diaphragm (p. 60S); posteriorly, by the Gluteus 
maximus muscle (lower border) and the Eaertnuberous ligament. I’he inferior recuil 
^'em'ls and nerve cross the space tntnHversely fruni the lateral to the medial side ; 
the perineal and perforating cutaneous hranthes nf the mral plexus arc found in the 
posterior part ol the fewsa j white from the anlcrtfir pirt the posterior srmtal {or 
tabial) vessels and nerves emerge. The internal pudendal vesseta and pudendal 
nerve he on the kteral wall of the foMUi, in the pudendal canal (p, 6oj) and, the 
fascial sheath of the vessels extends upvt^ards to the inferinr fascist of the pelvic 
diaphragm aud downwards to the falciform prooess of the sacrotubemus ligament, 
with both of which it blends, it h Mmetinu-s regurding as forming the latera] wall of 
the ischiorectal fossa. The fossa is filied with faity tissue, acmss w hich numeroiis 
hbroua bands extend. 

'Hie Sphincter ani extemus (figs. 1201, izo2) is a ahuci of muscular fibres, 
elliptical in shape and intimately adhmmt to the skin surrounding die anus. Tt 
eonsUts of three [Hyrmns, subcutanmus, superficial and deep. Hie mb€tttme{m 
fHirtum h a llat band, about t^ mm. broad, which sunounds the lowermost pan of 
the anal canal up to the * white line ' (p. 1443). I'hc fuprrfidal f^riion arises by a 
narrow tendinous band ftrirti the dorsal aspect of the tip of the cacc\TC ; the muscle 
coneisls of two jlattuncd sheets whidi pass one on each side of the anal canah deep 
to the subcutaneous prtrtion. and meet in fmnt to be infttned into tile pcrintArbod) , 
joining with the Transyeraus perinei supcriicialis, the Lcviitot ani, and the Bullw- 
cavemoBiis muscles. The diep p^rtian forms a complete sphincter to the upper end 
of the anal canal. Its fibres surround the eanah ela^y applied to the i’uboreetalls 
and the Sphincter ani intemus, and In front bknd with the other tousdes at the 
perinea! body (6g. 5^). 'Lhc upper edge of the muscle is il!-dcfined, since it 
receives numerous fibres from the Puborccialiis (jfr aise, p, 1444),* 
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N'erve-siipply.—Thts Spincter ani usrtcmiia is supplicil by ths pcrineat branch 
of the fourth sacral nerve and by ttrigs from the inferior rectal branch (S. 2 and 3) 
of the pudendal Jicirvc+ 

Actions.—The Sphincter atii cxtcmii^ is normally In a state of tome eoniraclion, 
and having no aotsgonbtic muscle it kcc|K the anal canal and orifice closecL It can 
be put into a condition of greater contraction under the influence of the will, p to 
occlude the anal aperture more firmly^ Taking its lised point at the coeqFTC, it helps 
to fix tlie perineal body. 

Fig. joa,—The mtiBcIci of the meks iwjinEitm. (From Ouflia*! 

XL. Eaition^) 
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4. A. The Muset^ of the Urooesital Rtoion in the Male (fig. 594! 

Transversus perinci superficintis. Ischiocavemoaus. 

BuTbocavernosus. Transvcisus perinci prnrutidus. 

Sphincter urethrse. 

The superficial fascia of this region conaUts of s superficial, fatty, and a 

deeper, membranous layer , 

Thc/(tH>' (nyer is thick, loose, areolar in texture, and contama a vaniblc amouni 
of fat in its meshes. I n front, it is continuous vdththednrtoamuscleofthescrotum; 
behind, with the subcutaneous areolar tissue surrounding the anus; and, on each 
side, with the same fascia on the medial sides of the thighs. In the median plane, it 
is adherent to the shin and to the membranous layer of the superficial fascia. 

TI1C membranoiu layer of luperjidat fascia (fig. 590) is tMn, aponeurotic in struc- 
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ture^ And of ccnsSdejieble Atrength^ B4*rving to bin-d davm the mu^ea of the root of 
the penis. It is continiiou^p m fronts with the darto^ iniiscki the fzscia penis, and 
the membranous Uyer of the supcifidal fascia upon the anterior wall of the 
abdomen t on each ildc it is attnehed lo the margins of the rami of the pubis and 
ischium, lateral to the crus penis and as far back as the tuberosity of the bchium ; 
posteriorly it curves round the Transv'ersi perinei superfidalcs to join the posterior 
margins of the fascia of the urngeniial dlaphragni and the perineal body. Iktwcen 
she membranous Layer of superficial fascia and the inferior fascia of the unigenital 
diaphragm is the suprrftd^ii prmrai 

The ptrmeal Acsdfy.—This is a hbromuscular node in the median plane, about 
1 -ZS cjn> in front of the amiSt ^nd close to the bulb of the penia. Towards this point 
eight musc^-cs converge and are attached : viz. the Sphincterani extemus^ the Bulbo- 
cavemosusp the two I’rnnsvcrfii perinei BuperScialcs^ the two ^fransvccsi perinei 
profundi^ and the anterior hhres of the two Levatores ani. In addition, it receives 
longitudinal involuntary fibres from the rectal ampulla and the anal canal. It is a 
compact little node, and the importance of its integrity to the pelvic floor in the 
female has already been mentioned (p. 605)- 

llicTransverEus perinei superBciaHs is a narrow muecular slip which 
more or le£S transversely across the perineal space in front of the anuSi It ia often 
feebly developed^ and is sometimes absento It arises by tendinous fibres from the 
medial and anterior part of the tuberosity of the isdiiLtm, and, running medially, is 
inserted into the perineal body, joining in thi= situadon wiih the muscle of"the 
opposite side, with ihc Sphincter ani cxiemus behind, and with the Bulbocavcmosus 
in front. In some cases, the fibres of the deeper layer of the Sphincter ani extemus 
decussate in front of the anus and are continued bto this mu^lc. Occasionally it 
gives off fihtes which join wilJi ikc BuLbucavemosus of ihc same side. 

Action-—"File simultoncouB con traction of the iw^q Transversi perinei super- 
ficialcs help^ to fix the perineal body. 

The Bulbocavcmosii^ (Eulbospoogiosus) is placed in the median tine of the 
perineum, in front of the anus, and tonaists of two symmetrical parts, united by a 
median tencUnous raphe- It arises from iliis median raphe and from the perineal body. 
Its fibres diverge like the barbs of a quilhpen ; the mnst posterior form a Uiin layer, 
which is lost on the inferior fascia of the urogenital diaphmgm ; the middle fibres 
encircle the bulb and I he adjacent pan of t he corpus spongiosum penis, and are 
inserted into a strong aponeurosis on the upper part of that atructurc ; the anterior 
fibnes spread out over the side of the corpus caveraosum penis, to be inserted partly 
into that body, anterior to the l3chjot!averni>sm, and partly into a Tendinous ex¬ 
pansion which covers the dorsal veaseEs of the pent&r 

Actions,—T he BulbucaveniosuA acnes to empty the canal of the urethra, after 
the bladder has expelled its contents ; during the greater part of the act of micturi¬ 
tion its fibres are relaxed, and they only cesmt into action at the end of the process. 
The middle fibres arc supposed by Krause to assist in the erection of the corpus 
spongiosum penis, by compreKing the erectile tissue of the bulb. The anterior 
fibres, according to Tyrrel, contribute to the erection of the penis by conipreas- 
ijig the deep dorsal vein of the penis, as their tendinous expansion is inserted into, and 
is continuous with, the fascia covering the dorsal vessels of the penta (w p, 1 
T>ic Ischtocavernosua coders the crus penis. It arises bv tendinous and fleshy 
fibres from the Inner surface of the tuberosity of the bchium, tehind the cnia penis t 
and from the ramua of the ischium on both si des of the crus. The muscular fibres end 
in an aponeurosb which b inserted into the aides and under surface of the crus penis. 

Action.—The Ischiocavemosus eompresses the crus penis^ and so may play a 
part in maintaining erection of the penb. 

Between the muscles just examined a triangular space exists, bounded medially 
by the Bulliocavcrnosus, laterally by the Ischtocavcmosua. and behind by the 
Transversus perijici supcrficialis ; the floor is formed by the inferior fasciji of the 
urogenital diaphragm. ITie p<i 5 teri<sr scrotal vessels and nerves, and the perineal 
branch of the posterior femoral cutaneous nerve traverse the spate from behind 
forwards ; the transverse perineal arierv^ courses along its posterior boundary on the 
'rransversus perinei superficialis. 

I'hc muscles of the urogenital region together with the fascii^ investing them 
constitute the timphragm. Superficial to the Trans versus perinei profun- 

diift and the Sphiucler urethrae b the ittferittr fascia u/ tht ur^tni^at diaphragm 
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f^pennral Hhe^ rotmfi a Strang iHycr^trctcliing aJmciPSt bDri^onully 

ihc pubic arrh. Its buse, diDcctcd backwards, is cumitctt'ti to itic pcrjn<rjl body and 
IB conlinuuiis wkh tbc inlcrior fascia of die pelvic diaphnigin ajldt bcliind the 
^1 tans versus pcHnci supchididis^ with the membranous layer of the superficial 
fasciiL. Its Utcral margins are attached lo the inferior ramus of the pubis and the 
ramus of the ischium^ aba%'e the crus penis, its ajkx^ directed forwards^ is ihickened 
to form the iTaasv^st pfrifieal isoamffit ; between this ligament and the arcuate 
pubic ligament the deep dorsal vein of the penis (or chtoris) enters the pelvis and the 
dor^l nerv^e of the penb passes fonvards to gain the dorsum of the penis, [t is 
perforated^ frerm 4 to t em^ behind the Jmver edge of the symphysis pubisp by tbc 
urethra, the aperture for which is circular and about 6 mm. in diameter; by the 
arteries and nerves to the both snd^ dose to the urethrot by the ducts of the bulbo¬ 
urethral glands ; by the deep arteries of the penis^ one nn each side dose to the pubic 
arch and atxiut halfway along its attached margin ; by the dorsal arteries of the penis 
near its apex^ its base is also perforated by the posterior scrotal vessels and nerves. 

Deep to the Trane versus perinei profundus muscle and the Sphincter urcLhrx 
is a less definite layer of fascia^ the aiprrtor faseta of iht isro^etittctl dmfihra^m. It 
stretched across the pubic arch and is continuous Literally with the obturator fascia. 
Echind it blends with the inferior fascia of the urogenital diaphragm^ the perineal 
body and the membranous layer of the auperiicial fascia ; abovci it ts pierced by the 
urethra and is continuous at this psint with the pmsutic fascia. 

Eel ween the superior and inferior fasciae of the umgenital diaphragm is the deep 
perineal space. In it Ue the membranous portion of the urethra, t!ic Transversus 
pcrinci pro fund tts and the Sphineier urdhrse, the bulbo-ureihral glands and their 
ductSp the pudendal vessels and dorsal ticn cs uf the penis in the forward continua¬ 
tion of the pudendal canah die arteries and nerves of the bulb of the peniSp and a 
plexus of veins. 

The Tmnsversus pediiei profundtis arises from the fascial sheath of the 
pudendal vessels over the ramus of the ischium ditd runs to the median plane^ W'here 
ii intirrlaccs in a tendinous raphe witli its fellow of the opposite side and gains 
attachment to the perineal body, 1 1 lies in the same plane as the Sphincter u rctli raj; 
formerly the iw'o muscles were described together as the or C^mpr^or 

urethrit. 

Actiom—The Transversus perinei profundus helps to steady the perineal body. 

The Sphinmer urethra! sumDuncLi the ntembranous portion of the urethra* 
and lies deep to the inferior fascia of the timgcnital diaphragm. Its Tup^rfiaal or 
inferior fibres arise in from from ibc transverse perineal Hgannent and from the 
neighbtiuring fasciaTi 'Fhey pass backivards on each side uf t he uretUris and converge 
nn the perineal body for ificir insertion. Its Jrrp fibres, some of which arise from 
llsd IksciaL sheath of the pudendal vessels and pass medially (lig. 773)i form a 
continuous circular investment for the membranous urethra, 

AcliCns.—The muscles of both sides act together as a spliincter, compressing 
the membnmous porticin of the urethra. During micturition they, like the Bulbo- 
oavemosus, arc ncLixcd, and only come into action at the end of the process to eject 
the last dropB of urine. 

Nerve-suppjy^—All the ttnisdes of the urogenrtal region are supplied by the 
perineal branch of the pudendal nerve (S. a, 3 and 4). 


2. B. The IVItrgcLts of the URocEsrrAL Region in the Female (fig. 593) 

Trujisversus perinei aupcrficialis. Ischiocavemosus. 

Bulbospongiosus. Trmi^vcrsua perimji profundus. 

Sphincter urcthnu. 

The Trans versus perlfiei superficial is in the female is a narrow' muscular slip, 
which differs but little from the corresponding muscle in the male (p. 

The Bulbocavemosus surrounds the orifice of the vagina^ It covers the lateral 
parts of the vestibular bulbs,, and is attached posteriorly to die perineal body, 
whete it blends with the Sphincter anl extemus. Its fibres pass forwards on each 
side of the vagina, to be inserted into the corpora cavernosa cUtoridis ; a fasciculus 
crosses over the body of the clitoris so as to compresa the deep dorsal vein* 

Aciioas.—'rhe Bulbocavcmosus diminishes the oriticc of the vagina. I'he 
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anterior fibres coniribuic to tlic erection of tbe clitoris by the Himpression of it* 
deep don^l vein. 

The lschi<HaYem 03 U 3 , smollcr than the corr^ponding muscle m the maJe, 
coverB the unattached surface nf the cnis clitoridis. [t arises by tendinonB and 
liohy fibres from ibe inner surface of the tuberosity of the ischium, l^hind the cnis 
f^toridis; and fiom the adjactnc portion of the rainus of the tschium.. The 
muscular fibres end in an aponeurosis which fa inserted into the sides and under 
iurface of tlie crus clitoridis^ 

Fin, 393.—The muscla of die perineum. (Modified fram a dmwinR by 

Petfff ThempMD.) 

C^iituris 



i^pAinettr olii 


Actions.—The iBchiocavemosus compresses the cma ditoridfa and retards 
the return of blood through the veins, thus aervLi^ to maintain the clitoris ereeu 
The in/cmf fascui 0 / l7if / diaphragm in ihe female fa weaVer than that 

ui the male^ and fa pierced by tlic aperture of the vagina, with the octemat Ciiat of 
which ii hicnds, aB well as by tlie urethra and v^sets and nen'ta corresponding tfj 
those already enumerated for the male (p. 6cH))i It cxwere the folbwmg stnicturcs : 
portions of the urethra and the vagina, the Transversus perinei profundus and 
Sphincter urethra: muscles, the internal puticndal vessels^ the doraal nerves of the 
clitoris, the arteries and ncn'ca of the vestibular bulbs, and a plexus of veins^ 

*nic Trafisversus perinei profundua anses from the fascial sheath of the 
pudentlal canal over the ramus of the ischium and runs across behind the vagina to 
meet the correspoiiding muadc of the opposite side. The more anterior fibres 
Income lost in the vaginal walk 

Action,—The Trans versus perinei profundus help® to steady the perineal 
body. 

The Sphincter urcthratt hStc live corresponding muaclc in the male, consists 
of cstcmal and internal fibres. The fibres ariee on either side from the 

transverse perineal ligament and sweep backwards on each side of the urethra. 
Some of the fibre® interlace with tluwc of the opposite side between the urethra nod 
the vagina, while olhem can he traced to die vaginal wall. ITie innfrmml fibres 
encircle the lower end of the urethmi 

Actions- -The muscles of the two aides act as a constrictor of the iirelhra^ 
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THE FASCL^: AND MUSCLES OF THE UPPER LIMB 
musfilcs of die upper limb ait divisible into the roUowing groups; 

L Muscles cormcctLiig upper limb viith tlic vencbral cci]umn« 

IL Muscles connccijiig the upper limb with the dTitcdor and lateral tlmnidc walla. 
HL Muscles of thr shoulder. tV. Musdea of the upper arm. 

V* Muscles of the foreurrci. VL ^lusdts of the hand. 

L The Mitscl^ coNNEcn>sc Uprm Limb with the Vertebral 

COLUMxS’ 

Trapezius. Ithomboidcus major. 

Latisaimus dorsi* Rhomboidcus minor. 

Levator seapube. 

The superficial fascia of the back forms a layer of considerable thickness and 
atrengtht and contains a quantity of granular fat. It is continuous with the general 
superficial fascia. In the upper part of the neck it forms a thack^ tough byer^ 
chaTacterised by the presence of numemus white connective tissue fibres by means 
of which it h firmly connected to the overlying akiu- 

'Fhe deep fascia of tlae buck is a dense fibrous layer where it is attached sbov-e to 
the superior nucliil line of die occipital bone ; and in the median plaue where it is 
fixed xa the ligamentum nuchsc and supnispiiious Hgament, and to the spines of all 
the vertebraj below the seventh cervical. Elsewhere It is, for the most part, a thin 
fibrous membrane. Laterally, in the neck it is continue)us with the deep cervical 
fascia; over the shoulder it b attached to the spine and acromion of the scapula^ 
and IS continued downw^ards over the Deltoid to the arm ; on the thomx it 
is continuous with the deep fascia of the axilla and chest, and on the abdomen 
with that covering the abdominal muscles; beloiv, it is attached to the crest 
of tfie ilium. 

The Trapezius (fig- 594) b a flat, triangular muscle, covering the back of the 
neck and shoulder. It arises from the medial one-third of the superior nuchal line 
of the occipital bone, the external occipital protubenmee, the ligameiitum iiuchjkr, 
the spine of the ^venth cervical, and the spines of ail the thoncic venebr;^, and the 
corresponding portion of the supraspinous ligament- The superior fibres proceed 
downwards and laterally, the inferior upwards and btcrally, and the middle honzon- 
tally; the superior fibres are iuserted into tJse posterior border of the lateral one- 
third of the clavicle; the middle fibres into the medial mar^n of the acromion and 
the superior lip of the crest of the spine of the scapula i the inferior fibres converge 
anti end in an aponeurosis, which glides over the smoath triangular surface at the 
medial end of the spine of the scapula and is inserted into a tubercle at the apes of 
this smooth triangular surface. The upper part of the Trapezius is cunncctcd to the 
occipital bone by a thin fibrous lamina, firmly adherent lo the skin ; the middle 
part arises by a broad semi-elHptical aponeurosis, wbich reaches from the sixth 
cervical to the third thoracic vertebra : the lower part arises by short tendinous 
fibres. The two Trapezius muscles together resemble a trapezium, or quadrangle ; 
the laicrol aiigEcs corresponding to the shouldcra; the superior to the occipital 
protuberance ; and the Inferior to the spine of the twelfth thoracic vcrtcbra- 
Thc clavicular insenion of this muscle varies In extent; it sometimes reaches as 
faros the middle of the clavicle, and occoaianoUy blends with the posterior edge of the 
Stctnoclcldomaatoid. 

Nerve-supply.—The Trapezius is supplied by the accessory" nerve and by 
branches from the third and fourdi cenicol nerves. 

Actions.—Acting in ossociotion with the other muscles inserted into the scapula^ 
the Trapezius steadied tliai bone and controls it* position and movements during 
active use of the upper linib- In this way it t$ responsible for maintaining tlie level 
and poise of the shoulder. Acting with the 1 ^‘ator scapula?, it elevates the scapula 
and with it the point of the shoulder: acting with the Serratus anterior, it rotates the 
scapula in a forward dirccrion so thai the arm can be raised above the head | acting 
with the Rhomboids, it retracts iJit scapula and so braces back the shoulder. \\'hen 
die shoulder is fixed^ the IVapeziiJS draws the head bnckwarils and lateraHv^ 

The Latissimus dorsi [fig. 594) is a large, triangular^ fiat muscle, which covers 
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the lumbar regiori and the lower one-half of the thoradc region;^ but its fibres 
converge lo a lurmw tendon of insertion^ It arises by tendinoua hbres from the 
spines of ihe lower $ix tlioracic vertebra; under cover of the Trapezius^ and from tl»e 
posterior layer of the thoracolumbar fascia {p^ 575J- Ly which it is attached to the 
spines of the luinb^ and sacral vxnebra:, to the supraspinous Hganieni+ and to the 
posterior part of the crest of the ilium. In addition, ii arises by muscular fibres 
from the posterior part of the outer lip of tjie crest of the ilium, lateral to the margin 
of the Erector spinai^p and by fleshy slips from the three or four lower ribs; the 
latter interti imitate with the bwer digital ions of the Obliq uiis abdoraLnii* extemus 
(fig. 57S). From this extensive origin the fibres pass kicnilly witii vary ing degrees 
of chijquity, the Upper outs horizontaUv^ rhe middle obliquely upw'ardB* and the 
lower almost vertkalty upwards, so as to converge and form a thick f^icuLus, the 
upper part of which ett>ssesT ^tid usually receives □ few fibred from, the inferior angle 
of the scapula. The muscle is wrapped round the lower border of the lercs major, 
and curves round on to its anterior surface. Here it ends in s quadrilateral tendon, 
about 7 cm. long, which passes in front of the tendon of the Teres tnajor^ and is 
inserted into the l^ttum of the intertnbcncutar sulcus of the humerus, Sh^ing an cx- 
panstoQ of the deep fascia of the upper arm ; its insertion extends higher on the 
humerus than ihuc of the Teres major. Tlie lower border of its ttfidon is united 
with the tendon of the Teres inajor, the surfaces of the two being separated near their 
inactions by □ bursa ; another huraa is sometimes interposed between the muscio 
and the inferior angle of ihc scapula^ On account of the Avay in which the muscle 
curves round the lower border of the Ikrcs major^ its originally fibres arc 

inserted highest up on the humerus, while its originally highest fibres pass into the 
lower end of its tendon. 

The [,atissimus dorsi, with the underlying Teres major^ forms the posterior 
fold of the jutiUOf When attempts are made to adduct the abducted arm against 
resistance, the posterior fold of the axilla is accentuated and the lower, or lateral, 
border of the muscle can be traced dow^nivarda to its attachment to the iliac crests 

A muscular slip^ named the oxifiaTy ureh, varying from 7 to lo cin+ in leo^+ 
dnd fram 5 to 15 mm. in breadth, occasionally springs from the edge of the LatiEal- 
mus dorsi shout the rniddlp of the posterior fold of the axilbl-, and crosses the sxills 
in front of rise axilLiry vessels and nerves^ to join the under surfiicc of rhe tendon 
of the Pectoralis major, the Coracohmchialia, or ihe fascio over ihc Biceps. This 
axillary' ardi crosses the axillary artery, just above the spot uaunlly selected for the 
application of a ligature, and may mialead the surgeon during the operation. It ia 
present in about seven per cent, of subjects and ntay be recM.pused easily by the direc¬ 
tion of its fibres- ^ 1 * . . 

A fibrous slip usually passes from the low'er border of tlie tendon of the Latissunus 
dorsi, near its insertion, to the long head of the 1 Vteps. This is occasionally musculBti 
and is the reprcseniarivc of the ^^?r3Mprrror/iifeofij: hrcidm of apes. 

Ncrve^upply*—The I^atiaairnus dorsi is supplied by the thDrEcodomal nerve 
fnom the ptMterior cord of the brachial plexus (C. 6, 7 and 8J-* 

Actions.—The LaLlsstmua dorsi playa an active part m the movements of 
adductiom extension and medinJ rotation of the humcruft. Further, it acts with the 
stcmocoataL part of the Fcctomlis ruajor and with the Teres major to depress the 
raised arm against resistance. When the arms are raised above the head and fixerh 
Cpg. by gripping a horizontal bar, the same muscles act to pull liie trunk upwards and 
forw'ards, a movement in which their origins are approximated to their inserdans 
(p. 546), 

tn addition, the I^iissimus dorsi takes part inxll violent expiratory movcineiits, 
such as coughing or sneezing, and when the fibres of the muscle arc put on the 
stretch as in elcvution of the arm, their tonns enables thein to exert sufficient pressure 
on the inferior angle of the scapula to keep It in close contact with the chest wall. 

The lower part of the lateral margin of the I^tiaairaue dorsi is separated from 
the posterior free border of the External oblique muscle by a small triaoguLir 
interval^ named the lambar triangle^ the base of w hich is formed by the iliac crist, 
and the floor by the Internal oblique muscle (fig. 5^)^ Another triangle, sometimes 
termed the triangte qf amculiation^ La situated behind the scapula. It is bounded 

• Throurihout iht remnindcr of thia KCiioa the uw of ilalic* for TUfEiicrala indicftm that 
it is d^ubtfiil whethtr the nrrti: ituliciied aclUiJLy coniribut&a lo ibc iTiotor innervatioEi of the 
muKltp On the erther hand, the uac of Kcivy tv-pc indleatci that the ncrvc or nerva con¬ 
cerned art the predominant sourec of moior tuppl>v 
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Above by tbc Trapezius^ below by the LatissimiiB ciorsi^ Aod laterally by the medial 
border of the scapula; the floor ia partly formed by the Rhomboideus majon If 
the acapub be drawn fon^varda by Folding the armi across the chest, and the trunk 
bent forwards, parts of the sisth and seventh ribs and the interspace bemcen them 
become subcutaneous in this situaiion and available for auscultation of the lung. 

The Rhomfaoideus major (fig. 594.) arises by tendinous fibres friTO ihc spines 
of ihc second, tiiird, fourth^ and fifth tlioradc vertebra? and the supraspinous ligu- 
mcfit. Tlic fibres of the muscle are directed downwards and hterdly and arc 
inserted into the medial border of the scapula between the triangular surface of (he 
root of the spine and the inferior angle. Usually the in^rtion is an indirect one, the 
muscular fibres ending in a tendinous band which is fixed at its ends to the two 
points mentioned and joined to the medial border by a tfiin memhnme ; occasion¬ 
ally the arch ia incompletCp and some of the muscular fibres are then inserted directly 
into the scapula. 

The Rhomboidcus minor (fig. 594) arises from the lower part of the liga- 
men turn nuchar and from the spines of the seventh cervical and first thoracic 
vertebra I it is inserted into the base of the triangular smooth surface at die medial 
end of the spine of ihc scapula* It is usually separated from the Rhomboideus 
major by a slight iutervah but the edges of the two muscles arc oocasiomUly united. 

Nerve-supply*—I'hc nerve to ihc Rhomboids is the dorsal scapular which 
arises from the ventral ramus of the fifth cervical nerve in the substance of the 
Hcalenus medius. 

The Levator scapulae (figs. 570, 51^) &itiiaicd at the bach and side of the neck. 
It arises by ietidinous slips from ihc tmnsveisc processes of the atlas and axta and 
from the posterior tubercles of the transverse processes of the third and fourth 
cervical vertebne* It is inserted into the medial border of the scapula, be- 
tweed the superior angle and the Irinngular smooth surface at the medial end 
of the spine. 

Nerve-supply.^—The Levator scapulae is supplied directly by the third and 
fourth ixn icaJ nervxst and by A brunch from tlirc dorsal gicapedur i^erve {C\ 

Actions .—In association with the other muscles inserted into the scapnlA^ the 
Rhomboids and la:valor scapula: help to steady the bone and to control Its poaidon 
and movements during active use of the upper limb. In this v\Tiy they help to main¬ 
tain the level and powe of the shoulder. 

Acting with the Trapezius, the Rhomboid muscles retract the scapula and brace 
back the slioulder; acting with the Levator scapula: and Pectoralis minor, they 
rotate the scapula so as lo depress the point of the shoulder. 

When the cemcal part of the vertebral column ts fixed, the Levator scapnlie may 
act with the Tmpeziua 10 cknite ike scapula, or lo susuJfi a wdghl carried on the 
shoulder. If tlic shoulder Is fixed, the muscle iuclincs the neck to the same side. 


II. TjiJE Muscles coKSFcrtso the Uppo Limh wmj Tire Asttrioh 
ANO LhjTMAt Thoracic Walls 

Pectoralis major. Subclavius. 

Fecioralis minor. Serratus anierior. 

The superficial fascia of the anterior thoracic region Is continuoua with that of 
the neck and upper limb above, and of the abdomen below\ It encloses the mam¬ 
mary gland and gives off numerous septa which pass into it to support its ^^rioiiA 
lobes- Fr<mi the fasda over Lhe front of the ghind, fibrous processes pass forwards 
to the im^fnent and nipple 1 these were cdled by Sir Aatlcy Cooper the iiiaimnic 

iwpTAJorwJ. 

The iwctoral fascia is a thin l^ina, covering the surface of the PccioralEs major 
and sending numerous prolongations between its fasciculi ; it is attached in the 
median plane to the front of the sternum; above, to the clavicle; latcraUv and 
below, it is continuous with the fascia of the shoulder, axilla and thorax. It Is very 
thin over the upper part of Hk Pectoralis major, but thicker in the intcnal between 
it and the I.4Stissimiis dotsi, where it forms the floor of the axilkrv^ space and is named 
the a^ritiary fascia ; thia divides at the lateral margin of the Lati^imus dorsi Into two 
layers, which enslicatbc the muscle and are attached behind to the spines of the 
thoracic vertebra:. As the fascia leaves the lower edge of the Pectoralb major to 
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crrosa the floor of the axilbp k a layer upwards under cover of the muscle; 
this lamina splits to envelop the Peetoralis minors and at the upper edge of this 
muscle is continuous with the clavipeetoral fa^ia (p- 616). The hollow of the aim- 
pit^ seen when the arm i$ abducted, is produced mainly by the traction of tliis fasda 
oil the axillary floor^ and hence tlie lamina is sometimes named the fuspemory 
of thc^axilla. At the lower part of the thoracic region the deep fascia ia w^ell 
developed, and is continuous with the fibrous sheath of the Rcccus abdominisH 

Fig. 5y5.—The superficial mufcTes of the front of the chest and upper 
KmL Left «Ede. 
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llie Pectoral is major (fig. 595 J is a thick, triangular muscle situated at the 
upper and front pan of ihc chest. It arises from the anterior surface of the stemaj 
half of the clavicle : fmm half the breadth of the anterior surface of the sternum, as 
low dowTi as the attachment of the cartilage of the sixtli Or Bcveoth rib i from the 
cartilages of all the true ribs, mih the exception^ Frequently^ of the first, or seventh^ 
or both, and from the aponeurosis of the Obliquus extern us abdotninis. From this 
extensive origin the fibirs converge towards their insertion; those arising from the 
clavicle |iass obliquely dowmwards and laterally, and are usually separated from the 
rest by a slight interval; those from the lower part of the sternum, and the cartilages 
of the lower true rihs^ run upwards and laterally i while the middle fibres pass 
more or less horiTjonliilly. They all end in a flat tendon, about 5 ctn, broad, which 
h inserted into the lateral Up of the intertubercular sulcus of the humerus. This 
tendon consists of two lamina, placed one in front of the other, and usually blended 
together below. The animor the thicker, ts constituted by ihc fibres arising 
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from thr manubj'iuin.* Th^ claviculjir blends with its antcn^r and the 

6bre$ from the Erurginof tht sternum from the second to the iifth coital cattlLage^ 
blend with it9 postcrinr ^pect^ it eirteneb ss. lotv as the tendon of the Dcituld 
muscle and joins with it. The potUritfr Inmina^ the thinner, is formed by the 
fibres arising from the sixth rib and costal otrulage and not infrequently by those 
arising from the seventh. The fibres which arise from the front of tJie body of the 
sternum and from the aponeurosis of the Obljqnus abdorninjs extemus cijr\^e round 
the lower border of the rest of the muscle and the highest fibres from the sternal 
body pass into the lowest part of the posterior lamina, 'llie succeeding fibreST 
after curv'ing backwards^ ascend and blend with the posterior lamina^ extending It 
in an upwiird direction. As a result^ the tcndon appears to be twisted^ The posterior 
lamina of the tendon reaches higher on the hnmerus than the anterior, and gives ol^ 
an expansion which covers the bicipital groove and blends with the capsular 
Ug^nent of the shoulder joint. From the deepest fibres of this lamina at its in^ 
sertkm an expansion is given olT which lines dkc intertubercular sulcus^ while fnnw 
the lower border of the tendon a third expansion passes downw^ard^ to the fascia of 
the upper ann. 

The rounded lower border of the muscle forms the anterior axilbr)' fold and is 
rendered more conspicuous in the living subject when the abducted arm Is adducted 
against resiaiancei When the arm is flexed to a right angle, the ckvicular head ia 
thrown into contraction, w^hile the stemooustaJ head is relaxed, but when the ficxed 
arm U extended against resistance, the clavicular head becotnee relaxed while the 
aternocDsta] head stands out in bold relief. 

Kclatiojui- —the Fcctoralis major is rehujcd to the skin, superficial fascia,, 
Platvitma, anterior and middle sopradavieular nervei, nmmmaiy gla.nd, nnd deep 
■scIb ; its /wjfmW mrface is in contact with the sternum, riba and costal canihutes, 
dAvlpecioml fflschi* SubcliiviuSk PeclorBlis minor^ Sernttus anterior, and Intercostal 
muscles ; it forms the superficial stratum of the anterior wull of the axillary space, 
and ao covers the nxilhiry v^csscls nnd nerves and the upper parts of the Biceps and 
Coracobractuahs. Immediately below the clavicle its uppfr^nitr Is separated froni 
the Deltoid muscle by the infr^dm^kuhr fctta/mriifhich. the cephalic vein and deltoid 
branch of the thoraco-ocrocnliil snei^^ lie. Its fiMVrr hordtr forms the anterior fold of 
the axilla ; it is Eeparvtcd from the Latissimus dorsi by a considerable interval at the 
medial wall of the axilla* but the two muscles gradual[y converge towards the Iitcnil 
null of the space, 

NervMuppIy.—The PectoraJia major is supplied by the lateral and medial 
pcciuml nerves; the fibnea for the clavicular pan of the Tntiscle are derived from 
C. j and 6, and those for the stemocosta! pan arise from C. 7, 8, and 7 *, j. 

Actions*—The two par^ of the PcctoralSs major ane capable of acting in com-^ 
bination or they ntay act ifidepcndmily of Mch other. Acting os a whole* the 
musde takes an active part in the movements of adduction and medial roiation of 
the humerus and, when the arm has been drawn backwards and bterally* i.c. 
extended, the Fcctondis major drasvs it forward and medudly. When the aim is 
flexed, the sternocostal fib™ take no part in the movement, which is c-irried out bv 
the clavicular fibres (pofrio acting tvith the anterior fibres of the Deltoid 

muscle and the Coracobrachialis. When the opposite movement* usually curried 
out with the assistance of the force of gravitation, is resisted, the sternocostal part 
(pQFiiQ depnm^s) helps the Latiasimus dorsi and Terea major to dqjre^ the arm 
W^cn the raised arms are fixed, r.g, by gripping a branch of a tree, the same combin¬ 
ation of muscles operates to draw the trunk up wards and fonvarda in clLmhing, 

The clampcctoral fascia 13 a strong fibrous £hf?et situated under cover of the 
cUvicuLir portion of the PmoraJb major. It occupies the interval between the 
Fectoralis minor and Subclavius, md covers the axillary vessels and nerves. Traced 
upwards, it splits to enclose the Subcbviua. and b attached to the clavicle tn front 
of and behind the muscle : the layer behind the muscic fuses witli the deep cervical 
fsiftda cannecting ihtr Omohv'fdd to the clavicle fseo n. 566) and ^ ith the sheath uf 
the axillary vessels. McdkUy, the clavlpccmral fascia blends with ihe CS 
covering the first uvu intercostal spaces, and Is attached also to the first rib medial 
to the origin of the Subdav-ius. Laterally, it is thick and dense, and is attached to 
the coracoid proross, blending with the a^racoclavlcular ligament. The portion 
extending from tin; firat rib to the conaooid procew often forms w thickened band, 

* C. T. Aililcy, iij, iqjj. 
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and 13 5omijtlfnc3 calkd coflo€ftwii£ofd ligammL Iklow this^ the fascia is thiR | lE 
^llts to cnsKcathc the Pcctoralifi minor ; and from the lower border of thb mnsele 
it is conrinued downwards to join the asiJkr)^ fascia, and bterally to unite with the 
fascia cos'ering the short head of the Blcq^s. Tlic clavipt-etoral fascia is pierced by 
the cephalic vein+ thoraco-acmniia-l artery and %^einp and latcnd pectoral neri'e. 

The Pcctoralis minor (fig. 596) is a thin^ tTbogubr mliBcIc, situated aC the 
upper part of the thorax, deep to the Fectoinlis major It arises from the upper 
margins and outer surfaces of the third, fourth and fifth ribs (frequently the Stcond, 
third and fourth ribs) near their eartilogeSj and from the fasciie covering the Externa! 
intercostal muscles ; the fibres pass upwards and laterally, and conv-erge to form a 
flat tendod, wbicb is inserted into the medial border and upper surface of the 

pjc. 'E*ht dtftp muadn of the front of the chest and arm. Lets iide» 


PictomlU rninnf m, 



coracoid process of the scapida* Sometimes a part or the w^hole of the tendon ia 
continued over the coracoid procesa and through the cotaccHacrDnuBl ligament ^ 
when this ocoirs the tendon blends with the coracohumcral Ligament and thus gains 
an attachment to the humcruB+ 

Rclalions.—lis 4tnierii^r furface is in with the Pectorafig major, the lateral 

pectoral ner^^e BJid the pectoral branches of the thonico-acrcmial artery t its pojgmor 
TUffac^, with ihc liba^ Extemd interco^ml muscles, Sermtus anterior, the axillary 
ipacc, the axillary vessels and brschial plexus of nen^p Its upper b&rder is 
separated from the clavicle by a narrow triangular interval occupied by the eJavi- 
pi^ioral fascia^ behind which are the axillary vessels and nervo. Running pamlSel 
with the border nf tlie muscle Is the latenLl thoracic artery ; piercing and partly 
supplying the muscle is the medUl pcctoml ficrvc+ 

Ncrve^upp!>\—The Pcctoralis minor is supplied by both the pcctoml nerves 
(C. 7 and S, and 1 \ j). 

Actions^—The Pcctoralis minor assista the Semtus jmterior to draw the scapula 
forw'arda round tlie chest wait Acdog with the Levator scapulae and the Rhom- 

-a-Vm n. ^ - - - ■__ !!___ ..k--.t___ j. - J ...... . 1.1 + - P ■ 



U 1 


C.A, 



6iS MYOLOGY 

The Subclavius (fig. 5^6) is a snuillt triuugulsii' muscle, pbced bcUv^en iJie 
clavicle and first rib. It arises by a sbortp thick tendon from the junction of the finat 
rib and ita costal cartUngc, In fiont of the costoclavicular ligament ^ the fleshy fibr® 
proceed obliquely upwanis and laterally, to he inserted into die groove on the under 
surface of the inicnncdiate third of the clavicle. 

Relalions.—Its pmtiprior is sepatmted from ilir first rib by the subclavian 

vessel's and biachial plexus of nerves. Its unierhr surface is fieparaTcd from the 
Fectoralis major by the clavipcctoral faada^ 

Nerve-supply,—The Subclaviuj ia supplied by a hrarLch ivhich derive its 
fibres from C. 5 and 6. 

Action.—'['be Snhcbvius pulls the point of dte shoulder dowmA-artU and 
forwards and etcadics the clavicle, during movements of the shoulder, by bracing it 
against the articular diic of die sternoclavicular joint. 

The Serralus anterior (fig. 596) is a muscular sheet, situated between the ribs 
and scapula at the upper and Lateral parts of the chesf, ft arises by fieshy slips or 
digitations from the outer surfaces and superior borders of the upper eight or nine 
riba, and from the fascia; covering the intcn'cning Intcrcastal rnusde*, Ivach 
digitallon arises from the corresponding rib^ but the first sprinj^ in addition from 
the second rib, and from the fascia covering the first ijitcrcostal space^ Tfie lower 
four slips intrrdigiiatc with the upper five alips of the Obliquus e^tternua abdominis. 
From ^is extensive attachment the fibres pass backwsfds, dosely applied to the 
chcst-w^all, and arc inserted into the costal surface of the medi.al border of the scapula 
in the following manner. The first djgitalion is inserted into a triangular area on the 
costal surface of die superior angle. The next two or three digitations spread out to 
form a thin^ triangular shcci, the base of which ia directed bac kwarda and is inserted 
into nearly the whole length of the costal surface of the medial border* The lower 
four or five digiiations converge to form a fan-shaped mass, the apex of which is 
inserted^ by miiAcular and tendinous fibres, into a triangular Impression on the costal 
surface of the inferior angle# 

Nerve-supply. The Serratus anterior is supplied by the long thoracic nerve 
which arises by three roots fronii the fifth, sixth and seventh cenicaJi nervta (venlnil 
rami) immediately outside the Lniervtrtebrul foramina and descends on the outer 
surface of the muscle. 

AetJona.'—ITw Serratus anterior^ acting with the Pectoralis minor, draws the 
scapula forwards, and is the chief muscle concerned in all pushing and punching 
movementa. Its lower and stronger fibres draw the louder angle of the scapula 
forw^ards round the clwst wall and assist the Traposius in rotating the bone. They 
thus play an imj^rtant part in the movement of raising the arm above the head 
(p, 4^^! ). In the initial stages of abduction the Serratus anterior acts with the other 
muscles inserted into the scapula to steady the bone and, as a result, the Deltoid is 
able to exert its action on the humerus and not on the scapula. While the Deltoid 
is raising the arm to a right angle with the scapula, tlie Benatns anterior and the 
Trapcaius are rotating the scapula^ and the arm can be raised above the head as the 
result of this combination of movements. When weights ar^ carried in front of the 
body, the tone of the Seiratus anterior increases in order to prevent backward rota¬ 
tion of the scapula. W\\cn the scapula is fixed, the lower pan of the muscle will 
puli upon the ribs^ and act ns a muscle of inspiration. 

^dpp^iV^i /IjwfflFfiy—\STicn tlse Senatus auteriar is panilvsed, die medial border 
and especially the lower angle of the acapula, Jmve the ribs and stand out prpmlncntlv 
on the surface, givinE a peculiar ' winged ' appearance to the hack. The patient is 
unable to raise the arm or to carrj' out ptishing movements, and atTcmpra to do so are 
followed by a furtlier projwrtton of the Inwer angte of the scapula from the back of the 
thonix. 

II L The Mti^aass of the Shoulder 

DthotdciLs. Infraspinatus. 

Subscapubris. Teres minor, 

Supnwptnatus. 

Tlic deep rascb coyeiwg the Deltoid mvests the niiwcle. and «nds nnmcnjua 
■epta between the fasciculi. In fTunt, it is continuous with the pectoral fascia ' 
behind, where it b thidc ind strong, with the fascia infraspinata ■ above it h 
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attached to the clavide, the itramiort, and the cre^E of the spine of the scapula i 
below, it ^ continuous ^vith the br.9iehiaJ fsiEciji. 

The Deltoid (hg. 595) is a thickp trintigulur muscle, w^Jiich caven the shoulder 
joints It arises from the anterior border and upper surface of the lateral one-third 
of the clavicle ; from the lateral margin and upper surface of the acromion, and 
from the lower lip of the crest of the spine of the ecapnlsp as hir hack os the trmngubr 
surface at its medial end, 'Lhe fibres converge towards their lEksertion, the middle 
passing vertically, the anterior mclining backw'arda, and the posterior forwards; 
they unite in a thick tendon which is inserted into the dekeid tuberosity on the 
lateral side of the shaft of the humerus. At its inseftion the tendon gives off an 
expansion m the deep fascia of the upper arm. This muscle is remarkably cfimxe in 
texture^ and the part arising from the acromion consists of oblique fibres; dicse 
arise in a bipennate manner from the sides of tendinous septa, general ly four in 
number^ which pass downwards from the acronuon into tlic muscle. Tlicsc oblique 
fibres are inserted into similar tendinous septa, generally three in number, which 
ascend from the tendoA of biscrtion of the muscle and alternate with the descending 
septa. The pr^rtions of the muscle arising from the clavicle and spine of ttie scapula 
are not arranged in this manner^ but arc Inserted into the margins of the tendon of 
insertion^ 

11»e bulk of the musclej spread out over the projection formed by the greater 
tuberosity^ accounts for the rounded cotitoiir of the normal shoulder, and its limits 
can be determined acairatcly through the skin, if the arm is nuuntained in the 
position of true abduction (p, 4S6) against gravity. 

Relatiorrs^—[ts sup^^ctal rin/iJCe is in relotinn with die skin, the superficial and 
deep fascLe, I’latwmi, pcHienor ^praclavkulor iitid Istcnil htochioj cuiancou't 
ncnr’ca. Its mr/nce covers the ctarBt-qid proccs^ip eoraco-aeromial Jtgamenr, 
subacromijil bursa, the tendon of insertion of the Pcctoralis niinor^ the tendons of 
origin of the Coracohrachmlis and both heads of the Bicepa, the tendon of the 
Peetoralis rnnjtir, the insertions of the Suhscapu laris, Supmspifijinjs, [nfnaspinatus^ 
and Tores minor, the Inn^f and lateral heads of the Triceps, the circumflex humeral 
vessels, the axillary nerve and the sur^^cal neck, and upper part of the shaft of the 
humerus^ jnclLidiiig both tuberosities. Its owlrnorAorr/er is separated at its upper pari 
from the Pcctoralis major by the infracLvicuEor fossa, in which the cephalic vein and 
deltuid branch of the thumco-acromial artery lie ; tower down the twtj muscles are in 
contactr Its potiert^r hnnirr covers the Infmspinulus and Triceps. 

Nerve-Supply.—'I'be DeUotd muscle h supplied by ihc axillary' ncire (C. 5 
and ( 5 ). 

Actions .—Ths musek is capable of acting in parts or as a whole. The anterior 
fibreseo-opcraic with the Pcctoi^U major in drawing the arm forwards, and they can 
act as medial lutators of the humemSi The posU-rior fibres co-operaic with the 
I^tissimus dorsi and the I'erca major In drawing the arm backwards and they can 
act as latemi rotaiorB of the humerus. The multipennate^ acromial part is the 
strongest and most important part of the muscle. Aided by the Supraspinatus it 
raises the arm frum the side until the inferior part of the capsule of the shoulder 
joint is put on the stretchy k/hU retuining iht humfrus m tfu ^ b^dy 0/ 

the sc^ptih^ This point is of importance because it is onlv when the humerus lies in 
the scapular plant that scapular rotation can have its full effect in raising the arm 
above the head. Wficn the arm is acrively maintained in die position of true abduc¬ 
tion (p. 48^1, footnote)^ the acrumial fibres are strongly contracted, but the clavicular 
and posterior fibres are put on the stretch and function as stays to steady the limb 
and to prevent side-sway. While the Deltoid is dfccting this movement of the 
humerus on the scapula, the scapula iiself is being rotated by the coniinued actions 
of the Serratufl atUcrior and the Tripeiios. As already stated (p. 487), in the early 
Stages of abduction the traction exerted by the Deltoid musctc is in an upward direc¬ 
tion, but the head of the hiimcriia is prevented From gliding upwards on the glenoid 
cavity by the downward pull of the Sut>acapijlaris, Infraspinatus and 'Feres minor 
muoclcs, which come into action sj^nergically with the Deltoid. As a resixlt the 
Deltoid and i^uprospinams^ on the one hand, and the Subscapularis, Infraspinatus 
and Teres minor, on the other, constitute in effect a mechanical couple which ensures 
the perfect pErfomianct of the movemcni of abduction (p. 621), 

Apptied Atfaiomy^ — Th£ [deltoid atrophiets after injury to the axillary nerve^ and 
in this cunditiun dislocation of the shtnilder joint is simulatedj aa there is flattening 
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of thfi should^rr iwd a|ifi»r-ent promirnnoc of the acnimioii; the disrmcc between the 
acromion and the head of the bone b increased also, and the tips of the hn^n can be 
inserted between them. 

The subwapular fascia b a thin niernbrajie attached tn the entire idrciintferefice 
of the snbscapular fodsa, and giving origin by its deep surbcc to some of the fibres 

of the Subscapukris. ^ i l t. 

The Subscapalaris (fig. 596) Is a Urge, tnangular musek. which lilJfi the suti- 
scapukr fossa and arises from its medial ewo-thirds, indudijig tlie grooved area 
adjoining the latetal border of the ftcapub. Some fibres arise from tendinous 
lamina: which intersect the muscle and are attached to ridges on the bone ; othera 
from an aponeurosis which separates the muscle from the Teres major and the long 

Fic. The on the dorawn of the ^pule, and the ToDepf. Left side. 


Til* it* icetMli htt hm mr m 1*1^ amI az} 4 Hit lehmuofi hv b™ 

«movril ^afclJacf ihJIi Si Urgr* ftief dif the tMtoid mUKlc. 


head of the Tricep*. Tl>e fibres pass laterally^ pd, gradually converging, end in a 
tendon which ts inserted into the lesser tuberosity of the humems and the front of 
ihe capsule of the shoulder joint. The tendon of the muade is Bcparated Froin the 
neck of the scapula hy a large bur^, wluch communicates with the cavity of the 
shoulder joint through an aperiurc in the fibrous capsule. 


Rvlations.—^Thc wi^fmor t«i^nfe of this muscle fnnns a ccjnsidcrable part of the 
posterior wall of tbe tidk. Its lower und medial twmthirds are in apposition with the 
Serratus anterior, and iis upper and lateral ponion is related to the Cdr^wbrachialis 
and Biceps^ the axillary vewU and brachial plexus of nerves^ and the suUmpukr 
vessel! and nerve*. Itt pojterior surface is in mlaEion with the scapula and the capsule 
^ the shoulder joint. Its imeer border is in contact with the Terea major and 
LatUsimus doisL 

Nerves.— The Subscapubris ts supplied by the upper and Jow^er subscapular 
ncn'cs (C- 5 ^)* 
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*rhc fascia supra^spifiaU oompkto the osiscofibrou# ease in ^vhich the Supta- 
Bpinatus musdc ii Cental neUp and its deep aurfare gives dripn to some of the Bbres 
of the muselc. It is thick medially, but thinner laterally under the coraco-acrdmial 
ligament. 

The Supraspimitus {Bg^ 597) occiipies die supraspinous fossa p arising from its 
rnedtal two-thir^, and from the fascia supraspinata. The muscukr fibres p^ 
under the acronnion, and converge to a tendon which ctt>ssea the upper part of the 
shoulder joint and h inserted into the highest of the three impre^ions on the 
gieater tuberOfiiity of the humeiw ; at iis insertion the tendon is intinvatcly adherent 
to the capside of the shoulder joint 

Ncrve-3Upply%'—The Supraspinatus is supplied by the supraficapular nerve 
(C. 5 and 6 ). 

The fascia infraspioata covers the Infraapinatus muscle, and U Bxed to the 
borders of the infraspinous fo^ssta ; its deep surface gives origin to some fibres of that 
muscle. It is continuous ^dth the deltoid fascia along the overlapping border of the 
Deltoid. 

Tlte Infraspinatus (fig. 597) is a lliick imngnUr musde, which occupies the 
chief part of die infraspinous fossa ; it arises by fieshy fibres from the mediul two- 
thirds of the fossa, and by tendinous fibres from the ridgra on its surface : it also 
arises from the fascia infraspinata, whidi covei^ it and separates it from the Teres 
major and minor muscles. The fibra converge to a tendon, which glides over the 
lateral border of the spine of the scapula, and,, passing across the posterior part of the 
capsule of the shoulder joint, is jnserted into the middle impression on the greater 
tnixuosity of the humerus. The tendon of this muscle is somctimei separated from 
tlic capsule of the shoulder joint by a bursa, which may communicate with the joint 
cavity. 

Nerve-Supply.—The infraspinatus Is supplied by the suprascapubr nerve 
(C. 5 and 6). 

The Teres minor (fig. 597) is a narrow, elongated musdep which ames from 
the upper two-thirds of a nattened strip on the lateral part of the dorsal surface of the 
scapula, immediately adjoining the lateraJ border^ and frorn two aponeurotic 
laminie, of which one separates it from the Infraspinatus^ and the other from the 
Tercs major muscle« Its fibres mn obliquely upwards and hileraHy : the upper 
ones end in a rendon which is inserted into the lowest of the three impressions on 
the greater tuberosity of the humerus; the lower fibres are inserted directly into 
the humerus immediately below this impression and just above the origin of the 
lateral bead of the Triceps. I'he tendon of this muscle passes across, and is united 
witli^ the lower part of the posterior surfflcc of ihc capsule of (tie shoulder joint. 

Nerve-supply. *Vhfi Ttrrcs minor is supplied by the axillary nerve (C. 5). 

Actions.—The Subscapularis^ Supmspinatus, Infraspinatus and Terra minor 
conic into play during all movements of the arm and tiicir most important funetion 
is to produce n stabilising effect on the head of the humcrua, retaining it in its correct 
relationship to the glenoid cavity and controlling its tendency to skid (p» 4S7), In 
exercising this postural influence during the inlttal stages of abduction the Sub- 
scapubrifi^ Infraspinatus and Teres minor counteract the strong upward pull of the 
Deltoid and, aided by the Supraspinatus, caabic it to draw the arm away from the 
body, 

in addirion^ the Infraapinatus and Teres mbor^ in association with the posterior 
fibres of the Deltoid ^ act as Lateral rotators of the humerus and the Subs^pularis 
may assist in medial rotation when the arm Is by the side. 

l‘he Teres major (fig, 597) h 4 thick, somew^liat flattened muscle, which arioes 
from the oval area on tlie dorsal surface of the inferior angle of the scapula, and from 
the fibrous Bepta interposed betsveen the muscle and me Teres minor and Infra¬ 
spinatus I the fibres are directed upwards and laterally and end to a Bat tendon^ 
about s cm. long, which is iruserted into the medial tip of the bidpital ^oovc of the 
humerus. At its insertion ihc tendon lies bdund the tendon of the Lati^imus dursi 
miiode, from which it is separated by a bursa, the two tendons being, liowcverp 
united along their lower borders for a short distance. 

Nerve^upply.—The Terea major is supplied by the lower subscapular nerve 
(C. j and 6). 

Actions.—llic Teres major draws the humerus medially and backwards, and 
rotates it tnedialiy^ 
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IV, The Mu&cles of the Upper Arm 

Coracobrachialis. Bmckialis, 

Biceps {bracUii). Triceps. 

Th« brachial fascia^ or deep fiascia of the is cominuous with that covering 
the Deltoid and the Pectoralis iitdjor ; it Forms a chin, loose sheath for the muscles 
of the upper amp and sends septa between them i it is eoEtiposcJ of hbnes disposed 
in a dfcular or spiral direction, and connected U>gcther by vertical and obLiquc 
fibres. It is thin over the Biceps, but thicker where it covers the I'ndcps, and over 
the cpicondyles of tlie hitmerus: it is strengthened by fibrous aponcurosca, derived 
from the PectoralU major and Latis^fmus dorsi mcdinllVp and from the Deltoid 
laterally. On each side it gives o€ a strong sntcrmuaculai- septum ^ which is attached 
to the corresponding supracondylar ridge and epicondyk of the huniems. 

The tatera! intrrmmaihr septum excends from llie lower part of the lateral Up of 
the bicipital groove, along the lateral supracondylar rjdgc, to the lateral cpicondyle ; 
it is blended with the tendon of the I>eltoid^ gives attachment to (Jic Triceps behind, 
to the Brachiahs, Brachiorodialis imd Uxccn^r carpi nidiaiis longus in front, and ia 
perforated at the junction of its upper Rnd middle diirds by the ladid ner^'C and the 
radial collateral branch of the arteria prtjfunda bradiii. 'rhe meJiu! mtemuseufur 
ieplum, thicker than the preceding, extends from the lower part of the medial lip of 
the bidpitol groove below the Terts major, along the medial supracondvlar ridge to 
the medial cpicondylc ; it is blended with the tendon of the Coracobrachial is, and 
afFords attachment to tlic Triceps behind and the Bmchialis in fronL ft is perfor' 
ated by the ulnar nerve, ihesupcriof ulnar collateral artery^ and the posterior branch 
of the inferior utnaf colbtcml artery. 

At the dhow, the brachial fascia is attaclicd to the cpicondyles of the humerus 
and the olecranon of the ulna, and is contitiuous w 4 th the antebrachial fascia. Just 
below the middle of the medial aide of the upper arm, an oval opening in the fascia 
transmits the basilic vein and some lymphatic vessels. 

The Coracobrachialii {figs. 596, 59.S) U situated at the upper and media] part 
of the arm. It arises from tFkC apex of the coracoid process, in common with the 
tendon of the short head of the Biceps, and by muscular fibres from the upper 10 
cm. of thb tendon ; it h inserted into an impression, from ^ to 5 cm. in length, at 
the middle part of the medial border of the shaft of the humcrua betw-een the origi ns 
of the Triceps and BrachialLs. In the living subject the musde forms an incon 
spicuous rounded ridge on the upper part of the medial side of the arm and ibe 
pulsations of the brachial artery can be felt in the depression behind it. 

Rrladons .^—ii is perf&raif'd by the miacvhatiatteous wertc, and is in relation, m 
fr&nt^ with the BectorElis major abiv'e, and at its inserticin with the bmchiil vessels 
ind median nerve, which cross it; behnd, with the tendons qf the Suii^cftpulaTis 
Latlssimus dorai, and Teres major, the medial head of the 'rricep^, the humerus and 
the anterior circumflex hiimenil vcwels ; by its medmi hfirder^ with the ibird part of 
the ftxillnry artery, the upper part of the bt^chin] artery, the median and muscula- 
cutancoiis nerves i by its ^rder, w ith ttie Biceps and Brachial is, 

Nmrl^4upply.—Tlie Coracobrachialis is supplied by tlie musculocuianeous 
ntm (C. 7). 

Action.—The Coracobrachialis draws the arm forwards and medially and^ when 
the arm ii raised from die aide, it acta with tlic anterior fibres of the Deltoid to 
prevent side-sway [p, 619)^ 

The Biceps (brachU) (figs. 596, 598, 599), a long, furifom muscle placed on 
the front fif the ann* has received ita name from the fact that it haa t^vo heads of 
origin. The lAorf kend arises by a thick fLiitcned tendon from the apex of the 
coracoid process, in common witJs the Coracobrachialis. The kead takes 
origin within the fibnitis capnk of the shoulder joint. It arises hv a loo^ narrow 
tendon from the ^upraglcnoid tubercle □! [he apex of the glenoid casity, and is Ksn- 
tinumis with the gletmidal labium (p. 4.^5). T\k tendon oF the long head, enclosed 
in a wheat b of the synovial memhnine of the shoulder Joint arches over the head of 
the hiirnerua ; it emerges from the joint by pasising behind the transvetwc humeral 
ligament end then descends in the bicipital groove ; it is retained in the groove b\ 
ihfi transvcnic liumcral ligamrcnl and by a fibrotis expansion from the tendon 
of the Pectoral is major muscle* Each tendon la succeeded by an elongated 
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muscular bclly^ aud the two hellieSp alihougti do^Ly applied to each othetp can 
he readdy sepantted until within about 7^5 cm. c^f the elbow joinL Here they end 
in a Hattcned tendon which is inserted into the rough pgaierior ponion of the 
tubemsity of the radius, a bursa being inieiposcd bemcen the tendon and die front 
part of the tuberositjv As the tendon of the musde appmachca die radius it h 
tw'tstcd upon itself, so that ita anterior surface becomes lateral and is applied to the 
tuberosity of the radius at its inseruon. Opposite the bend of the elbow the tendon 
gi%'es off, from its medial side, a broad aponcumsis, named the bkipitai apmimrosk, 
which passes obliquely downwards and medially across the brachial artery and is 
continuous with the fascia covering the origins of the flexor muscles of the fore¬ 
arm {fig, 495). With very bttle force the tendon of insertion can be split down to the 
radial tuberosity, when it can be seen that the anterior portion of the tendon receives 
the fibres of the short h^d, and the posterior portion those of the long head, 

FiC. —A timnivcrw lEctkiii thrmiRh tbe upper ami at the junction of the 

proxifiu^t with the middle third of the hiimisrus. 
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A third he^d to the Biceps is occusiondly found, arising at the upper and medial 
part of the Bmchialia, with which it is bicndcdp and inserted Into the bicipital apo¬ 
neurosis and medial side of the fendon of the muscle l in mckst cases this additionaj 
slip lies behind the btachiid artcr^v In some iuBtanccs the third head consists of rwo 
slipsH which pass down, one ki front of, the ofher behind the ortery. 

Relations.—■'J'hc Biceps is overlapped above hy ihe Pectorairi major end Deltoid j 
in the rest of ita extent it is superhcial, being covered only by the fasciie And akin^ and 
it forme a conspicuous elevation on fronr of the ami. Ita long head passes through 
the shoulder jointk and ita abort head rests on the joint and on the upper pact of the 
humerus ; below, it lies on the HTachialis^ the musculoculantHJus nerve^ and the 
Supinator. Its mfdtulborder is in relation with the Curacobracbialla, and overlaps the 
bmcbial vessels and median nerifc ; its ialcrul border is in relation with the Deltoid 
and Brachioradi&ljs. 


Ncrvc-supply.^—The Bitcpa is ^lupplicd hy the muaculocutancous nerve {C. 5 
and b)f which gives a bnmeh to each belly of the muscle. 

Actions. —The Biceps is a powerful supinator of the forcanu ; it also flexes the 
elbow joint, and to a alight extent the shoulder joint. 'Ehrough the bicipitaJ apo¬ 
neurosis it is a tensor of the antebrachial fasda. The long head exerc^ downward 

E ressure on the upper end of the humcnis and so iielps to prevent the lie^d of the 
one from gliding upw^ards under the influence of the Deltoid. 
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Whtn the elbo^v is flcxt^ againfit r^lstaiicep the tendon of in^rtioit of the Biceps 
can be graaped beti^^cen the finger and thumb and the bicipital aponeiutiaia can be 
traced dovm from its medial edge to the deep fascia covering the origins of the Bexor 
muisdes of the forearm. 

Applttd Anaiomy .—llic long tendon of die £lkep& ia sometimes dislocated fmm 
groo^'e on the humeruii. When this occurs^ the arm is fixed in a position of abduc¬ 
tion ^ hot the head of the humenia can be felt in its proper position. The tendon can 
generally be replaced by Hevitig the forearm On die arm and rotating the limb. Rup¬ 
ture of the long tendon of the Btcepi may also take plaoe^ 

The Bmchialis (figs. 596, 599* 6™) covets the front of the elbow joint and the 
lower one-half of the hurneruSi It arises from th^ lower one-half of the front of the 
humerus^ commencing above at the insertion of tlie Deltoid, which h embi^ecs by 
tivo pointed processes, pmd extending below to within 3-5 on. of the margin of the 
articular aurlace, Jt also arises from the intcrtnuscular septa, but more extensively 
from the medial than from the lateral; it is separated from the loiver part of the 
lateral Lniermuscular septum by tlie Brachiontdialia and Extensor carpi radiolU 
longus. Its fibres converge to a thick tendon which ia inserted into the tuberosity 
of the ulna and the rough impression on the anterior surhiec of the coronoid 
process. 

Reiatioiu.—Tt is in relation, lu/rwtf, w ith the Biceps, the brachial vessels, musculo- 
ttiteneiius and medien nert^ca; AeAord, with iht humems and capsule of the elbow' 
joint ; by tie fwfder, vdlh the Pronalor teres, and with the medial intermuEkcuLar 

septum, w hich sepanues it frem the 'rricepa and the ulnar nen'e; by its latcr^ 
hQrdrr, with the mda'al nerve, nitlisl recurtein and the radial culbicra! hniii^ of the 
profunda brachii arteries, the nTtlchiuradiolis and Extensor carpi radklU longus^ 

FlO. 59^-—A CranavurK Hretjon though upper arm, a linlc below the Ruddie 
of the ah^rE of the hiztiierua. 
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NerVMuppiy.—The Brachialis k chiefly supplied by the musculocutaneous 
nerve (C. 5 a Eld 6), bu t its lateral part is innervated by the mdiul nerve (C 7] 
Action^—The Brachialis flexes the elbow joint. 

The Triceps (figs. 597 10 600), situated on the liaEdi of the upper arm, is of large 
Bize, and arises by thr«r heads (lorig, lateral and medial), hcn.ee its name. ^ 
The hfiiJ arises by a finltcncd tendon from the infraglcnoid tubercle of the 
scapula, t>cing blended at its upper part with the fibrous capsule of the shoulder 
joint ; the muacular fibres pass dowmwutds along the medial side of Uie lateral 
head and superficial to the media! head, and join with them in thetcn[!on of 
insertion. 
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The kiaJ arisee from a tiarrow ridge an rhc p>fltcnor surface of the shdfl 
of the humenjs, extending from near the Insertion of the Teres minor to the upper 
part of the radial groove, and from the lateral border of the humerus and rise lateral 
intemiusculir septum i the fibres from this origin conv^erge towards the tendon of 
insertion^ 

The medial iiead^ which is covered postcrjorly by the lateral and the lan^ Keafls, 
arises from the posterior surface of the shaft of the humerus, below the radial groove; 
it is narrow and pointed above, and extends from the insertion of the l^'eres niajor 
to within ^-5 cm. of the trochtca of the humerus; it also arises from the media] 
border of the bone and from the back of the whole length of the medial intermuscular 
septum. Some of the fibres are directed downwards to the olecranon, while others 
converge to the tendon uf insertion. 

The tendon of inserticin of the Triceps begins about the middle of the muscle. It 
Consists of tw o apOncurDtic lamiiue, one of vA’hich covers the back of tlie lower onc- 
half of the muscle ; ibe other is more deeply seated in the substance of the muscle. 
After receiving the attachment of the muscular fibres, the two lamellj^ unite above 

Fto. 600.—A mntverw tecKon threuKh the upper aim 1 a cm. pnoedmaf lo the 
medial epicondy £c of the humrms. 
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the elbow, and are inserted, for the most part, into the posterior pordoa of the upper 
surfitoe of the okenmon ; on the lateral side a band of fibres is condnued dow'n^ 
^vurds, over the Anconeus, to blend with the antebrachial fascia. 

The long head of the Triceps descends between the Tetes minor and Tcrca 
major, dividing the triangular space between these two muscles and the humerus 
into two smaller spaces, one triangular* the other quadrangular (fig. 597). The tri¬ 
angular space contains the circumilcx scapular vicssels; it is bounded by the Teres 
minor above, the Teres major bebw, and the long head of the Triceps latcniUy« 
The quadrangular space transmits the posterior citcumBcx humeral vessels and the 
axillary nerv^e; it is bounded by the Subscapularis^ the Teres minor and the 
capftifr nf the shmld^ ji>mf abovci the Teres major below* the long head of the 
Triceps medially^ and ihc humems laterally. 

The lateral head of the 'Friceps forms an elevation, parallel with and medial to 
the posterior border of the Deltoid muscle ^ it stands out promluezitly in the living 
subject when the elbow is extended actively. The fleshy mass which lies to its 
media) side, and disappears under cover of the Dekoid musde, is produced by the 
long head of the Triceps. 
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The Articuinris cybiU (Syfaaqctinf!iis!) the rmiflc given to a fciv fibres lA-^hich 
spring ffnm ihc deep aurfacr of the lower part of the 'rricepi^ tuid arv inserted into the 
pofttcrior part of the fibrous capsule of the elbow joint. 

NerveSi—The Trioepe is supplied by the radial nerve (C. G, 7, and 8 ). 

Aciiorts<—The Triceps is the great extensor nnuscle of the forearm. When the 
ami is extended r tlie long head of the muscle may assist in drawing the huenenjs 
backv^iirds and in adducting it to the thorax. The long head supports the under part 
of the capsule of the shoulder joints when the arm is raised rrotn the side. The 
ArtJCuJam cubiti draws up the posterior pan of the capsule of the cIIksW' joint during 
extension of the fortann. 

ApplUd Artalirmy.^Tht insertion of the Trit.'eps into the devp fascia of the forearm 
is of knponance in the optrstion of excisiau of the elbow, and should always be care¬ 
fully preserved. By means of it the patient is eimhlcd 10 extend the foreamii a move- 
men E which would otherwise be accottipllshcd msinly by gravity— that h to aayp by 
allowing the forearm to drop by its own weight. 

V- Tiie Muscles of ti€e Foreakm 

The amebracbial fascia (deep fssda of the forearm), contintioiis above with the 
brachial fascia, U a dense m^estment which forms a general sheath for tJie muscles 
in this region ; it Ls attached, behind^ to the olecranon and posterior border of the 
ulna^ and sends off from its deep surface numerous intermuscular septa. It gtvos 
origin to muscular fibres^ eapeci^Iy at the upper part of the medial and lateral sides 
of the forcartti^ and also enshcathes the difierent muscles; trana%Trse septa arc 
given off both on the anterior and posterior surfaces of the forearm^ separating the 
deep from the superficial layer of muscles. It is much thicker on the posterior than 
on the anterior surface, and at ihc lower than at the upper pan of the forcami, and 
is strengthened above by iendmous fibres derived from the Bicep in fronts and from 
tixe Tricep behind. In the region of the carpus there ait; two localised thickenings 
in the fascia, termed ihc Jlrx^r (p, 640) and cxtmsor retinnaiia (p. 641 I’hcse two 
bands rrtam the digital tendons in position and bo increase the etheiency of tiieir 
actions on the fingers. Apertures exist in the fascia for the passage of vessels and 
ncfvw I one of these apertures, of large suse and situated at the front of the elbow, 
transmits a venous communication which connects the superficial and deep veins. 

The antebrachial or forearm musclea consist of an anterior and a posterior group, 

t. The A.vnauoft ANTEBiiACHtAL Muscles 

These muscles are divided for convenience of description into tw^o groups, 
suprficlal and deep^ 

fd) Suptrffdai Gr^tup (fig. hoi) 

Pronator teres. Palmads longus. 

Flexor carpi mdialis. Flexor carpi ulnaris. 

Flexor digitomm suptificialis. 

The muscles of this group take origin from the medial cpkondvlc of the 
humerus by a commaji tendon; they receive additional fibres from"the ante¬ 
brachial fascia near the elbow, and from the septa whieh pass from this fascia between 
the individual musdes. 

The Pronator leres (figs. 601, 60a) has a humeral and on ulnar head of origin 
The humeral krad, the larger and more suprficial, arises tnunediately above 
ntcdial epicotidyle, and from the tendon common to the origin of the other muscles ' 
also from the intermuscular septum between it and the Flexor oirpi radiahs and 
from the onlcbrachial faseia. 'Fhc much smaller ulftar fund arises from the medial 
side of the comnoid prucMS of the uUsj below the origin of ihe ficxot digitomm 
superficiolis, and joins the humeral hearti at an acute angle. The median nerve enters 
the forrarm between the heads of the musek^ and is sc|^ated from the ulnar arcery 
by the ulnar head. The muscle passes obliquely oceiobb the fofeanri and ends 10 a 
flat tendon, which is inserted tnio a rough impression on the middle of the lateral 
surface of the shaft of the radius. The lateral border of the muscle fortna the medial 
boundaiy of the iriofigidar hollow which is situaicd in front of the elbow jobt and 
is Ecmcd the raiiW/om, 
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FlO, 60 Jh—T he nipct^ul flexor m-wsclc* of the left foreemi^ the palmar 
aponeunxii drnl the distal fibniiu Bexor iheithi. 
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N«:v€-9iipply.—The Proriattir teres h supplied by the medko nerve (C, 4 
and 7)* 

Actinmi-—'^rhe Pronator lerw rotates the ladiiis upon the ulna+ turning tlit palm 
of the hand bachvattis, i.e, it pronates the forearm and hand : it also helps to flex 
the elbow joint, when great force xa required. 

iliB Flexor earpt radialia (figs, 601, hoz, 605) lies on the iTieilkl side of Uie 
Pronator tcrcA. It ariiea from the medial epkondylc by the common tendon, from 
the antcbTaebial fasda, and from the intermuscular septa between it and the adjacent 
mnscLcs. Its fleahy belly ii fusiform in ehape and, rather more than holf^vay down 
the forearm, ends m a long tendon, which passes dirough a canal in the laiend part 
of the flexor retinaculum and occupies a j^oove on the trapezium i this groove is 
lined by a synovial sheath. The tendon is inserted into the palmar sur^cc of the 
base of the second metacarpal bone, and sends a slip to the base of the third meta¬ 
carpal bone, 'Hicsc bony attachments are hidden by the origin of the oblique head 
of dte adductor poUiciA (fig+ 617)^ In the lower part of the forearm the radial artery 
Uh between the tendon of this muscle and that of the BrachioradJnlis. 


FlO^ 602 r —A transverse seetiqn UiTQUHh the ifiTviiiln at ihc JtVcl of the radial tuhemity. 
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Nervc^opply.—Tlie Flexor carpi radklts h supplied by the median nen'^c 
(C. 6 tind 7J- 

Actions.— Acting w ith ihc Flexor carpi ulnaris. the Flexor carpi radialis flexes 
the w^rist^ acting with the mdifll extensors of the wrist,, it helps to abduct the 
liand (are <iko p- 634). 

The Paimaris longus (Bga. 5 oi, fi02, 616) is a slender, fustform muBclc„ lying 
on the medial side of the nexor carpi radialis. It arises from the medial epicondvle 
of the humerus by the common tendon, from the intermuscular septa between it 
and the adjacent muscles* and from the antebrachial fo^ia. It ends in a long slender 
tendon* which passes in front of the flexor retmacuhun, and b inserted into the 
smicrioT surface of the distal one-half of tins stnicture and into the central pan of the 
pdmar aponcuroaifl. frequently sending a tendinous slip to the short muscles of the 
thumbs Just above the wrist the median nerve lies deep to the tendon^ and projects 
a little beyond its lateral edge. 

This muscle is often absent, and is subject to very' considerable v'ariations: it 
may be tendinous above and muscular below* or muscular in the middle wiUi a 
tendon above and Mow ; it may consist of two muscular bundles with an inter¬ 
mediate tendon { or it may be represented soldy by a tendinoim band. 

Nerve-supplyi.—The Palmarii longus ia supplied by the median nerv^ (C. 6)* 

Acliocis.—The Palmaris bngua flexes the wriat. 
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The Flcjcor carpi ultiftrU (fip, 60602, 605) lie* along the ulnar side of the 
forearm- Ii amcB by two heacbp Immeral and ulnarp connected by a ttndiiiotis nrcli, 
beneath which the ulnar nerve passes dpT^Tiwards and the posTerior ulnar recurrent 
artery upwards. The Am// is very small and Jifises from the media] cpi- 

condyle of the humcnis by the common tendon; the utnar ftmd arises from the 
medid margin of the olecranon, and from the upper two^tbirds of the posterior 
border of the ulna by an aponeurosis common to it and the Extensor carpi ninaris 
and Flexor digitorum prohindus, and from the inicnTiiiscuJar septum hetwccfi it 
and the Flexor digitorum superiiciallj^. The fibres end in a tendon whieJi is formed 
along the antcmbtcral border of the muscle m its distal one-half and is maerted into 
the pisiform bone, whence it is prolonged to the hantste and fifth metacarpal bones 
by the pisohamate and pisomctacurpal lig^ents (p* 499); it is also attached by a 
few fibres to the flexor retinaculum. Tltc ulnar vessels and nen^ lie on the lateral 
side of its tendon of insertion. 

Ncrve-supplv-’—The Flexor carpi ulnarb is supplied by the ulnar nerve (C* S 
and T. i). ^ 

Actions. —Acting %rilh the Flexor carpi nidialis, tbe Flexor carpi utnaris flexes 
the wrist; acting with the Extensor carpi ubiaris, it is a powerful adductor of the 
hand. Both the Flexor and the Extensor carpi ulnaris come into ploy» as synergic 
muscles^ to prevent al>duction of the hand when the dtumh is uctivcLy extended at 
its carpo-mctaeaqial joint* In addition^ the Flexor carpi ulnarin fixes the pisiforni 
bone during abduction of the little finger. 

In the Living subject, when the wrist Is flexed against re&LStnnccp two tendons 
stand out prominently on its anterior aspect; the more lateral is the Flexor carpi 
radialls and the more medial is the Palmaria longuSp which lies approximately in the 
middle line of the limb. On the uJnar side, the tendon of the Flexor carpi ulnaris 
can be identified proximal to the pbiform bone. 

The Flexor digitorum supei^cialis (sublimisf (figs, fioj, fios, 605) is deep to 
the preceding muscles ; ii is thu largest of the muscles of the supcriicial groups and 
arises by two heads, humcTo-uhiar and radial. The ltum£rQ-iittiiir hrad arises from 
the medial epicondylc of the hiiTnerus by the common tendon, from the anterior 
portion of the ulnar collaieral ligament of tJie elbow joints from the inieimuacnlar 
septa between it and the preccdiiig muscles, and from the medial side of (he coronuid 
process, above the ulnar origin of the Pronator teres. *J‘he radml which is a 
thin ahcci of mnacIcH ari&es froni the anterior border of the radius, extending from 
the radial tuherodiy to the insertion of the Pmnator teres. 1 'be median nerve and 
the ulnar artery pass d/^wnvwards through the gap which intervenes bctivceji these 
two heads- I'hc muscle speedily separates into two simia of muscular fibres^ super¬ 
ficial and deep ; the superficial stratum^ which is joined on its latcreJ side by ihe 
radial head, divides into tw^o purts^ which end in icndont^ for the middle ajid ring 
fingers ; the deep stratum gives off a muscular slip to join that part of the superfidil 
plane which is assoemted with the tendon of (he ring finger^ and then divider into 
two parts^ which end in tendons for the index and little fingers. As the four tendons 
pass behind (he ficx/>r rctuiaL'nlum, they are arranged in paim, the superficial pair 
going 10 the middle and ring, the deep pair to (he index and litiJe ilngcre. The 
tendons diverge from one another in the palm and opposite the hases of the proximal 
phalangi's each dirides into two slips, tn allow of the passage of the corresponding 
tendon of the Flexor digiiorum profundus v the surfacea tif the two slips become 
neve reed and they then reumte, partially decussate^ and so form a grooved channel 
for the iixLgment of the tendon of the Flexor digimnim profundus. Finally the 
tendon divides and is ini$ertcd into the sides of tlie i^luift of the middle phalanx. 

Nerve-supply-—The Fle^ior digitorum superficiatis is supplied by the median 
nerve (C. 7 and S and T. 

Actions^ “Fhe Flexor digitorum supcrficialis flexes first (he middle and then 
the proximal phalanges. It can also act as a fiexor of the wrist. 

RcLations.— fn l/ir /orMJw. The Flexor digitckrum suiicrficialifi is covered by the 
Palmaris lungus^ Flexor caipi rad jails. Pronator ErachiDradJaLis, the radial 

artery and the mdifll nerve, ft is placed in front of the FltJEOr digitorum profundus, 
the upper parr of the ulnar artery, the medinn nerve (which is clodcly bound to it by 
fibro-arcobr tissue) anti the Flexor poflicis longus. ih^ aria, the tendons of the 
Flexor digitorum superficial is psss iKkind the flexor retinaculum, lying in frmii of the 
tcDdans of the Flexor digitorum profundus and sharing sk comnion synovial sh^^th 
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with tiicm (%* The Flexor poUids longus tendori and the median nem Ik to 

their lateral side. In ifit ftaitd, the tendons liu behind the pnlinjir aponeurosk, the 
superltdd palmar jwxh and the digital bmnehes of the inedkn and ulnar nervea* but 
in front of the tendanE of the Flexor diehorum profundus and the lumbricaJ muEcles. 


Derp Gnmp (%- 603 ) 

Flexor digitorum profundn^n^ Flexor poUicis longus. 

Pfonator quadratu^. 

Tlie Flexor digitorum profundus (figs, 6oz, 603p 605) is situated on the uJnar 
Side of the forearm, deep to the superfickl flexor^. It aris^ from the upper three- 
fourths of die anterior and medial surfaces of the shaft of the ulna, embracing the 
tnscrtiofi of the Erachidis above, and extendifig to within a short distance of the 
Pronator qttadratiis below. It also ariics from a depression on the medial side of the 
coronoid proojss of the ulna, and from the upper three-fourths of the posterior 
border of the bone by an aponctirosis, in common with the Flexor and Extensor 
carpi uliiaris ; it also springs from the anterior surface of the uiuar half of the inter¬ 
osseous membrane* Tht musek ends in four tendons, whicir run behind the Ikxor 
letinaculuni d«p to the tendons of the Flexor digitorum superhdali^. The portion 
uf the musete for the index finger is usually distinct throughout, but the tendons 
for the middle, ring and UltJc fingers are ctmnectcd together hy arenlyt tissue and 
tendinous slips, as far as the palm of the hand. Opposite the projctntal phalanges 
the tendons pass through the openings in the tendons of the Flexor digitorum 
superficiaLis and they arc inserted into the palmar surfaces of the bases of ihc distal 
phaknges. 

TIte Flexor digitorum profundus is responsible for the bntk of the Utaby 
election which can be seen in tJic living aubject on the dorsum of the forearm to 
the medial side of the fiul>cutanc?ouB dorsal border of the ulna. 

Ncrve^upply.—The medial part of the Flexor digitorum profundus is supplied 
bv the ulnar nerv'c and its lateral part by the anterior interosseous branch of the 
median nerv^e (C. 8 and /). 

Actions.—The Flexor digitorum profundus flexes the distal phabngea, after 
the Flexor dJgilorum supediciaUs has bent the middle phalanges 5, it can also assist 
in flexing the wrkt. 

Four small muscles, named the Ltimbricales, art connected with the ten dens of 
the Flexor digitorum profundus in the palm* and are de^crilied w ith the niiiscles of 
the hand (p. 649)- 

Fibrous sheaths of the flexor tendons.—After Icavmg the palm, the tendons 
of the Flexors digiiunmi supcrficulis et profundus lie in osseo-aptmeuratic canals 
(tigs. 614, 61b), formed behind by the phalangts, and in front by fibnius tvands, 
the fihFom sheaths which arch across the tend[>ns, and arc attauliod on each 

aide to the margins of the phalanges and to the ptmar ligaments uf the inter- 
phalangeal joints. Opposite the middle of the proximal and middle phalanges the 
bands arc very strong, and the fibres are tronsverae {amfur purf ); but opposite the 
joints they are much thinner, and i3>nfiist of oblique fibres (mirci/«i7fj part), E&eh 
canal is lined by a s^^itwial sheath, which is rrAccicd on to the containevl tendons. 

As the flexor tendons approacli dieir insertions they arc conticcted to the 
dnr^ parts of the enclosing synovial sheaths by iriangukr and thread-like bands 
of synovial membrane, Tliese bands, termed tinOila ieadinum (fig, 604), convey 
minute vc^uscls to the tendonSi and art of two kinds, (tf) vincula brevia an& 

(ft) vincula longm . t. - 

The hrnda, two in number in each finger^ are mniigular bands attached 

to the deep surfaces of the tendons close to their insertions ; one connects the tendon 
of the Flexor digitorum siipcdiciaiis to tbc from of the proximal intcrphakngcal 
joint and adjacent part of the proximal phalanx, and llic other the tendon of the 
Flexor digitorum profundus to the front of the distal inlcrphalsngeal joint and 
adjacent part of the middle phaknx. The t7j>i^tffd hngn are thread-like slips, of 
which two are usually attached to eacli teiulnn of the Flexor digitorum fiupcrficialis, 
and one Eo each tendon of the Flexor digitorum profundus* Those of (he Flexor 
digitorum superficialis are connected to the slips of that tendon where these fold 
ov^nhe tendon uf the Flexor digitorum pmrundu4&. and, passing one on each aide of 
the Utter tendon^ are attached to the sheath at the Lateral rmuglDs of the proximal 
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Fli;, 603 .—The deep of the feniit of the right rorcami. 
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end of the proxznul phaknx. I'hit of tljc tendon «f the Flexor diglio mm profundus 
is fixed !Q Ji5 tendon shortly after the? latter lui^ pkreed the tendon of the Mesor 
digitorum superfieialis. k runs upwards and Ivaekivards, perforates one of the two 
slips of the latter tendi>n, or passes between the two slips ; tlier^fter it blends with 
the vinculum breve of the Flexor digitomm superhoiaJis and is attsiehcd to the dorsal 
wall of the ayncvbJ sheath at the distal end of the proximal phalanx. 

The Flexor polticis iangus (figs. 603 ^ 613) is situated on the radiid side of tii:e 
forearm in the same plane as tiie Flexor digitonim profundus^ It anses from the 
grooved, anterior surface of the shaft of the radius, extending from immediately 
bdow the tuberosity to within a short distance of the Pronator ^uadratiis. ft aris^ 
also from the adjacent part of the interosseous membrane, and generally by a ftisi- 
form, fleshy alip from the medial border of the coronold process, distal lo the Flexor 
digitomm superficiaJis and Pronator teres* nr from the medial cpicondyb of the 
humerus. The fibrM end in a fiattened tendon, which passes behind the flexor 


Fio, 604-—A diwctiori of the Ulerul portion of thr liijhr hand ihowinR the tendam 
ttnd th? vineuk tendinum of the index Cinf^r uid the tnuielcG m th« fint inter- 
nvtacdrpAl 
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Tcdnaculum, ifl then lodged between the opponent pollicia and the oblique head of 
the .\diJuctnr poUicis, and, cntcKng an osseo-aponeurotic canal similar to those for 
the flexor tendons of the fingers, is inserted into tlie palmar surface of the baoc of the 
distal phalanx of the thumb. The anterior interosseous nerve and vessels descend 
on the front of the interosseous membrane between the Flexor pollids longus and 
Flexor digttomm profunduSr 

Nerve-ifiupply+^— TTic Flexor poIHcia tongus is supplied by Uie anterior Ln^cr- 
osseouB bnmeh of the median nerve S and r). 

Actions.—The Flexor pollicis longus flexes the phalanges of the thumb. 

The Pronator quailratua ffig. 603) is a flat, quadrilateral muAelc, extending 
across the front of the bivcr parts of the radius add ulna. It anses from the oblique 
rtdge cm the lower part of the anterior surface of the shaft of the ulna (fig, 3q»)» 
from the medial part of the anterior surface of the lower onc-fouith of the ulna ^ 
and from a strong aponeurosis which covers the medial one-third of the muscle" 
The fibres pass laterally and slightly downwards, 10 be Lneertcd into the lower 
onc-fourtl^ of the anterior border and surface of the shaft of tlic radius* the 
deeper fibres are inserted into the triangular area above the ulnar notch of the 
radius. 

Nerve-supplyv—The Pronator quadmtus is supplied by the anterior inter¬ 
osseous branch of the median nerve {C. 6 and 7). 

Action.—Despite its name this rouscle has only a very weals action ^ a pronator. 
The pfindpaj function, at least of the deeper fibres, ^vould appear to be to prevent 
separation of the lower ends of ihc radius and ulns when upward thrustis are trana- 
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mitted through the carpus. Such thrusts rtsult not only from falls or blow on the 
outstretched kuid but also from the pull of the flexor muscles of the wrist and 
fingers. 


2, Tirt FosTi?Pton ANTEfiHAcitJAt Muscle 

These muscles are divided for convcuicnDc of desciiption into two groups^ 
superficial and deep. 


(a) Stip^rjidal Group (fig. 609) 

BrachioradLolis. Extensor digitomm. 

Extensor carpi radial is longuEi. Extensor digiti mLnimi. 

Extensor carpi radialis bre^^s. Extensor carpi tiluaris. 

Anconeus. 

Tile Bracbioradinlis [figs. 601^ &02^ 605) is the most superfid&l muscle on the 
radial side of the forearm and forms the laicrul border of the cubital fossa. It arises 
from the upper two-thirds of the lateral aupracondykr ridge of the humcruSi and 
from the front of the lateral intermuscular septum. The tadiol nerve and the 
anastonriDsis between the artcria profunda brachii and the radial rcourfefit artery are 
interposed betw'cen it and the Brachioiis. The fibres end above the middle of the 
forearm in a fiat tendon which is inserted into the Lateral aide of the lower end of the 
radiuSf immediately above the styloid pmccss. The tendon is crossed at its insertion 
by the tendons of the Abductor pollids longua and Extensor pollicla brevia ; the 
mdiaJ artery is on its ulnar side. 

Nerve-supply.—-I'he Bradiioradialta ia supplied by the radial nerve (C. 5 and 6)- 

Actioru—'Fhe Brachloradialui is a Hexor of the elbow joint, but is supplied by 
the nerve of the extensor muscles, i.c. the radial nent. It acts to best advantage 
when the forearm is in the midpronc position and stands out prominently in the 
living subject when the semi-pronaied forearm ia ilexed against resistance. 

The Extensor crarpi radialia longua (fig^. 605* 6c^) is paitlv covered by the 
Brachioradislk. Tt aris^ mainly from the Tower onc-third of the lateral supra¬ 
condylar ridge of the humerus and from the front of the lateral intermuscular 
Septum^ but it receives a few fibres from the common lendon of origin of the extensor 
muiciea of the forearm. The muscle ends at the junction of the upper and middle 
thirds of the forearm in a fiat tendon, which runs along the lateikl border of the 
radius, deep to the Abductor poliicis longus and Extensor pollicis brmis; it then 
passes under cover of the extensor retinaculum, where it lies on the back of the 
radius in a groove immediately behind the styloid process. It is inserted into the 
radial side of the dorsal surface of the base of the second metacarpal bone. 

Netve^upply.—The Extensor carpi mdialis longus b supplied by the radial 
nerve (C. 6 and 7). 

The Extensor carpi radtalts brevis (figSr 605, 609 613) ia shorter iJmn the 
preceding muscle and is covered by it. It arises from the lateral epicondyle of the 
humerus, by a tendon common to it and the next ihrcc nuisclcs ; from tbc radial 
collateral ligament of the elbow' joint; from a strung apuncurusis which covers its 
surface; and frofti I he intermuscular septa l>ctwcen it and the adjaceni muscles. 
The fibres cud about the middle of the forearm in a fiat tendon which closely accom¬ 
panies that of the preceding muscle to the wrist; it passes deep to the Abductor 
pollicis longns and Extens^ir pulhcis brtvis muscles, then tinder cover of the extensor 
retinaculum, and is inserted into the dorsal surface of the base of the third meta- 
carpal bone, on Its radial side and distal to its styloid process, and into the adjoining 
part of the base of the j^cond metacarpal bone. L'ndcr the extensor retinaculum 
the tendon lies on the hack of the radius in a shallow groove, on the ulnar aide of the 
gnmve which lodges the tendon of the Extensor carpi radialis longuSp and separated 
from It by a faint ridge. 

*rht tendons of the two preceding musclea pass through the same compartment 
of the extensor rcrinaculum in a single synovial sheath. They can be identified on 
the back of the carpus in the living subject, when the fist is alternately clenched and 
relaxed, 

Nerve-suppty-—Tbc Extensor carpi radbles brevis is supplied by the poalerior 
int^osscous nerve (C. 6 and 7). 
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Action^*—Both the ptecedinj^ mtiscles act sj^crgicdly vdih the flexors the 
hngeri, and ihU action can readily be appreciated when the fist ia clenched* 
Working with the Exieasor carpi ulnaiis, they extend the wrist ■ woriung with the 
Hexor carpi radLalb. they abduct the hand. It should be noted that they are 
much oftener called into action as synergic muscles than as prime movers. 

The Extensor di^itorom (figs- 605, 6oq. 613) ar^a from the latcml cpicondyk 
of the humerus by the cuniimoo tendon ' from the intermuscular septa Mtween it 
and the adjacent muacIcSp and fram the anlcbnichial fascia. It divides below into 
four lendonSp which pass, together with that of the Extensor indids, through a 
compartmcni of the ortensor rerinaculum. within a common s>^ovial dieath. The 
tendons then diverge on the dorsum of the handp each proceeding to its own 
The tendon to the index finger is accompanied by the Extensor Lndteis, which lies 
on its uLnar side* On ihc l>ack of the hand, the tendons to the middle, ring and little 
fingers arc connected by two obliquely placed bands, the mrtritjfdinms amntxiottt, 
one from the third tendon passing downwards and laterally to the second tendon, 
and the other passing from the fourth to the third. (>ccasionally the secEind tendon 
is simiiirlv connected to Uie first. _ 

The insenjon of these tendonfi i& complicat^^ by the pre^nccp on the dorsum 
of the proxim^ phalanx^ of a fibrous expansion in the formation af which the lum- 
bric^^ interosseous and digital extensor lendona all participate. 

p ill, 605 r—A rninft>Tne thfoujth the miildk af thv left 


The i/orsu/ dipTtal f:xpunsha h a fibirniis membrane which covers the doraiim of 
the proximal phalaiix and the sidca of its base. It ts triangular in shape and Its base, 
which is placed proxfmally4 is closely applied to the dorsal and collateral aspects of 
the mctiicarpQphaIangcsi .1 jointp when the digit is extended. The extensor digitomm 
tendon li« in the middle of the expansion, with which it is blended, and i$ separated 
from the metacarpophalangeal joint by a «maU bursa (fig. fio6). The base of the 
expansion conned^ the extensor digiturum tendon on each side to the oorresiponding 
ijtterosscoua muscle, and ia marked by numerous transverae fibres. Between the 
tendon of the tumbrical and the adjoining intenoaseous muscle a short band binds 
tlie lateral basal angle of the expansioni to the deep transverse metacarpal ligament. 

The lateral border of the expansion is thicken^ and is formed by the tendon of 
the lumbricaJ muscle on the Lateral side and by the tendon of the corresponding 
interosseous musdc on the medial side. Between it and the extensor digitomm 
tendon the expausfon takes the form of a thin, translucent sheet (fig. 606). Aa it 
approaches the proximal interphalangeal joint the extensor digitomm tendon 
diridea into an intermediate part and two collateral slips. The former passes over 
the duraal aspect of the joint to be inserted into the base of the middle phaknx. 
Each collaieral slip is joined by the corresponding thickened border of the doraal 
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digital expansion, and the two lEcn conv«rge and unite m be inserted intti the 
dorsal aspect of the base of the distal plialanx. 

The expansion form^ a movabk hood,* which passes distally when the meta¬ 
carpophalangeal Joint h flexed^ and proximally when it is exicndcd. 

Ncrve^supply.—The Extensor digiioium k supplied by the posterior inter* 
□siccus nerve (C. 7 and 5 )^- 

Actions^—The trsetensor digitorum extends the fingera at the meiacaf|K>- 
phalangeal and interphalangeal Joints in opening the hand and relaxing the grip* 
When necessary^ it can assist in extending the w^rist* It ienda to abduct the index^ 
ring and little fingers as it extends them, but it has 00 corresponding action on the 
middle finger* 

When the movemcni of flexion of the metacarpo phalangeal Joint is combined 
with extension of the inierphalangcal JoiniSp as in the upstroke in writing or in 
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threading a needle (mate faahion), ihc movement of flexion, for which lumbricais 
and intcra$«ei are responaibk, effects sufficient relaxation of the digital Aexors to 
enable the extensor d'eitorum to extend the intcrphalangeaJ joints bv yirtue of its 
normal tonua.f tt should be noted, however, that the inicroesei, working over the 
distal border of the deep transvetw metacarpal ligaments, are nt« dUadvantageously 
placed to produce estenaion of the interphalangeal JoiniB through the medium of the 
dorsal digital expanaion, and can in fact be trained to do so in cases of radial palsy. 

The Extensor digit! miniini (fig. fio^) is a slender muscle, placed medial to, 
and usually connected with, the Extensor digitortim muscle. It arises from the 
common extensor tendon by a thin tendinous slip, and from the intermuscular septa 
between it and the adjacent muscles. Its tendon runs through a ^arate compart* 
ment of the extensor rerinaculum behind the inferior tndio-ulnar joint, then divides 
• ft, Bunnell, “/ liimd, J, B. Uppincott Co., and edition, tesg. 

t F, Bnithwailv, C. D. ChinTirli F.T, Moofcand j. Whillii,CiiJ'** J/wp. Rr^., 97,1948. 
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into two part* which te*uiiitc near the head of the fifth ThTd-SmTdiSS 

loincd bteratlv bv » rfip from the extetuor dij^tonint (fig. 609). The dorsal aiptu 
ixpansioo on'the proximal phalanx of the fifth d^t conforms to the description 

* ^erv^ppiy.—Ejttensor digiti minimi is supplied by the posterior inter- 

****^rtio^—The Extensor digiti minimi extends the little finger and can assist m 
extending the wrist. 

Fio. 6q7--The rimt fiivii»r disKctcd to show ^ tnd iw 

caurLCxioTk^ Viewed from ibe Utera^ *ipcct. 
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The Enen&or c*rpi ulnaris (fig^ 605, 609) arises from the lateral cpicondyk 
of the humerus, by the coirunan extensor tendon i bom die poeterior border of the 
ulna by an apaneurMis in common with the Flexor carpi ubiaris and die IHcxor 
digitonun profundu*; and from the antebrachial fasda. It can be idcntLlicd in the 
tiving subject inLinediatdy lateral to the gr^e which overlies the dorsal border of 
the ulmu U ends in a tendon which runs in the gvoove betu'cen the bead and die 
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ityloid process of the tilnn, p^ing through a separate oompartment of the extensor 
mtiiuiculitm. and i* inserted into the tubercle on the ulnar «de of the base of the 
fifth mctaeaTpal bone. . , . - , . . . 

Nerve^eupply.—The Extensor carpi uJnnns is supphed by the posterior im«-- 

osaeoua nerve (C. 7 >“4 , , . . 

Actions.—In association with the Extensores caipi radialcs, longus et hrens, 
the Extensor carpi ulnaria acts syneijpc^y with the flexors of the fingers in order to 
steady the wriat when objects are being gripped or when the fist is dent^ed. 
Acting with the Extensores carpi radiates, it extends the wrist; acting with the 
Flexor carpi ulnaris, it adducts the hand. 
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the muscles of the forearm 

FlC Mindcfl of ejttoezuor upect of forefl^i njpedici»1 Itiytx, 

(Fran Quitin^ft XI. EJitm-i) 
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The Ancoaeui (figy, 609* 610) ti a small, triangul^ mu^e 00 the of the 
elbow joints and appears to be a contaiuation of the ^ricepa. It arises by a sq>arate 
tendon from the posterior surface of the lateral epicondyle of the humenis; its 
fibrea diverge as they pass medially to reach the uliu^ covering the posterior aapeet 
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of the anular ligament. They arc inserted into the lateral shle of the olecranon, 
and upper one-fourih of the posterior surface of the shaft of the tilna. 

NervMUpply,—The .^nconeua ia supplied by the mdiai ocrt'c fC. 7 an j._ 

Action.—The Anconeus assists the Triceps in extending the elbow- joint and la, 
pTobflbly, partly responsible for the movement of tin? ulna in pronation. 

(i) Detp Croup (fig- bio) 

Supinator. Extensor pollicis brevis. 

Abductor pollicis longus. Extensor pollicis bogus, 

Extensor indicia. 

The Supinator ffigs. 603,6to. 611) aurrounds the upper one-third of the radius, 
and consists of a aupetflcial and a deep part . betMnen which the posterionntciioasMH* 
rerte passes (fig. 610). I’hc two parts arise in common—the suiwrficia] one ^ 
tendinous and the deeper by muscular fibres^ from the lateral epicondyle of the 
humerus i from the radial collateral ligamcni of the elbow joint, and the anular liga- 
mentofthesuperiorradlo-ulnarjoint; from the supinator crest of the ulna and from 
the posterior part of the triangular depression in front of it; and from a tendinous 
expansion which covers the surface of the muscle, 'fhe muscle is inserted into the 
lateral surface of the proximal one-third of the radius, reaching as bw as the iiwer* 
lion of the Pronator teres. The insertion extends or to the anterior and pMterior 
aspects of the radius, for the anterior and posterior borders of the bone incline 
medially at their tipper ends (p. 376) (fig. 393). 

Nerve-supply.— The Supinator is supplied by tne postenor interosseous nerve 

(C. 5 and (i). 

Actions.—The Supinator rotates the radius so as to turn the palm of the hand 
forwards. 

The Abductor pollicis lofigus (figs. 605, 6o(jp 610) lies distal tu Uic Supinator 
and m do^ly rclalcd to the Extensor polliclfi brevis. It arises from the lateral part 
of the poaicnor surface of the shaft of die ulna below the insertion of the AriKjncus^ 
from the idlerosscoos membrane, and from the middk one-third of the posterior 
surface of ihc shaft of the raJiiUS immediately adjoining the Insertion of the supinator. 
Passing obliquely downwards and latcmllyv it ends in a tendon (frequently two 
tcndons}i w^hkh Vxens in a groove on the lateral side of the lorvcr end of the radius 
accompanied by the tendon of the Extensor pollicis brevis, is inserted into the 
radial side of the base of the first metacarpal bone and gives a slip Xu blend with the 
origLn of the Abductor pollicis brevis. It fKcasfooally gives a elip to the trstpe^ium. 
Situated deeply above,, tt ci>ineft to the surface (fig- hog) at tlie junction of the lower 
fourth with the rest of I he forearm, where it forms an oblique elevation, readily 
visible III the living subject, 

Nerve-Supply.—The Abductor pollicis tongus ia supplied by the posterior 
interosseous nerve (C* 7 and 

Actions.^—The Abductor pollicis longua, acting with the Abductor pollicis 
brevis, abducts the thumb i acting with the Extensores polHcb, it extends the 
thumb at the carpometacarpaj joint (p* 502). 

The Emensor pollicis brevis (figs. (no} lies on the medial aide of, and Is 
cloacly connected with, the Abductor pollicis longus. It arises from the posterior 
surface of the shaft of the radius below that muadci and from the intcrosseoua 
membrane. Its directi on is similar to that of the Abductor pollicis longusp its tendon 
p^ing through the same groove on the latend side of the lower end of the radiui^ to 
be inserted intoi the dorsal surface of the base of the proximal phalanx of tlic thumb. 

Nerve-supply*—The Extensor pollicis brevis is supplied by the posterior inter¬ 
osseous nen'c 7 and 8)* 

Actions.—The Extensor pollicis brevis extends the proximal pliahmx of the 
thumb and, in continued action, helps to extend the metacarpal bone. 

In the lower one-third of the farearm the Abductor pollicis longus and the 
Extensor pnllicis brevis Income supc^cial by emerging between the Extensor carpi 
radial is brevis and the Extensor digitcrutti. They then run obliquely across the 
tendons of the mdial extensors of the wrisE cover ihe insertion of the Brachio- 
radudis, and, passing through the most lateral comparimcnt of the extensor retin- 
ftcutuni in a single synovial ^ihcath, cross superficial to the styloid process of the 
radiuA and the radial artery- 
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71 *^ ^**™*‘w longtu (figs. 609, 610) k lai^r thaa the Extenwr 

p^cu brevis, the origin of which it paray covers. It arises from the iatcral part of 
the middle one-third of the posterior surface of the shaft of the ulna below the oriKin 
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of the Abductor pollicb longus, and from the interosseous membrane. It ends in a 
tendon, which passes through a separate compartirtEnt of the extensor rtdnacutum, 
lying in a fmrrow, oblique groove on the back of the lower end of the radius, It then 
crosses obliquely the tendona of the Extciisorca carpi radialea longus et brevis 
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(fig. 610), fljid h ^eparatqd froni the Extensor poUicb brc\is by a mungular depres- 
ftioti when the ihiunh h fiiJty extended. Tim depreBsion contatns the tadiaJ artery 
and ia often termed the ' anatomical snuff^bo^c*" FinaMy^ die tendoti ift ingerted into 
the base of die distal phaJanx of the thumb* As it lies on the dorsal surface of the 
proximal phalanx the tendon I? joined on its literal side by an expansion fmm 

the tendon of insertion of the 
Fje, 611 .—Tht Hjiht tupinitnr rttUKlc. Abdiactqr pallieis brevia and on 

Foft^rre-lutciml ispecK. its medial aide bv a sinnilar 

expansion from the first Palmar 
interosseous muscle and the 
Adductor pollicis* 

Nerve-siipplyv—The Ex¬ 
tensor pollids lonj^s is supplied 
by the posterior interosseous 
nerve (C* 7 and S). 

Actions.—The Extensor 
poUids longiis extends the distal 
phalanx of tite thumb and^acdtig 
in association with the Extensor 
pollicis brevis and the Abductor 
poUicis longua, it extends the 
proximal phalanx and the meta¬ 
carpal bone. In continued ac¬ 
tion^ owing !o the obliquity of 
the course of its tendon^ the 
Extensor pollicU tongua adducts 
the extended thumb and rotates 
St laterally (p, 502}. 

The Extensor indiciH (fig. 
610) is a narrow, eloupted 
muscle, medial to^ and parallel 
with, the preceding. U arises 
from the posterior surface of 
the shaft of the ulna below the 
origin of the Extensor pollicis 
longus, and from the interos¬ 
seous membrane. Tis tendon 
passes under cover of the ex¬ 
tensor retinaculum in the com¬ 
partment which transmits the 
tendons of the Extensor did- 
torum; apposite the head of the second metacarpal bone it joins tlie ulnar side of 
the tendon of the Extensor digitorum which runs to the index finger. 

Nerve-supply.—The Extensor indicis is supplied by the posterior intcrosseouA 
ncrv^c (C. 7 and K). 

Actiofit.—The Extensor indick helps to extend the index finger and con assist 
In extending the wrisL 
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VL The Muscles w the Hand 

The muscles of the hand are subdivided into three groups i 1, those of the thumb 
which occupy the lateral aide and produce the thenar ^iftenre i those of the liiilu 
fijiger, wHicli ootnjm- the mcthiil lidc and give ri« to the hypinhenar t/niiifm:e‘ 
3, tJiCKc in the middle of the palm and betwern the metacarpal bone*. ' 

The flexor rvtimunilum (figs. 613, 614) « a Btrang, fibrous band Which crosses 
the front of the carpus and converts the concavity formed by the anterior surfaces 
of the carpal bones into a tunnel, through which the fleaor tendons of the digits and 
the median nerve pass. It is atUched, medially, to the pisiform bone and to the 
hook of the hamate bone; laterally, it splits into tivo lamirue. a superficial attadied 
to the tuhercte* of the scaphtjid and trapezium, and a deep, to the medial Jip pf tlic 
groove on the latter bone (fig. 613); with the groove on the trapezium the two 
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laminx fomi u ttiiincL Tvhich lined by a synovial shcjitb containing the tendon of 
fhc Flexor carpi radial is. M'hc retinacolum is enntinunus^ above;, with ihe fascia 
coveting the Flexor digitonjm supcrftcialis and also with tile general investing layer 
of the aniebTaehial U is cJie9e two layers which separate on reaching the 

irapcaium. The rclinaeiduiii is crossed superficially hy the ulnar vessels and nenx, 
and ihc pnlmar cutaneous branches of ihc median and ulnar nerves. On m palmar 
surface the tendE^ns of the Palmaris lutigus and Flexor carpi utnaris are partly 
inserted ; belowv it gi%'^cs origin lu some of the short muscles €>f the thumb and little 
finger. 

A localised thickening in the general investing layer of the antebrachial fascia 
which extends laterally from the pisiform bone is termed the sup^fidat pari of tki 
flexor rrimornItim. h crosses in front of the ulnar vessels and nerv^es and blen^b 
with the rest of the retinaculum on their lateral side, 

Thesynovtal sheaths of the tendons on the front of the wrist.—Two synovial 
sheaths envelop the flexor tendons as they traverse the carpal tunneh one for the 
Flexorcs digitorum superficial is ct profundus, the other for the Flexor pfjUicis longua 


Fic. 61 —Trnn*verse section, ps$»£ng through the d»ld end of the risht rndEua 
end ihe 8t>'li>id proctss of the rt^ilit uLrta, ntsde with the band and forcBim m 
full mpinatitjn. Viewed fnam the fHitat ftsprrt. 
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(fig» These sbenths extend into the forearm for about 3-5 cm, above the flexor 
retinaculum, and occasionally eommimicate with each other behind that structure. 
The sheath of the Flcxoi^ digitorum tendons reaches about halfway along the 
metacaipal bones, vk hcnc it ends in blind diverticula around tl'ie tendons to the index, 
middle, and ring fingers (fig. 614), It is prolonged on the tendons to the little finger 
and usually communicates with the digital synovial sheath of fliese tendons. A 
transverse section through the oirpus 613) shows that the tendons have been 
invaginated into the sheath from the lateral aide. The parietaJ layer lines the fieior 
retinaculum and the floor of the carpal tunnel and is Tcflectedt at the lateral side, on to 
the tendons of the flexor digitonitn superficioHs from in front, and on tn thiisc of the 
fiexor digitorum profundus from behind* On the medial side a recess of the sheath 
is insinuated between the tvifo groups of tendons for a variable distance. The sheath 
of tile tendon of tlie Flexor pollicis longus^ which may be separate or may communi¬ 
cate with the common flexor sheath behind the flexor retinaculum, is continued 
along the thumb as far as the imetiion of the tendom I'he fibrous sheaths envelop¬ 
ing the terminal parts of the tendons of the FIcxoics digitorum have already been 
descnbcd (p. 6jo). 

The extensor retinnculum (fig. 615) is a strong, fibrous band^ extending 
obliquely across the back of the wrist, and consisting of pan of tJ\c ancebrachial 
fascia, strengthened by the addition of some obliquely transverse fibres. It Ia 
attached, medially^ id the styloid process of the ulna and to the triquetral and piai- 
form bones ; laterally, to the anterior border of the mdius; and, in its passage 
across the wrist, to the ridges on the posterior surface of the radius. 
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The synovial aheaths of ihe tendons on the back of ihe wrist,—Deep w the 
extefisor retinaculum there are sis tunnels for the passage of the eiteftwr tcotions, 
each tunnel containing a synovial aheath. One is found in each of the following 
positions (fig. 6 is) ; (i) on the lateral side of the stylmd process of the rafi™, for 
the tendons of the Abductor poUids longus and Extensor pollicis bre™ ; {a)^liind 
the styloid process, for the tendons of the Extensores carpi radiales longus et brevis; 
ft) on the medial side of tlw dorsal tubercle of the radius, for the tendon of the 
Extensor polHds longus t (4) on the medial side of the latter, for the tendons of the 
Extensor digitonim and Extensor indicis; (5) opposite the inten'al betw'ecn 
the radius and ulna, for the Extensor digiti minimi; (6) between the head and the 
styloi d process of the ulna, for the tendon of the Extensor carpi ulnaria. The sheaths 
of the tendons of tlie Abductor poUicis longus, Extensores pollicis brevis ct bogus. 


Fio, 613,—A transverse KCtioft throuah the left wrist, ibewiiiir (he tendons and 
ihrir ijwviMl 
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Mctkin h ilifshlty obUque and flivklpl thr drelal row nf th? OH-pUa, anrd The 
bflSM cf the isecoiYd and third nnelvearpai banei^. Tht OtTnngemenl: of the 
l^ridon* of the flexiOrt of the hngerH ahoiAn in the figure j& not siiiiiirnimmMtic 
but irpr^^enta the tClllAl condition xt thij Icvch ifuif th* 

tn^laraFpftt fmfit q/ tbr thvmh k thal o^frotft thf f^ini tiit tmpr^um and 

ihw fcxie of iht ifoafid mfiat<ttpnl 


Extensorca carpi radSalcs^ and E^tensof carpi tiln^Hs slap ifnrnediatcly prosdmal to 
the bases of the metacarf^l bones, while tlTOse of the Extei\sor digitorutn, Extensor 
indict and Exicitfior digiti minimi arc prolonged to ihe junctLan of the pTOslmal 
with the intermediate onc-third of the metacarpus. 

The palmar aponeurosia (fig, 6i6) invests the muscles of the palm, and consists 
of central, lateral and medial portions. 

'E*hc central jEwrli&jf occnpica tbe middle of the plm. is tnangular In shape, and of 
great streapth and thieknesa. Ik apex la eontinnous with the distal margin of 
the flexor rttinnculum and (?ivc3 Inscniiin to the expanded tendon of the Faknatls 
longus muscle. Its base divides into fotir slips, one for each Engcr. The slips give 
off superficial fibres to the skin of the palm and fingers; those to the palm joining 
the skin at the furrow corresponding to tlit metacarpophalangeal joints, and those 
to the fingers passing into the skin at the transverM folds at the toots of the fingers* 
llie deeper psrt of each slip subdi\'ides into two processes which are continuous with 
the fibrous sheaths of the flexor tendons ; from the aides of these procures olfscts 
arc attached to the deep transverse mctacorpil ligaments. By t his arrangetnem short 
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channels art formed on the front of the heads of the metacarpal bones \ through 
these the flexor tendons pass. The intervals between the four slips transmit the 
digital vessels and nerves, and the teudoiu of the Lumbned muscles. At the poinia 


Fig. Si 4.— The synoviil abcaihs of the tendons on the front of the fighi iiriit and 
bind. Dwwimotic. {After |. C. Gfunt.]! 
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of dii^ion into the slips mentioned, numerous strong, trnnaveme flbres hind the 
separate processes together^ 'Fhe central part of the palmar apoueurosig is indm- 
atety bound to the skin by dense hbro-areolar tissue, and the proximal part of its 
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medial margin gives origin to the Palmaris brevis. It covers the superfic^ palmar 
ardi, the tendons of the Flexores digitonun, titc terminal part of the median nerve, 

and the superficial part of the ulnar nerve. _ i * at i 

The lateral »nd medial parthta of dw palmar aponeurosis arc Ihui, Bbroiw laycm 
which cover the muscles of the ball of the thumb and the short muscles of the little 


Fic. 61 ?.—The tynoviil shnith* of th* lenJom on the bs^ of ^ wi^. 
(ESdued dll a epcciniCTi pnrpiirtd for the original drai^fitig by J. C- o. Orant-) 



/«■ tjiiwtor 

iltdicu mm* 


€dtrpi 

^xienKf earpi mliAUt 
hnvi* 

f zltfiwr ftdUcii ftrVF** 
IcJuia* 

/iJWfnelor p<rflu!iii tonau* 
feUoKonr 


4 A« 2 iu;lor 

fHIBINII 

ttn 


idna-rif m. 


A'xfp j¥^;.T ref ill- 


JSW —Hw ■i-navinl iliMmlhi i« *1™™ li* buf lllii" KtW WK htay Eolwnd thfT 

Lb dew iHt wimBor reuiMciitani. , In ™ ihddi Jim deep le 

inothefn th4 mMiiM of tht ibcaiba m uuiieeiBd bf lh« hnikfli tlwi. 


finger, respectiwly; they arc contmuous with llie central portion and with the 
fasda on the dorsum of the hand. 

A septum passes dotsally from each larder of the central p^ion of the palmar 
aponeurmis. llit: medialpitlmar teptum lies close to the lateral side of the Opponens 
dwti minimi and reaches the palmar surface of the fifth meta^pal bone. At its 
distal end it is continuous with the ^ip of the palmar aponeurosis to the medial side 
of the fibrous sheath of the little finger; at its proximal end it reaches the hook of 
the hamate bone and the pisohamate ligament and is pierced by the deep branches 
of the ulnar nerve and artery. The fuferaf palmar septum prasses dorsally fram the 
lateral border of the central portion of the palmar aponeurosis to reach the palmar 
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Wirface of tht; first metac^al bone. It lies along the medlsl side of the Flexor 
brevis aod Oppaocns pollicis muscleSp intenxning between them and the Flexor 
poll ids Longus tendon and its synovial sheath. At its proximal end it reach^ the 
tubercle of the trap<yz[urrt and is pierced by the branch from the median nen-e to the 
muscles of the thenar eminence. 

The fascial Spaces of the palm.—'llic central part of the palm, which lies behind 
the centtal portion of the palmar aponeurosts and between (he btcral and medial 
palmar septa, is further aubdiv-lded into medial and Uteml parts by a thin Inrerm^iate 


Fig, 616^—The left r4lmflr aponeuemisH 
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palmar septum. The medial am hiiA been termed the ntldilU palnitir ifHfcr and the 
latemi area the ih^ar tpactr 

The interrwdiau pafmar t^tum lies between the flexor tendons of the index finger 
on the bteml ^ide and the second liunbrlcal muscle on the medial side. At it? distal 
end it is continuoui with tfic slip given by the palmar aponcumais to the medial side 
of the HbrtniA aheath of the index and (he adjoining deep transverse mcracarpal liga¬ 
ment, Dorsady, it blends with the fascia covering the distal part of the second 
Palmar interosseous muujc and the fninsverec head of the Adductor poUieJs, and it 
can be traced medially on the latter muscle to the third metacarpal bone. Anlerbrlyp 
it is attached to the deep surface of the palmar apaneuro^is^ but at its pntximal end it 
meets the common flexor synovial sheath and blends wilh the connective tissue on its 
posterior surfflix. It should be stated unequivocally that, as an onstqmjcal enttti^ the 
inttfimcdlate palmar septum is cKteedingly dioappointiUK^ However* h would appear 
that when pm? accumulates cn either side of it* the adjoining areolar dsaue is compressed 
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«L>!iiinst ii und helps It to form an effective septont, capable ordctermming the ilircctiem 

of pn/rnar Jiporr lies bew-een the medial jMlmar 

mediate septum. Its domal vimll U formed by the 

honts, bv the fMcia eoverina the Imemsscoos muscles m the third md fourth spat^. 
and by ihn fascia covering the medial part of the tmnsveti* Iwad of ‘^c Adductor 
potlich. its anterior wall is formed by the ccrriml ^mon of the P* 
wd proximally. by the common flexor synovial sheath. The m^iddlc palmar spew 
conmfns the fliiorUdons of the fifth, fourth and third fingers, the third and 

sMond liimbrimi muscle*, the superficial palmar arch and the digital ves^ls ^ 
for the fifth, fourth, third and ulnar side of the ,o^x finger. Dis^Jf. the 
municaies with the swbcuianefHiS tissues at the webs bctw'een the fingers, praxin y, 
it may extend upwards dorsal to the common tlexor svitoviiil sheath. 

tL tbfmir tpace ties between the lateral and the 
Dorsally, it is bounded by the fawaic coyerntg the transverse head of the Adductor 
pollicis and, beyond its lower border, the first Domt interosseous muscle. AiUerioTl^ 
ft is bounded by the palmar aponeurosis. 1 1 coniam* the Flexor pollins lon^s tendon 
and its aynovial aheath, the Flexor tendons of the index finger and the firtt Lumbn^ 
muscle, and the palmar dilptal vessel* and nerve* of the thumb and radial side of the 
index finger. Distally the space communkaies witli the subei^neous tis*i«a of 
the web of the thumb; proximolly it extends upward* behind the flexor 

'^''^jc'si^rficial transverse rtietaearpal ligament fotnis a thin bruid <fig. 6t6) 
whicb siretchcs across the roni* of the Riigtra in the superficial fascia, and is attached 
to the ikin of the clefts, and medially to the fifth metocarpal hone, foiming a sort ol 
rudimentary web. Hie digital vessels md nerve* pass deep to these fascicub, 

-tpfcfiVrf Jiiafainy.—Tlic palmar aponeurosis i* liable to undergo contrMtlM, 
DtfHlucins a very inconvenient deformity known as * Dupuytron s extraction, l^e 
nng and linlo fingers are most frequently implicated, but the ^hets may also be 
inmlved. 'l*hc proximal and middle phalanges become progressively Hexed and emnot 
be stmijditcncd J but the distal phalanx, which i* thus brought into contact with and 
pressed against the palm of ihe hand, may eventually hyperextended. 

Owing to their consaint exposure to injuiy and septic iMueni^, the fingers w 
verv liable to become the seat of serious inflammatory iniwhief. In some coses, ih* 
inlUmmation may involve the sheath or theca of the flexor tendons, and my spread 
ranidlv upward* along it i but the extent mil depend upon the particular digit 
inv^olved. From the deacription of the Hexor sheaths given abwe, it will be evident 
^at inflammation of the synovial sliralhs of the thumb and little finRer may prove a 
far more fonnidable affection than that of the olher three digits, because the sheath* 
of these two digit* communicate with the large aynovial sheath which surrounds the 
flexor tendon* (p. 641) and the inflammatitm may extend into the palm of the hand 

and behind the flexor retinaculum into the foreufTn. 

Chronic inf!imitn*iioii of the conwricin flexor sheath is occ^ionally met vntn. 
constituting a condition known a* eumpound pttimar gaitgUtta i it presents on hout- 
elasa outline, with a swelling in front of the wr»t and another in the palm of the bwd, 
and a eonstriction, corresponding to the flexor refinaculum. between the The 

fluid ron be forced from the one swelling to the other behind the retinaculum, and 
when this is done a creaking sensation is sometime* perceived, from the presence of 
' tnclon-secd ’ bodies in the interior of the ganglion. 


I. TtlE L.lTE!tAL MUSCLiS OF T 1 IB PaLM (figs. 617, 618, 619) 

Abductor pollicis brevis. Flesor pollicis brevie. 

bpponena pollicis. Adductor pollicis. 

Tlic Abductor pollicis brevis (fi^. 619) a thin, subcutaneous muscle which 
occupies Uw redial part of the thenar ^inciiee; its chief origin is from the flexor 
retinaculum, hut a feW' fibres spring from the tubercles of the scaphoid bnne and 
trapezium and some arise from the tendon of the Abductor polltcis loiigus fp, 638), 
Ita medial fibres arc inserted by a thin, Hat tcntlon into the radial aide of the base of 
the pmximiil phalanx of the thumb; iu lateral fibres join the dorsal digital expansion 

of tiic thumb. , . . 

Nervc^upply*^—^I’hc Abductor pollicis brevis is supplied by tlie lateral terminal 

branch of the median nerv’e fC. S and T*. i). 

Actio ns.-^The Abductor pollicis brevis draws the thumb forwards in a plane 
at right angles to the palm of the hand and rotates it medially. Yhe movement 
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decora prinmiLy at the metacarpi>phaldji^.sil joint and sccond^uily a| the carpo-^ 
mctmrpal joints so that m fall abdiicdod of the thumb the digit is not in lini: with 
its mctncarpal bone. 

The Qpponens politcis (hgs, 617^ 6tS) is placed unpfer ouver of tlic Abductor 
polLicis brevis. It arises from the tubercle of the traperium imd from the Rexor 
rednaculum, aod is inserted into the whole length of the btcml border^ and the 
lateral one-half of the palmar stirlace^ of the metacarpal bone of the thumb, 

Nerve^upply.—The Opponens pdLlicis is supplied by the ktcial termini 
bnmeh of the median nerve {C. 8 and T^ i). 


Fig. '6i 7««A disaectiefi of the Irfi htnil to the fir^t piiltiiar intDrcusMMii- mui^e 
{deep head of the Plextor pollicu hpevis). 
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Alfi.— The jbductisr md tbe Ac^iir prilJIkk bftvb hAW bi«n dJuriMUd i4» ihm Uttnl lU*. 


Actions.—The Opponens potlids flexes the fnctacarpal bone of the thumb, 
i.c. bends it mcdblly across the palm of the hand, and rotates it medially (p. 501)- 
By this combination, which is termed opposition+ the palmar surface of ti\e dp 
of the tliumb can be brought into contact with the palmar surface of the tip of 
any of the fingers, flexed at its mmcaLrpophalangeal joint. 

'rhe Flexor poLHcis brevis (fig. di^) lies on the ulnar side of the Abductor 
poUicis brevis. It arises from the lower border of the flexor retinaculum and the 
lower pan of the tubcrcfc of the intpexium ; it passes s^hng the radial side of the 
tendon of the Flexor pollids longus, and h inserted into the radial side of the base of 
the pnoxiinal phalanx of the thumb - in its tendon of insertion them is a sesamoid 
hone. It rs frequently more nr less blended with the medinl border of the opponens 
pollids, 

Ncrvfr-aupply,—The Flexor pollicia brevis usually nnicrics a double nerve- 
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supply,* one from the lateral tcnnkial branch of the median nerve (C, 8 and T. 1) 
uid the other from the deep branch of the ulnar nerre. Not iofre^uently tl is 
supplied by the median nerve only, and in a few eases its sole supply is denved from 

the deep branch of the ulnar nerve. . , , , , ^ l l 

Actions.— The Flexor pollicis hre\ is flexes the proximal pManx of the thumb 
and, continuing to act, j t flexes the metacarpal bone and mtates it medially (p, 502). 
In the latter movement it co^peFaiEs with the Oppoiicfi# pollicis tnuscle< 

'Hie Adductor pollicis (fig* 6(8) arises by two heads, an oblique and a trans¬ 
verse, The ot/ijwr head arises from the capitate and trapcaoid bones, the bases of 
the second and third metacarpal bones, the palmar ligaments of the carpus and the 
^leath of the tendon of the I* lexor carpi radialia. fiifost of its fibres converge to jl 
tendon, which, uniting with the tendon of the transverse head of the Adductor, is 
inserted into tlic ulnar aide of the base of the proximal phalanx of the thumb, a 

Fio. 6rtt—A dissection of ihe rtith' ilwwina the Opponent polliris and 
Opponent digiii minimi muscle* »nd the two head* of the Adductor palhcii. 
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Sesamoid boftc btmg presrfit in the tendon, Somi: of ita df!trpwt fihm may p^ss 
mto the medijU aide of the dorsal digital cxpiinsion of the tfiumb. A cotialderabk 
fajeictilu^ passes deep to the tendon of the Flexor polUcls longus and 

joins the Flexor pollicta brevk and the Abductor pollicis hrevia. Tl^c tfmwcrse 
head (fig. 6ilf) is the meet deeply seated of titis group of mtisclca. It h of a tri~ 
anguinr forai^ arid artsta from the distal two^tlurtis of the palmar surface of the 
third metacarpal bone; the Bbree converge to be inserted, with the oblique head 
of the muscle and witli the first palmar inkrosscous miiaclc, into the uliiar side of 
the base of the prootiinal phalanx of the thumb. 

NerVMUpply-—-The Adductor poUicis is supplied by the deep branch of the 
ulnar nerv't R and i)h ^ 

Actioru- ’The Adductor poliicia approxin^tes the thumb to the palm of the 
hand and it acts m greatest advantage when ilie abducted and liesed thumb is 
opposed to the fingers in gripping. 


2 , The MEDfAt Muscles of thk Pai.m (figs. 6ib, big) 

Pidmarift brevis* Flcrxor digiti minimi brevis* 

Abductor digiti mirnnu. Opponent digiti mi nimi . 

• T- Hcwntrctf, J, Sam-. 31-B, tgi49. 
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The FatmaniS brevis (fig* 616) a thin, qundrikteny nfLUficlc, placed beneath 
the skin of the ulnar side of the Land, li arises from the flexor rTtinaculnm and 
from the medial border of the central part of the palmar aponeomsis t it is Inserted 
into the skin on ihe ulnar border of the bandi. It covers the ulnar artery and the 
superfidal tcmiina] branch of tltt ulnar nen^e, 

N'ervMupply,—The Palmads bievis is supplied by tbc superficial branch of 
the ulnar ner^^e. 

Aclioti^—The Palrrtaris brevis ^viinkles the skin an tlie ulnar aide of the pabn of 
the hand and deepens the hollow of the palm by accentuating the prominence of tlie 
hypoihena r eminence- I n this way it contributes to the a£Cu rity of the pd mar grip. 

The Abductor minimi (fig. 619) is aituated on the ulnar border of the 

palm of the hand. It arises from the pisiform bonct from the tendon of the Flexor 
carpi uinaris and from the pisohamaie ligament* It ends in a fiat tendon which 
divides into t^vo alifjs ; one h inserted into ihc ulnar side of the base of the proximal 
phalanx of the little finger^ the other into the ulnar border of the dorsal digital 
expansion of the Extensor digid minimi, 

Actioni—The Abductor digiti minimi abducts Uie proximal phaknx of the 
tittle finger. 

The Flexor digiti minimi brevis (fig. 619] Ilea on the radial side of I he pre¬ 
ceding muscle. It arises from the ctinvex aurlace of the hook of the hamate bone 
and the palmar surface of the flexor retlnacuLim, and is inserted into the ulnar side 
of tlic base of the proximal phalanx of the little finger with the *Abilucti:ir digiti 
minimi. Its origin bs separated from that of the Abductor by the deep htoiiches of 
the ulnar arteiy' and nen.-e. This nmscle niiay be watningt or may be fused wath the 
AlKluctor. 

Actions.—llie Flexor digiti minimi brevis Ilexes the proximal phalanx of the 
little finger. 

The Opponent digiti minimi (fig, 61S) is of a triangular fonti, and placed 
under cover of the Flexor and Abductor* It arises from the convexity of the hook 
of tbc hamate bone, and contiguous portion of the flexor retinaculum : It is inserted 
into the whole length of the ulnar margin of the fifth metacarpal bone. It is often 
divided into two kmellac by the deep branches of the ulnar artery and ttcnx. 

Action.—The Oppanens digiti minimi draw's the fifth metacarpal bone fonvarda 
and rotates it laterally, so as tn deepen tlic hollow of the patm» 

Nerve-supply*—^Al[ the muscles of the little finger are supplied by the deep 
branch of the ulnar neo'e (C* ^ and T* i)l 

3. The Intemiediate Muscles 
LumbricalcSp Intcros^ch 

The Lumbrtcales (fig. 619) ore four small fleshy fasciculi which take origin 
from the tendons of the Flexor digitarurn profundus. ^Fhe first and second d/isc 
from the radial sides and palmar surfaces of the tendons of the Index and middle 
fingers respectively; tbc tliird, from the contiguous sides of the tendons of the 
middle ring fingers; and the fourth. From the contiguoofl sides of the tendons 
of the ring and little fingers. Each posses to the ndial side of the corresponding 
finger, and Is inserted pmly into the base of the proximal phalanx, but mainly into 
the lateral marg:iti of die do^ digital expansion of the Extensor digitomtn covering 
the dorsal surface of the finger (figs, 607, 6o3). 

Nerve-supply.—The first and second LumbHcats Jire supplied by the median 
nerv^e (C* S and T* i) \ the third and fourth LutnbricaJs by the deep tertninaJ 
branch of the ulnar nerve (CL S and T* i). The third Lumbrical frequently rccdvea 
a twig from the median nerve* 

Actions,—The Lumbricah, acting in association with the interossci^ flex the 
digits at the mctacarpoph&langcal joints (sre aiso p. 635). In doing so they exercise 
tr&etion on the tendons of the flexor dlgitorurn profundus. In certain circunistaiices 
the Lumbrjeais alone can extend the interphakngeal Joints* 

[t may be noted that when the middle, ring or little finger is flexed fully at the 
metacarpophalangeal and the proximal interphalangeal Joints, its distal phalanx can 
neither be flexed nor extended by voluntary effort so long as the other fingers arc 
kept extended. The inability to extend the distal phalanx under these conditions is 
due to the fact that^ owing to the way In w'hjch the extensor digitomm tendons arc 
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inserted^ the tcnniiial phalerpc can be extended only ^hen the middle pLiil^x ^so 
i& extended. The inabiUty tn fles the diatd phaknx ia probably due to the fact Uiat, 

Fio. 6*aH— SupcriidttI direction of muacle* of the palm of iIk band, 

(From Omfii'a v^nu/owy, XI- EdUkm.) 
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with the exception of the tendon for the index fingett the tendons of llic Flexor 
digitonim profundus do not become free until they reach the hand (p, 630), so that 
it is net tidtil the other fingena arc fIcMcd that the phalanx oonocmed can be brought 
under cdoimL 

The Interostei occupy the Lntctvrals betiATcn the n>ttacarpa! hones, and are 
di%^idcd into a dorsal and a palmar set. 
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Th« Taterossei doFsales (lig, 620), four in number, arc bipennatie muscles^ each 
arising by tT.\o heads from the adjacent sides of the metacarpal bones^ but more 
wlensivcly from the metacarpal bone of the fin^r into which the rnuscic is inserted. 
They sire Lnacrted Into die bases of the proximal phalanges and into the dorsal 
digital expansions (p. 634), Ikt^vcco ihc double origin of cadi of these musclea 
there is a narrow triangular inter^'al; through the first of these inten als the radial 
artery passes; through each of the others a perforating branch from the deep 
palmar arch is transmitted. The fintf and largest^ is somctiines named the Ahductor 
indich \ it is inserted kW/j* into ihc radial side of the proximal phalanx of the index 
finger, 'Fhc recoW and Shird arc inserted into the middle finger, the former inio 
its radialp the latter into its ulnar aide. Whereas the second is generally inserted into 
the digital expansion and into the proximal phalanx, the third is usually inserted into 
the digital cspansiDn only (fig, 606). "I hc fourih, too, may be w holly inserted into 
the digital expansion but it often sends an a<3ditirjDaJ slip to the proximal phalanx. 

The Intcrossei palmares (fig, 621 )p four in number, are smaller than the Dorsal 
mterosMip and arc placed upon die palmar Sitirfaces of the metacarpal bones^ rather 
than between them. With the exception of the fim, each arises from the entire 
length of the metacarpal bone of one fingeti and is inserted into the appropriate aide 
of ihc dorsal digital expansion. 


I jo^ D&txstI fntcresveaus fuujelca He, tii..'^The Piiinmt intcrossMua miLselci 

af the lere hmiil. Viewed from in (nanc of the left hand, Virvicd from in front. 



'Fhe first (formerly knoivn as the " deep head of the Flexor pollicis brevis ") arises 
from the ultmr side of the palmar surface of the base of the fim metacarpal bone 
and is inserted, in common with 9 part of the oblique head of the Adductor pt4licb,t 
It lies in front of the lateral head of the first Dorsal interosseous muscle, and is 
covered by the oblique head of the Adductor potheis (fig. bt?)- I'hc tecontt arises from 
the ulnar side of tlie second metacarpal bone, and is inserted into the same $idc of 
the digital expansion of the index finger 'I’hc third arises fnim the radial side of the 
fourth metacarpal bone, and Is inserted in common with the third Lumbrica] (figs, 
6c8), ^Ihe /ourth arisea from tlie radial side of the fifth metacarpal bone, and 
is inscrtetl in common with the fourth Lumhricah The attachment of these 
muscles to the base of each dorsal digital expansion (fig, 607) ensures the stability of 
the extensor tendon on the convexity of the head of the corresponding metaca^ai 
bone during the movements of flexion and extension at the meiacarpophalangeal 
joint, 

* C, It. Sabbury^ J, 71, 

f J, Rl Nspicr^y. B6, 
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Nervwiuppty.-Botti Dorad arJ Pjilmar IntcrosiKi are supplied by the deep 

="rf 7 ,"T, 

drawn loiiiaitudiimlU- through the centre of the rniddle hne<r; and the 
inierossci adduct the fingcre to that line («e P- 5 ®?)- Interosset, in 

tiott with the Lumbricals, Ilex the projdmal phalanges; m consequennf of their 
ll^rdons into S digital espansions they- are able, under «rtain eondiUora 
(p. 635). to extend the middle and distal phalang^ The first Palmar interosseous 

flexes and adducts die proximal phalanx uf the thumb. ,,, , , ,l«-, 

Clinieal aburvatiom itulicale liiat all tht smatl mmctei 0/ the hand ttcerse ihfit 

mt^ior iruicrvistion from T. i. 


TRE FASCI/E AND I^lLiSCLES OF THE LOWER LIMB 

I'He mu&ctca o! the lower limb are subdivided inlCJ gTuups correftpondmg with 
the differcru regions of the limb* 

L Museles of the iliac region. III. Muscles of the leg. 

11 , Muscles of the thigh* IV. of the foot 


I, 1 HE MUSCUSS Of THE ILIAC ReGIDM {fig- 6z2} 

Psoa£ major. Psoas minor* IliacuSi 

The fAi&cia tliaca covers the Psoas and lliacus. k is thin abov^^ hut becomes 
gradually thicker as U apprcwiches the inguiiuil ligitmenL 

The ptrriifm cortrring iht PsOiiS is ihickened above to form the medial lumbocostal 
arch (p. 5S5). Medially» the fascia covering the Psiias ia attacht^ by a series of 
arched processes to the'imcf%'eriebral discs, and prominent nrargins of the bodies 
of the vertebne, and to the upper part of the sacrum. Latemlly, above the crest 
of the ilium, it blends with the fasria covering the front of tht Qiiadratiis lumbonim 
(p, 6 o2)p below the crest, with the fascia coverinE the lliacus. 

The portion covtriiig the fliatm is connected, tateralJy^ to the whole length of the 
inner lip of the iliac crest, and medially, to the brim of the true pelvis^ where it 
blends with the periosteum. It is attached to the iliopeclineal eminence and there 
receives a slip from the tendon of insertion of the Psoas minor, when that muscle is 
nreactit. The external iliac vessels lie in front of the fascia but the branches of the 
lumbiM' plexus of nerves are behind it; it is separated from the peritoneum by the 
cxtraperitoneal ttsaue. 

lateral to the femoral vessels, the iliac fascia is intimately connected to the 
posterior margin of the inguinal ligament and is there cuniinuous with the trans- 
vciaaiis fascia. Medially it passes behind the femora] vca^ola to become continuous 
AVith the pectineal fascia and attached to the pecten puhb. At the junction of its 
lateral and medial partH ii Is attached to the illopectlneal eminence and the capsule of 
the hip joint. It thu:S forms a septum bet ween the ingumal ligtinent and the hip 
bone dividing the space here into a lateral patt^ the fdaina mutcuhrum, containing 
the Psoas tnajor^. the fliocus and the fcTnoral nene, and a medial part, the l&runa 
pmorum^ tranemitting the femoral vessels* rhe downward continuation of the fascia 
euvering the Itiacua muscle forms the posterior wall of tht femoral sheath fp- 6oo). 

The Psoas major (fig. 622) is a long fuffiform muscle placed on the aide of the 
lumbar region of the vcricbnii column and the brim of tfie true pelvis. It arisen 
(i J from die anterior surfaces and low^cr borders of the transverse processes of all 
the lumbar vertebrae; (1) by five shps or digitadons, each of which tabea origin 
from the bodies of two \ crtebrffi and their intervertebral disc ^ the highest slip 
arises froin the lower miu-gin of die body nf the twelfth thoracic vertebm^ the upper 
margin of the b&dy of the first lumbar vertebra and the interposed disc^ ilic lawcat 
slip from the adjacent margins nf the bodies of the fourth and fifth lumbar vettcbric 
and the interposed disc ; (3) frorm a series of tendinous arches extending across the 
constricted parts nf the bodies of the lumbar vertebrae between the preceding slips ; 
the lumbar arteries and veins, and filamenis from the sympathetic trunk, pass deep 
lo these arches* Tht muscle proceeds downwards along the brim of the true pelvis, 
passes behind the in^inal ligament and in front of the capsule of the hip joint, and 
ends in a tendon w hkh teccivea* on its lateral side, nearly the whole of the fibres of 
the iliaeus, and is inserted into the lesser trochanter of the Femur. A large buisai 
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which occaaioDally mmmuDraites with the cavity of the hip joint, separates the 
ceadon from the pubta and the capstile of the ]<anL 


Fjc. Muodeq on the front of the thigh, superficial dissection* 
(From Quiin'i Aratomy^ Xf ^iriorL.) 



Heladoas. —The uppermost pert of the Psoaa majof Ue« behind the diaphrAgm 
end ocnipic^ the loweiC part of the poitezior medLsatinum. It may be in contact with 
the posterior^ lower limit of the pleural wc. In the abdomen the P$ch» major is in 
lelition hy ilManimiaifra! surfiicr with the mediai lumbocostal arch^ the fascia covering 






MYOLOGY 


654 

the musckp the eitniperitonea] Tissue imU pvritaneuni, tin; kidney. Psoas minor^ renal 
vinficls, urrlfl^p tcstiinjlar {cir ovaiian) vessels, and gEnitefrmoril nerve. In ihrmt the 
ri(ffhi Psoas is ovciiapped by the inf-eiior vena cava and crossed by the femiinal portion 
of the ikiim, and the left h crossed hy tJic calon^ tis pf^ilenor tur/a^f is in relation 
with the transverse processes of the liiiDbar vertehn^, and the tnedial edj^c of the 
Quadntus lumbonim. The inrnbnr plexus is situated in the posterior part of the sob- 
snince of the niiisclc. the muscle is in relation with the bodies of the lumbar 

vertebra? and the lumbar vesselsr Along its fmterior (or medial) margin the muscle is 
in teUtion with the sympathetic trunk, and the aortic lymph glanda and, along the 
brim of the pelvis, with the cxterrml Jtiac artery. This margin is covered hy thn inferior 
vena cava on the right aldt^ and on the left side lies pfjstefior and latcmJ to the abdom¬ 
inal aorta. 

In the thigh it u in relatian, in from, with the fascia lata and the femoral arTcry t 
btfthid, with the capsule of the hip joint, from which it is scpanilcd by a bursa \ by 
its mfdial bcrdei, with the Peclincus und medial circumflex femoral artery , and alao 
with the femoral vein, whtdi may overlap it slightly ; by its lutrral border, with the 
fcmorfLl nerv^e and die Uiacus. 

'Ihc femoral nerve dnrenJa at first through the fibres of Psoas majcir^ and then lies 
in tile furrow between it and the Uiacos. 

Nerve-supply.—The Psoas major is supplied by branches from the second, 
third and, sonictinicSt fourth lumbar nen^ca. 

Actions.— The Psoas major acts conjointly with the Iliacus. 

'Phe Psoas mtnor is placed in front of the Psoas major vnihin tlic abdomen. It 
arises from the sides of the bodies of tiic twelfth thoraac and first lumbar vertehrsp 
and from the disc betw^ecn them- It ends in 1 long, flat tendon which is inserted 
into the pccten pubis and illopcctineal eminence, and, bv its lateral border, into I he 
iliac fascia. "Vhh muscle is absent in about 40 per cent of subject*!. 

Nerve-supply.—The Psoas minor Is supplied by a branch from the first lumbar 
ner\c. 

Action.—The Psoas minor is a weak flexor of the trunk. 

Tlic lUacus (fig. baa) h a fiat, triangular muscle which MU the iliac fossa, h 
arises from the upper two-thirds of the Iliac fossa, from the inner lip of the iliac crest, 
from the ventrdi j^cm-jliac and ilbdunibar ligaments, and from the upper surface 
t>f the lateral part of the sacrum (fig. 26a) ; En from, Ji reaches as far aa The anterior 
supenor and atnerior Inferior ilbc spines, and receives a tew fibres from the upper 
part of ihc capatile of ihe hip joint. Most of its fibres converge to be inserted imo 
rise latem] side of The Tendon of die Pfldas major, hut boiuc of them arc attached to 
ihc shaft of the femur for 2-5 cm. hclotv and in from cif the leaser irDchaiiTcr. 

Rclatioos,—Witliin tlic abdomen, the [liucus is in reUtionn bv its mitcnar suwfasf 
with the iliot fascia, which separates the muscle from the extraperiitmcal tissue and 
peritnneum, and with the Litcml femoral cuiancuus nert^c ^ on the right side, with the 
cfficujD ; un the left aitlc, with die iliac part of the descending colon ; by its pasttmr 
juf/arr with the iliac fosa ^ by itswK-d/nliurdrr, with the P^oos major and femoral nerve. 

In [he thighi, it ia m relation, by its ani^or jrir/afc, with tbe ffl$cis lata, Pectus 
femoris. SartoHus and aricria profunda femoris; by in pttjtrrh^r no/ate, with die 
capautc of tbf hip joint, a buisa common to it and the Psoas major being imerposed. 

Nervc-siipply.- TItc Iliacus is supplied, by hmnehea of the femoral nerve 
(L. 2 and 3). 

Actions.—The Psoas mttjor. acting from above, ficxca the thigh upon the pelvis, 
being assisted by the Iliacus: at ihe same time ii produces a alight degree of medial 
rotation of tlit femur owing to the rdotioo of sta line of pull to the axis of rotation 
(p, 515J. When the Paoiax major and 11 incus of both sidiai act from below, tbev serve 
to bend tin: trtmh and pelvb fort^ srds, as in raising the trunk from the rccunibcnt 
posture. One Psoas major, acting alone, prodticea laieml ficxion of the v'ertcbral 
column. 

The msiintcfiiincc of the erect attitude at the hip joints is dependent on perfect 
balance between ihe tonus of Uui Rcaus femoris, Psoas major and Iliacus, on the 
one hand, and the extensongi of the joints^ on tile odicr. 

k seems not improbable that the llJucus functions mainly as a peratunJ muscle,. 

Apptird /Iwnfpmv.—When on abscess fomui beneath jhc fascia coverinj^ the Psoas 
and llliictjjp as often happens, the pus is formed in an CH&seofibmus space which is 
closed on all sides within the abdumen, and is open only at its lower pari where the 
fascia h prolonged over ihr tmi8cl43 into the ihiiih. When the disease is in the thoracic 
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vertcbraE^ the pu& tracks down the p<»3tenc»i medlflAiiriim tn fmnt the bcKiaes of the 
vertcbnif, ana, behind the ittecfi^^ liunbocosoil rtreh, entent thi? diiea.Ui of the 

douTi tvhich Jt tJiivdfi 113 far as ihe pelvic brim ; it then passe® deep to the iliac 
p^rtjon of the fascia^ and hlls up the iliac fossa. In conscqueiice of the attnchmcni of 
me fascia to the ancuaic linc^ it finds if® way jntu the true pelvisn but passes 

Iwhind ligameiii into the thigh, lateral to the femoral vessels. When 

the lumbar vertiibnt the seat of the disease, the pms finds its way directly into the 
sub^anc^ of the Psoas-. Thr musciilar fibres arc destroyed, and the net^'c® contained 
m the abscess are isolated and exposed in its Interior ; the lhac ves&eb, which lie 
Til remain inmet, and the pcritniicum aeldom becrames Empllcated^ 

All psoas ahscc^cs do not, hoivever, pursue tlias course; the pus may leave the sheath 
? - "^f the ilium, and tnicking back^vards may point in the 

loin ahsc&i){ or it may point above the inguinal ligament m the Inguinal 

region; or Jl may folkiw fhc coui^ of the branches of the internal iliac vessels into 
the true pelvis, and, passutg through ihc greater sciatic fomnen into the gluteal 
region, may discharge itself on the back of the thigh. 

U. Tile Muscles of tiie Tunsit 
I. The Axterioh Femoil^ll Muscxk (fig, 62a) 

^ ^ Rcciua femoria. 

Icfisor faj&ctfc lahe^ Quadriceps I Vastiia latcrailis. 

Sartcirius, femoris j Vastus medial is^. 

I Vastus intcmicdius. 

Articu laris genu. 

The sujKriicial fascia fornts a conti nijous lave r over the wh ole ih igh * it consists 
or Lirtsolar tissue containing much fat in its meshes* arid may be separated into tivo 
or more layera* beitvccj!!. which the superficial vessels and nerve® arc found. It varies 
in thiekness tn dificrent pans of the limb ; In the groin it is thick, and the two layers 
arc separated from each other by the superficial iiigninoJ lymph gbnds, the great 
saphenoua vein and several smaller vesjicls. The superfidal layer Is cominiious 
above with the stipcrficia! fascia of the abdomen. The deep layer is a very thin, 
fibrous stratum, best markeil on the medial side of the great saphenous vein an^l 
l>clow- the inguinal ligament, tt b placed behind the subcutaneous vessels and 
nerves and upon the surface of the fa^ia lata. It is intimately adherent to the fascia 
laia a little bcEow the inguinal ligamcriiT, Jt covers the saphenous opening, being 
cloMrIy united tn circumferencep and is connected to the sheath of die femoral 
vtsscls. 1 fic portion covering the npctiing is perforated bv the great saphenous vein, 
small blood vessels and lymph v^essclfi, hence it has been termed the cfibri/orm fuscia^ 
the openings for the^ vessels having been likened to the holes in a sieve, A large 
subcutaneous bursa is found in the superficial fascia over the: patella. 

The de^ fascia of the thigh is named, from its great extent, the J^da hia 
(fig, ^23) \ it invests the w'bole of tfiis region of the limb* hut varies tn thickness in 
dilfercut parts. Thus, it is thicker in the upper And lateral parts of the tJugh, where 
it receives a fibrous cKpan^bn from the CJlutcus maximum and where the Tensor 
fasdK lata: is inserted between its lasers ; it is very thin behind and at the upper 
and medial parts, where it covcm the Adductor muscles, but becomes attonger 
around the knee, where it receives fibrous expansions from the tendon of the Biceps 
femoris laterally, from the Sartorius medially, and front tlic Quadriceps femoris In 
front. The fascia lata is attached, abmrc and behind^ to ihc back of the sacrum and 
coccyx \ Laterally^ to the iliac crest; in front, to the inguinal ligament and to the 
Superior ramus of the pubis | and medially, to the inferior ramus of the pubis, to the 
ramus and tuberosity of the isrhiump and to the low^er border of the sacsrotubcmus 
ligament. From its attachment to the iliac crest it descends as a dense fascia over 
the Gluteus medius to the upper border of the Glutei^ maximum, where it splits into 
two layers, one passing superficial and the other deep to this musek ; at the lower 
border of the muscle the two Layers reunite. Over the lateral surface of the thigh, 
which is flattened in consequence* the fascia lata is specially thickened and forma 
a strong band w^hich is termed the ilhtibiaf fmcL At its upper limit, where it 
splits into tivo layers, the tract receives the insertion of the Tensor fascia but and, 
posteriorly. It receives the insertion of the greater part of the tendon of the Gluteus 
maximus. Of the two layers the more superficial ascends on the btetal surface of 
the Tcasor fascia lata? to reach the iliac crest; the deeper layer passes upwards and 
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medially, under cover q| th^ and blends with the bterat part of the capsule 

of the hip joint. At its lower Limit the iLiDtibial traert is attached to tht tatend condyle 
of the dbiB, but in this situation it is indmateLy blended with an aponeurotic expan¬ 
sion from ih-e Vastus lateralis. It stands out as a stron^^ visible ridge on the antero^ 
latcral aspect of the knee, when the leg is extended against gravityn Below, the 
fascia lata is attached to all the prominent points around the knee joint, vht, the 
ooDdyles of the femur and tibia, and the head of the ftbula. On each side of the 
patella it is strengthened by transverse fibres from the bwer parts of the Yasd^ 
which are attached to and support this bone ; of these dbres the lateral are the 


FiOi 6a3r—The left japhenous eprnin^^ after the 
rejiTo^itl of the enbiifcmt f^ix. 
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stronger and are continuous with the iliotibkl tract. The fascia Lata gives off two 
intermuscular septa, which are attached to the whole len^ of ihe iLwa aspera of 
the femur and its prolongations above and below; the lateral and stronger septum 
which extends from the inrertion of the Gluteus maxtmus to the late^ eemdyl*' 
separates the Vastus lateralis in from from the short head of the Biceps fcmorii 
behind, and gives partial origin to these muscles; the medial and thinner septum 
separates tJie Vastus mediahs from the Adductors and the Feetineus. Numerous 
smaller septa separate the individual niiiscles and enclose each in adistiuet sheath 
The saphenous opemng (fig, At the uppt^ and medial part of the thiuh 

the fssao lata presents s large oval aperture; it transmits the great saphenous vein 
and other smaller vessels, and ts termed the sapkeHoat opening. The cribriform 
fasaa, which is pierced b> the structures passing through the opening, coven the 
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aperture and must be reiiiovtd to expose it. The fascia Eata in this part of ihe 
thigh Is deso’iW as i:onsisting of a s^per^icial and a deep portion. 

The siipfrjicial poriwn of the fascia lata is the part on the lateral aide of the 
saphenous openin;^. It is attached to the crest and anterior superior spine of 
the ilsuin, to the whole length of the inguinal liganient, and to the pecteii pubis in 
conjunction with the lacunar ligament (p, 592), From the pubic tubercle it is nr- 
Hccted downw ards and Jaterally, as the arched faki/t^m wrfr^jw, H'hich forms the 
upper, latcmi and lower boundaiica of the saphenous opening (fig. 623); this 
margin overlies and la adherent to ihe anterior layer of the sheath of the femonil 
vessels, and the cribriform fascia is attached to ih The upper part of the falcifotni 
inaigin is named the suptrior conm ; its hrtver pert, the rfl/mor rtirnti. The latter is 
well defined, and Is continuous behind the great saphenuus vein with the deep 
portion of the fascia. 

The dtep pt^rmn is aituatciJ on the medial side of the saphenous opening, and fa 
continuous with the superficial portion at the lower margin of the fossa ; traced 
upwardSk it covers the Pectineus, Adductor longus and Gracilis, and, passing behind 
the sheath of the fcmotal vessels^ to which it is closely united^ is attachi^ to the 
|Hcien ptibis. 

From Uiis description ii may be observed that the superEcial portion of the 
fascia lata lies in front of the femoral vessels, and the deep portion behind them, so 
that an apparent aperture (the saphenous opening) exists between the two. 

The Tensor fasciae latec (fig. 62a) arises from the anicrior 5 atu of the outer lip 
of the Iliac crest; from ibe outer surface of the anierrior superior iliac spine, and 
part of Che outer border of the notch bdovv ih bctw'ecn the Gluteus mediiis and 
Sartorius ; and from the deep surface of the fascia lata, k is inserted benveen the 
two layers of the iliotibial rract of the fascia lata about the junction of the middle 
vvith the upper one-third of the thigh. 

Nerve-supply,—'Fhe Tensor fascia latae is supplied by the superiof gluteal 
nen'C (L. 4 and ^ and S. i). 

Actions.—The U^ensor fasciEE laUe tightens the fascia lata and so assists in 
extension of the knee ; it assists also in abduction and in medial rotaiJon of the thigh. 
In the erect posture, acting from below, it helps to steady the pelvis on the head of 
the femur ; through the iliotibial tract it steadies the condyles of the femur on the 
tibia and thus helps to maintain the erect attitude. When the thigh is Hexed against 
gravity and the knee is extendedp on angular depression becomes apparent immedi¬ 
ately below the anterior superior iliac spine. Its lateral boundary' is formed by the 
Tensor faseb; lataCn 

The Sartorius (figs. 622, 624, &2&), which is the longest muscle in the l>CHiy, is 
narrow' and ribbon-like; it arises by tendinous fibres from the anterior superior 
iliac spine and the upper one-half of the notch below iL Tt crosses the upper and 
anterior parts of the thigh obliquely^ from the lateral to the medial side, then 
descends vertically as far as the medial side of the knee, where a ihln^ fiaticned 
tendon replaces the fleshy belly. This tendon curves obliquely forwards and expands 
into a broad aponeurosis which is Inserted, in front of the Gracilis and Semi- 
tendinosus, into the upper pan of the medial surface of the shaft of the tibia (fig. 44 q>). 
The upper part of the rtprmctirosis is cun’ed backwards over the upper edge of the 
tendon of the Gracilis so os to be inserted behind iL An oHset, from its upper 
margin, blends with the capsule of the knee joint, and another, from its lower 
border, with the fascia on the medial side of the leg. 

The relations of ilih muscle to the femoral artery arc impottani, as It constitutes 
the chief guide in tying the vesscL In die upper one-third of the thigh it forms the 
lateral side of the ftmoTol the medial side of which is formed by the medial 

border of the Adduemr longus. and the i'mc by the inguinal ligament; the fcmotal 
artery' passes through the middli: of thJa crlan^e from its base to its apex. In the 
middle one-third of the thigh, the femoral artery is cooTained in the adductor (sub- 
sartorial) canal, on the roof of w'hich tl^e Banorius lies (fig. 636)^ 

Nerve-supply,—I'he Sartorius is supplied by the femoral nerve (L. a and 3). 

Actions,—The Sartorius assists in flexing the leg on the thigh, and the thigh on 
the pelvis, and its action is called for particularly when the two movements are 
carried out simultaneously. It also helps to ahduct the thigh and to rotate It 
laterally^ \\Tien these mDvements are carried out against gravity, the muscle can 
be both seen and felt in the living subject. 
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The Quadriceps fetnoris (figs. 623, 6^4, 636) is the great eitteneor muscle of 
the leg, and consists of a. large ileshy mass whidi coven the front and aidca oF the 
femur. It is subdivided into separate portionB, which hav'e received distinctive 
names. One occupies the middle of the thigh, and arises from the ilium t from its 
straight course it is called the Recita femorit. The other tliree take origin from the 
shaft of the femur, which they caver from the trochanters to the condyles; that on 
the lateral side of the femur is termed the Vastus lateralis ; that on the medial side, 
the Vastus metiialif ^ and that in Front, the Vastus fn/er»M'diitr, 

The Hectus femoris (figs. 623,624,626] is fusiform in shape, and its superficial 
fibres arc atranged In 3 bipennate manner, the deep ^bres running straight down 
liO the deep aponeurosia, It arises by two tendinous heads: a straight head from the 
anterior inferior iliac spine, and a rejected head, from a groove above the brim of 
the acetabulum. The tw'o unite at an acute angle, and spread into an aponeurosis 
wlilch is prolonged downwards on the anterior surface of the muscle, and fnHn this 
the muscular fibres arise. The muscle ends in a broad and thick aponeurosis which 
occupies the lower two-thirds of its posterior surface, and, gradually becoming 
narrowed into a flaitcned tendon, is inserted into the base of the patella. 

I’he Vsstw lateralis (figs. 622, 604, 626) is the largest part of the Quadriceps 
femoris. It arises by a broad aponeurosis, which is attached to the upper part of the 
trochanteric line, la the anierior and inferior bordeis of the greater trochanter, to 
Ihc lateral lip of the gluteal tiibcreaity, and to the upper one-half of the lateral lip 
of the lines aspera (figs- 436 ufid 438) : this aponeurosis covers the upper three- 
fourths of the muscle, and from its deep surface tnatiy fibres take origin. A few 
additional fibres arise from the tendon of the Gluteus rnaximus, and from the lateral 
intermuscular septum between the Vosius lateralis and short head of the Biceps 
femoris. 'I'he fibres form a large fleshy mass which is attached to a strong apo¬ 
neurosis placed on the deep surface of the lower part of the ntuscle: this apo¬ 
neurosis contracts into a flat tendon, which is inserted into the lateral border of the 
patella, blending with the Quadriceps fetnnris lendevn (sfe betmc). It gives to the 
capsule of the Icncc joint an expansion which extends downwanh, to be attached 
to the lateral condyle of the tibia and blends with the iliotibial tract. 

The Vd.nius mcdiBlta and V^astus intermedins appear to be inseparably united, 
hut tvhen the Rectus femoris has been reflected a narrow interval will be observed 
extending upwards from the medial border of the patella between the two muscles, 
and the separarion may In; carried to the lower part of the trochanteric line, wiierc] 
liowevcr, the two muscles are frctiuently continuous. 

The Vastus medialls (figs, 622. 624, 626) arises from the lower part of the 
trochanteric line, the spiral line. t|« medial lip of the linea ospera, the upper part 
of the medial auprarondvlar line, the temions of the Adductor longus and Adductor 
magnus, and the medial inicmiuftcular septum (figs. 4311 and 43S). Its fibres are 
directed downwards and forwards, and arc chiefiy attached to an aponeurosis which 
lies on the deep surface of the muscle and is inserted into the medial border of the 
patella and the Qindrioeps femoris tendon (rer fie/eiv). An expansion from this 
tendon reinftirces the capsule of the knee joint and is attaclicd below to the medial 
condyle of the tibia, Tlie loivermosi fibres are almost hortrxmtal and form a fleshy 
bulge in the living subject, medial to the upper half of tlie patella ^ 

The Vastus iniermedius (figs. 624, 62b) arises from the from' and lateral sur- 
faces of the upper two-thirds of the shaft of die femur, and from ihc lower part of 
the lateral intermuscular septum. Its fibres end in a superficijil aponeurosis which 
forms the deep port of the Quadriceps femoris tendon and, in addition gaina 
attachment to the lateral border of the patella and die lateral condvic of the tibia 

The Uadotu of the different poniona of the Quadriceps unite at the lower part 
of the tliigh to form a single strong tendon which is inserted into the base of the 
patella, some fibres passing over it to blend with the ligametitum patella The 
patella may be regarded as a sesamoid hone developed in the tendon nf tiw Quadri¬ 
ceps : and the lipmenturn palclk?, which is continued from the apex of the patella 
to the tubercle of the tibia, may be regarded os the proper tendon of insertion of the 
muscle, Ihj^edial and lutcral patellar nednacula (p. 520) being expansions from its 
borders. The suprapatellar buna, which usually cominunicates with die cavity of 
the knee joint, is situated betwren the femur and the portion of the Quadri^na 
tendon above the patella; the deep infrapatellar bursa is interposed between the 
ligamentum patclbe and the upper part of the front of the Uhia (fig. 541J, 
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The Articularis genu ts a small muitde, usually distinct from the Vastus 
intcnucdiiiSp but occasionally blended with it; it consists of sc vend musoibr 
hujidlea which arise from the anterior surface of the lower part of the shaft of 
the femur and an: inserted into the upjier part of the stoovisI membrane of the 
knee joinL 

Ncrve-suppty.—^Thc Quadriceps femoris and the Articularis genu are sup¬ 
plied by the femoral neire (L. 2 , 5 and 4)* 

Actions,—The Quadriceps femoriB extends the leg upon the thigh. 'Fhe 
Rccius femoris assists the Psoas major and lljacu$ in supporting the pelvis and 
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trunk upon the femur, and it ia the balance between the tonus of tltefte mu^]» and 
the tonus of the cxtefisors of the hip joints which is responsible for niaintainlng the 
erect attitude, so far as these joints are concerned. The Rectus femoris ako assists 
in dexing the thigh on the pelvis, or, if the thigh be fixedr it helps to Hex the pelvjs« 
The lower fibres of the Vastus medialia retain the patella in its groove on the 
patellar surface of the femur during eKtension of the knee joint and seri'c to 
counteract the natural tendency to lateral displacement of the patella which ie 
attributable to the angulation between the shaft of the femur and the bones of 
the leg. 

It baa been suggested, on clinical grounds^ that the lower fibres of the Vasii 
medialis et lateralis^ are tmportani posiural agents ensuring the stabUit)- of the knee 
joint. 

The Articularis genu pulls the synovial membrane of the knee joint upwards 
during extension of the leg. 
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2. The MmL%L Femoral Muscles 

GnicUls. Adductor longusn Adductor magnlis. 

Pcctincus. Adductor brcAisp 

The Gracilis 63!4, ^ superficial muscle on the medial 

side of tbe thigh. It is dim and Battened, broad above, narrow and tapering below\ 
it arises by a thin aponeurosis from the medial margins of the lower one-hif of the 
body of the pubis> the whole length of its Inferior ramus and the adjoining part of 
the ramus of tlic ischium (fig. 42-1). The fibres run vertically downwards, stnd end 
iu a rounded tendon which passes across the medial condyle of the femur posEcriuf 
fo the tendon of Sartorius. Ie then curves round the medial condyle of Ehe tibia, 
where it becomes fiattened, and is inserted into the upper part of the medial surface 
of the Ghafi of the tibia, below the condyle. A few fibres from the tower part of the 
tendon are prolonged into the deep fascia of the leg. At its insertion the Eendon is 
aituated immediately above that of the Semitendinosus^ and its upper edge is over- 
Upped by the tendon of the Sartorius^ W'ith which it is in part blcndt^d. it is 
separated from the libUl collate ral ligamem of the kra^ joint hy the libial inter- 
tendinous but^ fp. 5^)- 

Nerve-supply,—The Gracilis is supplied by the obturator nerv^o fL. 3 
and 4], 

Actions.—l"hc Gracilis flescs the kg and rotates it medially; it may also act 
as an adductor of the riiigh^ when necessary. 

'Hic Pect Incus |fig. 622) is a quadrangutsr muscle, situited at the front of 
the upper and medkl part of the thigh, k arises from the pcctcn pubis, and to a 
slight estent fruin the surface isf bone in front of it, bctw*ccn the ilicipcctine^itl 
etnincncc and the pubic tuberclcp and from the fiLscb covering die anterior surface 
of the muscle; the fibres pass downwards, backw^ards and laterally^ to be inserted 
into the femur along a line leading from the lesser trochanter to the linca aspera.* 

Relations .—Its owf^nW turf ace in mbuion wich the fascLi kta, which separaies Ir 
frotn the femnml vesiiels And ipnest saphenous vtui ; its poftcriur Mur/acgf with ihe cap* 
sute of the hip joint, the A-dducior bn^vip. Obturator uctemus and anterior braneh 
of the obturator nerve ; ita hteral b^rdcr^ with llic Psoas major and the media] cimim - 
flei femoTal vemb ; iia mediat border, w'ith the upper or lati^ral margin of the 
Adductor longus. 

Nerve-supply-—The Fcctincus b supplied by the femoral nerve (L. 2 and 3); 
and by the acecssoiy^ obturator (L. 3), when this nene is present. Occasionally it 
receives u branch from the obtumtor oorv^e. 

Actions.—The Pectincus t adducts the thigh and flexes h mi the pelvis. 

The Adductor longua (figs, 625. 626), the most flupcrficUl of the three adduc¬ 
tors. is a triangular muKic, lying in the same plane as the Pectincus. It Hrises by a 
Rat, narrow^ tendon which is attached to the fimnt of the pubis in the angle betw^n 
the crest and the symphysis. U soon expands into a broad fleshy belly which passes 
downwards, backw'ards, and laterally, and is inserted, by an aponeurosis, into the 
middle one-third of the linea aspera of the femur, between the Vastus tnedjahs and 
the Adductores magnua et brevis, with all of which it 13 usually blended. 

Relalions.—Kti oirn-nW sjirfacc ii in relation with tlie apcjTnatic cord the faseia 
luta, hy which it is mepiirated from the great saphenous vein, und, neurits insertion 
wirb rbe femoral artery and vein and the Sartorius: its poj/rribr wkb ihe 

Adductorcs brevis ct tnagnus, the nnierior branch of the obuimtor uerve, and ne»r ita 
iFuenioJi with the profunda fernoris vesAtk; its iatend border, with the Feetineus ■ 
iis medial ffordeif with the Gnicilis, ■ 


Nerve-supply*—The .Adductor longus k supplied by the anterior division of 
the obturator nerve (L. 2 and 3). 


•^fhe P«:diiciJs may eonrist of two tncemplcicly lepajitcu tUmta. : the LiicniJ or doml 
irratum, which conitatii^ is supplied by i bnn{:h from the femenj nerve, or, in the sbflence 
id thcii htBinvh. hy the pcccMon^ ebtuntor nerve j the mediil or vcntnil Vtromm when 
pmeur. b ■ derivative of the adductor gniup of musdet. and ip supplied hy the obtunitnF 
nerve,—A. M. Patrr»m, youfoid of Anaiomy ij*id 

t Bee foomoie, p. G-Sj- 
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AfypHtd Adductcv t* liable to be ^vcTtiy srmmed in 

wha ride much on horwback, nr it nmy be niptuned by suddenly gripping? the ftiiddle^ 
Occsi»iorial 1 y the tendon of origin becomes owiilkdp conimtudng the ^ rider's bone\ 

Pio. 63^.—Tbc sdduEitQt muM:ln of the left thigb. Viewed from in ffontp 
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A viftkm of ihrii iAd4iu*ccDf bxuftdi tui been «(fned, snd ihe twQ Ti«*d« of the Rietui fenMif, 
which IC* biK kbctkilp Iwn 'tmn itividipil ibciV* tlui pAcfif hiih«+ 


The Addiactar brevis (figs. 624, 62.5) b Ktuated behind the Pectiticud md 
Adductor bngus. It Is somewhat triangular in fomip and arises by a narrow origin 
from the anterior surface of the body and the outer surfa£e of the inferior runus of 
the pubis, in the interval between the Gracilis and Obturator eitcmus* Its librc$ 
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pacing baclcwariia, Utcrslly, anil dnvmwards, ate inserted by an apnneun^aia into 
itia femur* along the line leading from the lesser trochanter to the linea aspem* and 
itiKj the upper part of the linea aspera immedlatety 1>ehLrLd the Pcetincus and the 
upper part of the Adductor bngtii. 

ReialLons.^Ita imteri^r $mfacf is in relatinn with the PectineuSp x4dductor loiiguSp 
aneda profunds femons, and anredar branch of the obturator ner^c ; its 
lujface, with the Adductor ma^us, and poatenor branch of the obturator nerre ; it& 
upp^r imnifr, with the medial circumflex femoral artery, the Obturator cxlcmus, and 
conjoined tendon of the PsfjM major and lliacus * its /otter w ith the Gractli^ 

and Adductor magnua. It h pierced near iti msettion by the aecnftd, or firit and 
feecond. perforating arteries. 

Fic, A trariavetie aectfoii chrauMh the middle of the thigb. FcKir^afthi 

of natural tise. 



/^iw£i 




PiuSttiuipWiitml wtw 


Nerve-supply.—nic Adductor brevi# is «jpp[icd by the obturator ficrvc 
(L. 2, 3 aitd 

I he Adductor mAgnus $24,625,626) is a Isrgc tiianguJar latude, situated 

on the medtsi side of the ihigit. h anses from a sinall part of the inferior ramus of 
die pubis, from the mrnus of the ischium, and from the lateral portion of the 
infenor pit of the tuberosi^ of the tscbiuiti. 'ITtosc iibm which arise from the 
mmus of the pubis are short, honaontal in difeetion. and nre inserted into the medial 
margin of the gluteal tuberosi^ of the femur, medial to the Gluteus maximus ■ • 
from tlie nmiu of the ischium are directed downwards and laterally with 
diffe^t degrees of obliquity, to be ii^rtcd. by means of a broad aponeurosfs, bto 
the lines aspera and the upper part of the medial supracondvlar line! The mediS 
porunn of tlie muscle, corned principally of the fibres arising from the tuberositv 
of the lachmm. fonns a Uiick fleshy mass which descends almost vcrticallv, and en^ 
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about the lower onc-thirJ of the thigh tn a rauDded icndon, which can readily he 
felt oil deep pressure imnicdiately above the adduetor tubercle fp^ 41$]* It 
inserted into the adductor tubercle on iJic medial condyle of the femurp and is con- 
ni'ctcd by a fibrous expansion lo the medial supracondylar Jine^ At the irwertSon of 
the musclCp there is a scries of ossco-aponeurotic openings, formed hy tendinous 
arches attached to the bone. The upper four openings are amalln and give passage 
to the pcrfoniting branches of tfie arteria profunda feoioris, llic lowest is of large 
siac, and transmits the femoral vessels to the popliteal fossa. 

Relations.-—Ica itni^lar twr/ore is in relation with iht Feetineus, Adductnreii brevis 
et longua^ the femoral and profunda vessels, and the posterior branch of the obturator 
nerv'c ; n bur^ inten’cncs Urtween the highest part of the muscle and the Eesser 
trcKrliaotcr of the femur; its porfmVr with the sciatic ner^c, the Gluteus 

maximus^ Biceps femoriap Semitendinosus and Semunembranosus. Its b^jrder 

lies poiraliel with the Quadfflius femoris, die tramve™ hmrieh of the mediaE circumBex: 
femoral artery' pasimj; bctw'cen th^m ^ its berdfr is in rulaiion with the GniciliK< 

Sartorius and fascia lata. 

NervMupply.—The Adductor magnna is a composite niu^le and derives its 
ncfve-^tipply from two sounces^ The true adductor part of the tnuselc is supplied 
by the obturator nen-e (L, 3 and 4); the paji which tikes origin from the ciilierosity 
of the bchium is a derivative of the ha™tring muscles and is supplied by the sciatic 
nerve (L. 4 and 3)* 

Actions,—The three Adductnres are powerful adductors of the thigh. In 
addition they produce lateral rotation of the femur and, with the exception of the 
ischial fibres of the Adductor mngnus which are weak cxtcnsore of the hip joint, 
they flex the tliigh on the pelvis. They arc especially used in horse exercise, the 
aides of the saddle being grasped between tlic knees by the contraction of these 
muscles; wdieit the limb has been abducted, they rorate it Jatctally and draw it 
medially, carrying the thigh across that of the opposite side. In walking and run¬ 
ning, they assist in drawing forvrards the lower limb. 


3, Tue Muscles of Tire Gluteal Region (figs. 627, 628} 
Gluteus rnuximus. Obitiralor intemus. 

Gluteus medius. Gemellus superior. 

Gluteus miniums. Gemellus inferior. 

Piriformis. Quadraius femoris^ 

Obturator externals. 


The GEutEus maximus (fig. 627) is the largest and most superficial muscle in 
the gluteal region. It is a broad and thick fleshy masA of a quadrilateral shape, 
and form>s the prominence of tlic buttock. Its large size is one of the most character¬ 
istic features of the muscular system in man, connected as it is with the fwnver he has 
of maintaining the trunk in the erect position. The Tnusclr is remarkably cckarsc in 
fliructure, being made up uf fasciculi lying paiolLel with one another, and collected 
into large bundles separated by fibrous sepia. It arises from the posterior gluteal 
lirte of the ilium, and tlie rough pinion of bone* including the crest, immediately 
above and behind it i from the aponeurosis of the Ercclor ^pinst: ■ fnjm the dorsal 
surface of the lower part of the sacrum and the side of the coccyx ; from the sacra- 
tuberous Ugament^ and frorn the fascia (gluteal aponeurosis) covering the GJuteus 
medius. The fibres run obliquely downwards and laterally ' those forming the 
upper and larger portion of the musde, together with the superficial fibres of the 
tower portion, end in a thick tendinous lamina which passes aenm the greater 
trochanter, and is inserted into the iliotibia! tract of the fascia kta ; the deeper 
fibres of the lower portion of the musde are inserted into the gluteal tuberosity of 
the femur between the Vastus latetalis and Adductor magnus. 

Three bursi€ are usually found in relation with the deep surface of this musde, 
One^ of large sixe and generally muMocular, separates it from the greater trochanter 
{troehajiterk burm of ; a second is found between the tendon of 

ihc muscle and that of the Vastus latcnilis harsa) ; a third, often 

wanting, b situated on the tuberosity of I he ischium (mhia! bursa of Gtuims maximum). 


Relations.—Its superficial surface is in relation with a thin fascls which separates it 
from the subcutaneous tissue; ils iirep surface, vith the ilium, sacrum, coccyx, ond 
aaetotuberous Tignmeut* part of the Gluteua medium. Firiformis, Gennelli, Obturator 
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intcmus^ QuHdntuK FanoriB, the tubeimity of the ischiuiUi greater trochamtert 
ori^^irfcA of the Hicepa femom* ScmltendiooftUB^ Semimembranosus and the Adductor 
mii^us. The superhciiJ diviiion of the superior gluteal aitcry reache* the deep sur¬ 
face of tJw: tnusdc by pnssin^ between the Plrifortnia and the Gluteus medius i the 
inferior f;lutea] and mtemaj pudendal vessel and the sciatic, pudendal, and poaterlcr 
femond cutsmeoua nerve* and muscular branehe* from the aacral plexus, issue from 
the pelvis below the Firiformis. The fust perforating flrter>' and the teimirml branches 
of the medial circumflex femoral artery are also found under caver of the lower past 


Fta. 6 z7 .—The left Ghiteiu miiKiiims muMiIe- 
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A portion of the ttfong glaural fasda has been removed to 
expOK ■ pin of (he Gluicua medlut. 


of the muscle. Irs tifiprr bordtr is thin, stnd m-erlies the Gluteus medius^ Eta iotwr 
b<rrit<r Is free and pninufitMit, and » crossed fay the horizontal gliiiea] fold^ which 
marlci the upper limit of the hack of the thigh on ihe surface 1%. 573)* 

Nerve-supply.—The Cluteu* nuxitnus is supplied by ihe Inferior gluteal 
nerve (L. 5 and S, I and i), 

Actiona.—'Vlien the Gluteus msainiiis tslces its feed point from the pelvis it 
extends the thigh and brings it into line with the irunlt. Taking its fixed point 
below, it supports the pelvis and the trunk upon die bead of the femur, and. » foj- 
as the hip joint is coneemed, the maintenance of the erect attitude is ensured' by the 
babneed tone of the Gluteus maximus and the other extensors of the joint, on the 
one hand, and of the flexors of the joint, on the other hand. Its moat powerful 
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acrdon is tci raise the trunk, after stooping, by -miating the pelvis buckuanU on the 
head of the femur. It is a tensor of the fascia lata, and through the jliqtibia] tract It 
steadies the femur on the tibia during standingp when the extensor mtisclcs arc 
relaxed. 

Hie Gluteus medius is a broad, thick muscle which is situated on the outer 
surface of the pelvis. Its posterior one-third is covered by the Gluteus maximum : 
its anterior two-thirds is superficial and is covered only by a strong layer of deep 
fascia {fig. 6 tj), It arises from the outer surface of the ilium between the iliac crest 
and posterior gluteal line above, and the anterior gluteal line below ; it aJ$c arises 
from the Strong fascia which covers the upper p^art of its outer surface. The fibres 
Converge to a flattened tendon, which is inserted into the oblique ridge directed 
downwards and fonvards on the lateral surface of the greater trochanter of the 
femur. A bursa {trorhanteri^ hursa of Oiuims rmdmi) Separates the fen don from 
the antcfosuperior pan of the lateral surface of ihc trocbanicr^over w'hich it glidea^ 

The Gluteus [iiitilmus (lig. the smallest of the Glutei, is placed immedi¬ 
ately under cover of the preceding muscle. It is fan-shaped, arising from the outer 
surface of the ilium bciwccn the anieriorand inferior gluteal lines, and^ behind^ from 
the tnargiri of the greater sciatic notch. The fibres converge to the deep surface of 
an aponcurcsiSp and this ends in a tendon which is inserted into a ridge on the 
lateral part of the anterior surface of the greater trochanter of the femur, and gives 
an expansion to the capsule of ihc hip joint. A bursa {froc/writmt hursa of Giaieus 
minimus) is Interposed bet^veen the tendon and the medJal part of the anterior 
surface of the greater trochanter. 

Between the Gluteus medius and Gluteus minimus are the deep branches of the 
AupcrtQr gluteal vessels, atid the superior eluteal nerve- The ncdcctcd Tendon nf the 
Rectus femoris and the capsule of the hip joint are placed deep to the GIulllis nuiaimus. 

Nerve-supply.—Both the Glutcua medius and the Gluteus rtunuiius arc 
supplied by the superior gluteal nerve (L. 4 and 5 and 5 . j)* 

Actions.-—Both the preceding muscles^ acting from the pel via, ihduct the thigh 
and their anterior fibres rotate it medially, 

TIse two muscles play an alLtmponant part in maintaining the poise and baiaticc 
of the body w'hen the foot of the opposite side te raised from the ground, c.g* in 
walking and running. In tJscse drcumstances the body-weight tends to make the 
pelvis sag downwards on the unsLipported side, and is counieraded (ty 

the Gluf^^us medius ttttd ttn'ftimus of ihe suf^pfiriing side, tr/jtrir^ aeting from A^/rjfc, exerl 
sueh f>merfui trtictum on the hip hone that iht u Gciuatty raked n liitfe on the 
unsupported side. 

Applied Anafcmy.'^The stabilising effect of the Glutei (medius and minLtiius) on 
the pel%'i3, when the foot of the opposite side is raised from the ground;, is dependent 
on three conditions, %'k. the two muscles must be funeciuning nomwlly : 

(a) the componerits of the hip joint, which forms the fulcrum, must have tlieir normst 
relationships ; (3) the neck of ihe femur must be imact and must exhibit its normal 
angularton m the shaft of the bone. Ulicn any one of these three conditlona k not fijb 
filled (e.g.’—(i) paralysis of the Glutei, medius and rninimus ; fa) congenital dtiloca- 
lion of the hip joint ; (3) ununited fracture of the neck of the femur or coxa vnra) 
the fitdblJking meckanisiti is upset and the pelvis sinks on the unsupported side when 
the patient stands nn the nffcctcd limb. 1 lik is knowm clioicuUy ns the * Trendeien- 
benteign,' 

Forolysis of the Giulei medius ef tinnimm is ihe most sesiom mutndnr disuhiiity in 
the re^on of She hip , nnd patients suffering frum thk condition ha%'c n characterktically 
lurching iinic. On the oilier hand, when these two muscles tcmain intact, even though 
many of the other muscles w'hich act on the hip joint are piftralyscd, the palieni is able 
ID walk, or even ruor “with remarkably little disabilit>'. 

I'hc Piriformis [fig. 628) lies almost parallel with the posterior margin of the 
Gluteus medius. ft is situaied partly within the pdvis on Its posterior wall, and 
partly at the back of the hip joint. It arises from the front of the sacrum by three 
fleshy digitations, attached 10 the portions of bone between the pelvic sacr^ fora- 
mLna^ and to the grooves leading from the foramina (fig. zf>2) ; a few fibres also arise 
from the margin of the greater sclatie foramen, and from the upper pan of the anterior 
(pelvic) surface of the sacrotubernus ligamcnl. The muscle passes out of the pelvis 
through the greater sciatic foramen, and is inserted by a rounded tendon into the 
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Fio. 638,—The or llie jfltitNl rejfwfi the poiterwr musciti of the du^ 
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upper border of the gre^itr trochanter of the femuf, behind and above, but often 
partly blended w\\h, the common tendon of the Obturator mtemua and Gemelli^ 

Rrlationa .—Within pflvts the anUfrior turfoi^ of the PiriformiB is in relation 

with the rectum (especiiilly on the left sideJi the sacnd plc^u$ of ncrvuA and hranches 
of the mtemBl iliac vesieLs \ ita pt^trritfr witii the sacrum. Ouitidt tht 

its CTJiferior mrfatf is in contact with the posterior surface of the isdiium and capsule 
of the hip joint j its poti^or mrfacfi with the GJutca# mojciiotis. Its upp^r Wdlpr 
is in relation with the GluteuA medius, nod the superior gluteaJ vessels and nerve; 
irs /tifcer with the Coecygeus and Gemellus superior, llic inferior gluteal and 

internal pudendal veasebp the sciatic^ posterinr femDral cutaneous and pudendd 
ner%^cs, and muscular branches from the sacral plexus, appear io ihc buttock in the 
interval bctw'cen the Hrifonnis and Gemellug superior. ^Hie mui^le is frequently 
pierced by the conunon pemneal iicrve. 

Nerve-supply*—The Piriformis is supplied by twigs from S. 1 and 2. 

Actions.— 'J iic Piriformis rotates the thigh laterally;* 

The obturator membrane (fig. dag) is a thin, fibrous sheet which nearly doses 
the obturator foramen. Its fibres are arranged in interlacing bundles mainly trana- 
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Fio. The left Obturator membrane. 

Katemol vurfaoe. 


/filerjktW 

dhit 




JV-^iPutaf 


iijMiaifPil 


vcrBc in dltictinn ; the uppermost bundle Is sitAched to the obturator tubercles 
and completes the obturator canal for the passage of the obturator vessels and nerve. 
The tnembrane is attached to the shaip margin of the obturator foramen except at 
its lower lateral angle, where it Is fixed to the pel tic surface of the ramus of the 
ischium, i.e. within the margin of the foramen. Both Obturator muscles take origin 

■ It » probable that the ihoct oiubcIm which 1w in inthnate relation to the hip joint 
cxetuK m more impormnl function m poaiun] niuicks than a* prime moven. They «« 
so KitujiiHl that they are obk to esen a conirolimff infiiicnec an the dLreciian of the bxia af 
the neck of the fmiur during movements of the joint In particuLaT they delcntiinc and hmit 
the defltee of medial mtation w hich would otherwiM be oawiated vrith fkijon of the joint. 

Owing IO the ihoEtneta of their fibr» the«e mmelet ore odmimhly adapted to eorrkc inio 
metkin wheti^ dkifinn relmbon of the larger muielrs, luddeti titajns threaten the inieitrity of 
the capaiilc. nprchilly on its poalerior aurfacv. T\m tirmngvmcni obriaiei the need for the 
prorifSon of lijiaFnenia tliong cnouiitl to rerial aucJi amiins. LiRUnenti of siifFcicnt ilretigth 
w-ould be *0 bulky that they w'ould iniEffr« with the mohihty of the joint. On the other hand, 
the muacular bulk is placed at a diaiancc fewn the acltial joint and in no way interferea with 
freedam of movi'ment. 
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from this nifecnbrarte, and some of the fibres of the puhofemoraj ligament of the hip 
jobii sTc attached to ita inferior surface^ 

The Obturator mtemua (fig. 630) Ls situated partly witbin die true pcLna, and 
partly at the back of the hip joint. It arisea from the inner surface of the antero¬ 
lateral siall of the peKis, where it surrounds the greater part of the obturator 
foramen^ being attached to the inferior ramus of the pubis, the Timus of the iscbium 
and to the pelvic surface of tlie hip bone below and behind the pelvic hrim+ reaching 
from the upper part of the greater sciatjc foramen above and behind^ to the obturator 


Fig, ^130,—'fhe kfi OhoimTOF irnemus. Pelvic *iirfsce* 


foramen below and in front (fig, 423 ], 11 also mhes from the medial part of the pelvic 
surface of the obturator membrane, from the tendinous arch which completes the 
canal for the passage of the oblurator vessels and nerne, and to a slight extent from 
the Dbiuraior fascia, which envem the muscle. The fibres converge rapidiy towards 
the lesser sciatic bniinen and end in four or five tendinous bands in the deep surface 
of the muscle ; these bands make a right-angled bend over ihc grooved surface of 
the bchium between its spine and tuberosity. The grooved surface is covered by 
smoath cartitagCt which is iicpamicd from the tendon by a bursa, and presents one 
or more ridges corresTwinding with the furrows betiveen the tendinous bands. 
These bands leave the pelvis through the lesser setstje foramen and unite into a single 
flattened tendon, wbicli posses borizontaUy nemos ihc capsule of the hip joint, and, 
after receiving the attachmcfits of the Genielli, b inserted into the fore part of the 
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mcdml surface of xhc gncatcr trucihaiiicr of ilic fcmur^ ;ibovc and in front of the 
trochuntcHc fossa. A bursa, imrttnv and elongated tn fomiH Ls usually found between 
the tendon and tlie capsule of the hip joint; it occasionally cominunicates with the 
buT?a belw een the tendon and the ischium. 


Relations.— Within th^p^fvis, die antmtat^al mrfae^ of the muscle is in rcEation 
with the obturator membrane and inner surface of the lateral wall of the pelvis ; its 
ptivk snrfati-y with the obturHlor fascia, and the origin of the Le^^ior ani, and with the 
sheath which surrounds the intemaJ pudendal vessels and pudendal nej^ {p, 603}. 
Tlie pelvic aurface forma the lateral tMundary of the aschiorcctBl fossa. OuUide iht 
pthiSf. the muscle is covered by f he Gluteus maximus, is crossed by the adatk nerve, 
and rest* mi tbc back of the hip joint. As the tendon of the Obturator kitemus 
emerges from the lesser sciadc foramen it is overlapped benh above and below by 
the two Gemelli, which form a muscular canal for it ^ near its insertion the Gennelli 
pass in front of the tendon and ferm ft groove in which it lies. 

Nervc-fiupplvF—'The nerve to Obturator internus derives its fibres from L» 5 
and S. t and z. 


Fic. 631 .—nie teft Obturator cxternus muscle- Anicro-mferdr uspcci. 
/Jibpf rf PUfoJ ti^ad nf 

eininefiijC4 

x __ 

— diti. is/- dioe 


■utrruu^ 


Pafjofrnonil ij^nnKim 


t>«™i nJ Tiiijot tMtpn. whjirli in thii ipwifntti £Urnmu.Tiwc«tf<£ wiih 

the fnuvtil evriiy of Ihf lili] Jpmnf. hm Imcu opened apotc iHv hewl n^ tbr letnut. 


The Gcmelii (bg. (S28) are two small muscular fasciculi^ adjacent to the tendon 
of the Obturator intemLls. 

The Gemellus superior^ the smaller of the two, arisen froni the dorsal surface 
of the spine of the bduum, blends with tbc upper part of the tendon of the Obturator 
intemus, and ta uifterted with it into the rncdial surface pf the greater trochanter of 
the femur. It is sornctimeft missing. 

Nerve-supply,—The Gemellus superior Is supplied by the nerve to the 
Obturator internus (L. 5 and S. i and 2), 

The Gemetlui inferior ariset from the upper part of the tuberosity of the 
ischium, immediately below the groove for the Obturator intemus tendon. It 
blends with the lower part of the tendon of the Obturator in tern us, and is inserted 
with it into the medial surface of the greater trochanter, 

Nerve^upply.—The Gemellus inferior is supplied by the nen e to the Quad- 
ratua femorift (L. 4 and 5 and i), 

Actfons.^—The Obturator intemus and the Gemclli rotate tlic thigh laterally,* 
The Quadratus femoris ffig* 6s8) is a flat, quadrilateral muscle, between the 
Gemtdius inferior and the upper margin of the Adductor magnus ; it is separated 
from tile latter by the transverse branch of the ntedial circumflex femoral arterv 
It arises from the upper part of the external border of the tuberosity of the ischiiim! 

* Sec fckoiiwtc, pr fiSj, 
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anti ia inserted ifilo a pmali lubcrclc on the upper part of tite trochanteric crest of the 
femur, and for a short d^tance into the bone below^ As it passes to its insertion the 
muscle lies posterior to the artioilar capsuEc of the hip joint and the neck of the 
fcmur^ but it is separated from them by the tendon of the Obturator externus and 
the ascending branch of the medial cJrcumdcx femoral artery, A bursa is oftai 
found between the front of this muscle and the lesser trochanter^ 

Mcrvc-supply.—The nenx to Quadratus femoris derives its Bbres from 4 
and 5 and 3 . £. 

Action^—The Quadratus femoris is a lateral rotator of the thighr* 

The Obturator entemitts (fig. 651) is a flat, uianjjpiJar muscle which covers the 
outer surface of the anterior ^vail of the pelvis. It arises from the margin of bone 
immediately around the medial side of the obturator foramen^ viz, from the rami 
of the pubiSn and the ramus of the Ischium “ it also arises from the medial two^ 
thirds of the outer surface of the obturator mcinbranc* and from the tendinous 
arch which completes the canal for the passage of the obturator vessels and nerves. 
The fibres springing from the ramus of the ischium extend for a short distance on to 
the pelvic surface of the bone, where they obtain a narrow origin between the margin 
of the foramen and the attachment of the obturator tnembranc fp* 6^7), The fibres 
converge and pass backwards, laterally and upwards, and end in a tendon which 
nina across the hack of the neck of the femur and lower part of the capsule of the hip 
joint and is inserted into the Irochantcric fossa of the femur, A bursal sac; which 
communicates with the synovial itv of the hip joins, may be interposed between 
this tendon and both the capsule of the hip joint and neck of the femur. The 
obturator vesseEs lie between the muscle and the obturator membrane ; the anterior 
branch of the obturator nerve reaches the thigh by passing m front of the muscle, 
and the posterior branch by piercing it (fig, b3i)- 

Nervfi-supply.—The Obturator extemus is supplied by the posterior branch 
of the obturator nerve (L, 3 and 4). 

Action.—The Obturator extemus is a lateral rotator of the thigh,* 

4, Tm FosTiiiuoR Foiohal (fig. bzS) 

Biceps femoris. Scmitcndiuosus. Semimembranosus, 

The Biceps femoris (figs. 6^4, 626, 62S) is situated on the posterolateral 
surface of the thigh. It has two heads of origin t one, the long head, arises from the 
lower and medial impression on the upper part of the tsehial tuberosity (fig. 424) 
by a tendon common to it and the 3 errutendinosus, and from the lower part of the 
saemtuberous ligament; the other, the short head, from the lateral lip of the linea 
aspera of the femur, bet^vecci the Adductor magnus and Vastus lateralis, extending 
up almost as high as the insertion of the Gluteus ntaxirmLs ; from the late nil supra¬ 
condylar line to Within 5 cm, of the lateral candyie ; and from the lateral inter¬ 
muscular septum. The fibres of the long head form a fusifortn belly w^hich passes 
downwards and laterally acn>^ the sciatic nerve to end in an aponeurosis; this 
aponeurosis covers the posterior surface of the muscle,, receives on its deep surface 
the fibres of the short head, and gradually narroAV's. down into a tendon which is 
inserted into the lateral side of the head of the fibula, and by a small slip into the 
lateral condyle of the tibia. This tendon forms ibe Luera! hamstring ; its main part 
embraces the fibular coLluicral ligament and is inserted into the hcfad of the fibula. 
The remainder spEits into three lamella!, the intermediate of which is inserted into 
the fibular col I ate nil ligumcni iv h ile the other lamella; pass rt^spcctively superficial 
and deep to this ligament to be attached to the lateral randyIc of the liliia.f The 
common peroneal nerve descends along the medial border of the tendon and 
separates it, IkIow , from the lateral head of the Gastrocnemius, 

N'ervc-supply- The liiccpa femoris Is supplied hy the sciatic nerv e ; the long 
htad through the tibial pfsrtion ( 3 . 1, and 3), the short head through the common 
peroneal portion (L. 5 and S, 1). 

The Sernitendmosus (figs, 628), remarkable for the great length of its 
tendon of insertion, is situated on the posteromedial surface of the thigh. It arises 
from the lower and medial impression on the upper part of the tuberosity of the 
ischium, by a tendon common To it and the long head of the Biceps femoris ; it also 
arises from an aponeurosLa connecting the adjacent surfaces of the two mu&cEes to 

* ScT fiwtitoic. p, 667 
t R. 3 , Sntath, j, j 4 niit., 1955^ 
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the extent of about 7-5 cm. from their or^gli). The miiBcIc is fusiform and ttvh a 
little below the middle of the thigh ui a long, round tendon, which lies on the surface 
of the Semimembninosus muscle; the tendon ctirv'es around the medial condyle 
of the dbia^ passes over the tihial colktcral ligameni of the knee joint, frotn tvhich 
it is separated by a bursa^ and is inserted into the upper part of the medial surface of 
the shaft of the tibia Ixhfnd the insertion of the Sartorius and below that of the 
Gracilis. At its insertiDn it is united with the tendon of the Gracilis and gives off a 
prolongation to the deep fascia of the leg. A tendinous intersection is usually present 
about the middle of the muscler 

Ncn^c^upply.—The Semitcfidinosus is supplied by the sciatic nerve through 
the tibial portion (L. 4 and 5 and S. 1 and 2). 

The Semimcmbranosiis (hgs, 62b, 628. 63so called from its membranous 
tendon of origin, is situated at the back and medial side of the thigh. It arises by a 
thick tendon from the upper and kteml impression on the tuberosity of the ischium 
(hg+ 4 ^ 4 )f ^bovc and lateral to the Biceps femoris and Semitendinosus, and is 

FjOh 6jz,“A transverse: oeetioTi tbrouah ihe thiifh, 4 cm, ^bove the 
Jldductor Cyberclc of the femur. FrhUr-^fkTliu of nutuntl iisc. 

TtitAott pf fetnoptM 



inserted into the groove on. the back of the medial condyle of the tibia. The tendon 
of origin expands into an aponeurooifi which passes downvi'ards under cover of the 
Semitendinosua and long head of the Biceps femoris ^ from thia apoueurosis 
muscular fibres arise, and converge to anoiher aponeurosis w^hich covers the lower 
part of the posterior surface of the muscle and narrow's into the tendon of insertion. 
The tendon of insertion gives off certain fibrous expansions: one, of considerable 
size, passes upw'ards and laterally to be tnserted into the intercondylar line and lateral 
condyle of the femurs forming the ohlii|Uc popliteal ligament of the knee joint • a 
second is continued downw'srds to the fascia w^hich covers the Pophteus muscle ; 
while a few fibres join the tibiaJ collateral ligament of the knee joint and the fa^a of 
the leg. 'ITe muscle overlaps the upper part of the p>pliEcal vessels and is itself 
overlapped and partly hidden by the Semitendinosus muscle throughout its whole 
extent (fig. 62S). 

The tendons of insertion of the Semitendinosus and Semimembranosus form 
the medial hamstrings, 

NervMupply.—The Semimembranosus is supplied by the sciatic: nerve 
through the tibiaJ portion (L. 4 and 5 and S, 
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Actions.—The posterior femoral muscles, acting from abov^e. Hex the leg on 
the thigh. Acting from belo^v, they serve to support the pelvis on the head of the 
femur, und draw the trunk backwards when it is raised from the stooping 
position. When the knee is semiflexed, the Biceps femoris can act as a latctal 
rotator, and the Semimembranosus and Semite ndinosus as medial rotato rs of the teg. 

Wiicn the knee is Hexed against resistance, the tendon of the Bleeps can he felt 
without difficulty un the lateral side of the depression which overlies the popliteal 
fossa. On the medial side of the fossa, the tendons of die Gnicilia, which is the 
more medial, and the Semi tend inosus stand out very sharply, and in the interval 
between them tJie Semimembranosus tendon can be felt, tliough less distinctly as it 
is more deeply situated. 

AppiM .d/imowy,—In diaease of the knee joint, eontiaetion of the hamitrinif 
tendons n 9 fr«iucnl complisation t this causes flexion of the leg, and a parfiBi dis- 
iocstiDii of the tibia backwards, with a sUght degree of Idtcral rotation, probably due to 
thic flctipii of the Biceps femoris. ^'hc hflmstrtnig’ tcndoiui tK^cos^ionolIv require- auh- 
culuneoui division. 'Fhc rekiion of the common pemneal nerve, which lies in close 
i^sition to the medial borier of the tendon of the Biceps femoris, must si ways be 
borne in nund in dividing this tendon, and u free incision with exposure of the tendon 
before division, is the safer proceeding. 

'Die length of the liar^tting muscles, when relaxed, shows considerable variation 
and in some individuals the muscira are to sliort that they imptise n serioLs limiraiitm 
on Ilex ion of the trunk at the hip Joints while the knees are extended. Such movc*- 
itients as stooping sm then effected almost entirely by flexion of the vertebral column 
and this is very' liable to lead to excessive flexion strains. 

Ill. The MusetEs of nrE Leg 

rhe muscles of the leg mny be divided into three groups : anterior, lateral and 
postenoj', ' 

1, The Asterioh Cr™al Mdbcles (ftg, 


Extensor digiiomm long-us, 
PcroiH-us tertiiia. 


Tiil>iftlis Antertofi 

Ej{tcn 5 ior holluds lungus. __ 

I , c™«s or deep feucia of the leg is continuous above with the fascia 

a^ and is attached around the knee to the patella, the ligamentum patella, the 
tubercle imd condyles of the tibta and the head of the fibula! Behind, it fottni die 
popiit«l fascia. _which enters the poplit^ foaaa; hero it is strengthened by trans¬ 
verse fibres, and perforated by the small saphenous vein. It receives an extum^lnn 

o7.5?o tVoriSV’’ expansions from the Sidons 

of the ^rtonua, Gracilia, SemticndiiKxmsand Semimembranosus medially: it blends 

with the fwnwteum covering the subcutaneous surface of the tibia, and with that 
covenng dte head ^d mallwlus of the fiLuJa, below, it is continuous with the ex' 
tensor and flexor retmacuhifp.eSjJ, It is thick and dense in the upper ai^damwW 
g.v« origin, by its deep surface, to some fibr^^f the TibiaS 
anterior and Lxter^or digitorum longus t it is thinner behind, where it coi^ri the 
Gastrocnemius and Solcus. On the lateral side of the lee it gives off the 

repfn, which are attachefriSir^vl- fo 
jnd p„.™o, b»d.» of ,ho tbuU i In .ho omoriorrj SS, 



' *u- L J O v-E.- -JJ. ''J+I ■* on me lateral side < 

It 15 thick and fleshy above, tendinous below. It anses from rhe >, i J 

upper one-half or two-thirds of the lateral surface of thcThaft of the 

Jhc adjoimng ^ of the anterior surface of the intem^u, 

d«p surface of the fascia cmns t and from the intermuscular septum™ lUnh^d 

the Extensor^digitorum longus. The fibres run verticallv doMwards aniTerH 

tendon which 15 apparent on the ^terior surface of the muscle a?The 

third of the leg, it passes through the medial compartments of the superior und 

mfencr extensor retinacula, inclines towards the medial side nVVk- rJ! T- 

inserted into the medial and under surfaces of the medial cuneifor^^ hilT^ 

OPtenor nhial vessels and deep peroneal nen e in the upper purt of rL l4 
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Actions.— WhrR the foot r# on the ground and under load, the Tlblitlis anterior, 
MtiHg from a6«w, elevates the first metataraal and the medial cuneiform bones and 
fotaiefi them Uterdly, thus raising the summit of the longimdinal arch and, st the 
^mc ume, inverting the foot {cf. actions of Pemneus Lungus, p. 675); in this wav 
it initiates the movements by which the resting foot U transfomicd into the active 
arched form (p. 544). Acting from heloeOf it assists in maintaining the balance of the 
body by drawing the leg for^vards at the talocrural joint, when tlicre is a lendencv to 
overbalance in a backward direction. 


Fro. 633 .—A tnnererte Kcdon throuigh ihr leg, four inehra below the knee joint. 


Tftioffi snttavu at. ta-iiUir mterin nt. 
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taphdmm* t. 


^ufmvniirf w. 
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OhnniiLT m 


rti. 
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iVhefi the foot is off the grottiiJ, the Tibialis anterior aett as a dorsiliexor of the 
talocrural Joint and its tendon can be seen immediately lalerai to the arttcrior border 
of the tibia and traced downwards and medially across the front of the ankle to the 
medial aide pf the foot. 

The Eatensor hallucis longus (figs. 634, 636) He* between, and is partly 
bidden by, the Tibialis anterior and the Extensor digitomm longm. It arise* from 
the anterior surface of the fibula for about the middle two-fourths of its extent, 
medial to the origin of the lixiensor digitorum longus i it also arise* from the anterior 
surface of the intemsseous membrane to a similar extent. The anterior tibial vessels 
and deep peroneal nerve lie between it and the Tibialis anterior, The fibres pass 
downwards, and end in a tendon which occupies the anterior border of the musek. 
It passes deep to the superior and through the inferior extensor retinaculum, ertssscs 
to the medial side of the anterior lihial vessel* near the talrtcrural joint, and is 
inserted into the dorsal aspect of the Itasc of the distal phalanx of the great toe. 
Opposite the metatarsophalangeal articulation a thin prolongation is given off from 
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ja usujilly inserted inio the of the 
proxittiii! phalanx. 

Actions.—l^hr Extensor hallucis 
lofigTJS extends the phalanges of liie 
great toe; in continued action it doisi- 
flexes the foot. In the living subject 
itB tendon can readily be identified 
on the lateral side of the tendon of 
fnm/tiGH Tibialis anterror^ 

StrfiwiHf It should be noted that^ when the 
great toe is actively extended, rela* 
tivcly little force is required to over- 
come the extension of the distal 
phalanx, whereas considciabk force 
must be exerted to overcome the cx- 
tension of the proximal phalanx. 

'rhe Extensor dtgitorum Lofigus 
(figs. 633 t^ 634, 63 b) is a pennatc 
musde, situated at the bienil pari of 
the front of the leg. ft arises from the 
lateral condyle of the tibia, the upper 
three-fourths of the anterior surface 
of die shaft of the hbiila, the upper 
part of the anterior surface of the inter¬ 
osseous membrane^ the deep surface 
of the fascia cruris, tht anterior crural 
Intermuscular septum and the septum 
between it and the Tibialis anterior. 


JWatfMjHJ 


XTii-Alli, 


F^ii. 

C/rf. 


lir^. 


Fjq, 634,—Mittclrs an uicniar BJiped of leg* 
(FtDiTi Quiiin's Xf . Edition.) 


each Side of the tendon and covers the 
dorsal surface of the joint. An expan¬ 
sion frosn The medial side of the tendon 
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Actiaos.—The Estensor dtgitorum bjigus cxicnds the 106 $^ when its 
action is cond;nu«i, dorsiflMca the foot. 

The Pcrontiis (fibularis) leftius (figs* 634, 641) is a part of the EvtenBor di|fi- 
tomm longuss and might be described m its fifth tendon. The fibres belonging 10 
this tendon arise from the Jower onc-ihird or more of the anterior siirface of the 
fibula, the lower part of the anterior surface of the interosseous membrane and the 
anterior crural intentutscubr septuin. tendon passes behind the superior and 
wilhin the loop of the inferior extensor retinaculum in company w ith the Extensor 
digitorum longus (fig. 640)^ and is inserted into the medial part of the dorsal surface 
of the base of the l5th metatarsal bone, but often spreads into a thin sheet which 
extends forveards along the medial border of the shaft of the bone. This muscle is 
sometio^es missings 

Aclions+—The Peroncus tertius dorsidexes the foot; it also raises the lateral 
border of the foot, ix. everts the foot. 

Nervtssupply^—All the anterior crural muscles are supphed hy the deep 
ptToneal nerve. The Tibialis anlerior is inncnaied by L, 4 and 5, but the others 
receive their aupply from L. 5 and S, 1. 

2. The Lateral Crural Muscles 

Pcroncus longus« 

Pemneus brtvis. 

The Peroneus [fibularis) longus (figs. 633, 637, 63SX 'vhich is the more super¬ 
ficial of the two muscles, is situated at the upper part ofthe lateral side of the leg. It 
arises from the head and upper two-tiiirds of the lateral surface of the shaft of the 
fibula, from the deep surface of the fascia cmiis, and from the anterior and posterior 
crural intermuscular septa : occasionally also by a few fibres from the lateral contlyle 
ofthe tibia. Betv^-een its attachments to the head and fnndy of the fibula, them is a 
gap through which the common peron^ nerve pasi^. It ends in a long tendon, 
w hich runs behind the lateral malleolus in a groove eomnion to it and the tendon of 
the Pcroncus brevis, liehind which it lies i the groove is converted into a canal by 
the superior peroneal reiuiaculum, and the tendons in it are contained in a common 
synovial sheath (fig. 641). The tendon then runs obliquely forwards across the lateral 
side of the calcaneus, below the peroneal trochlea and the tendon of the Pcroncus 
brevis, Sind under cover of the inferior peroneal retinaculum (p. 6 ! 34 ); it- crosses 
the lateral side of the cuboid bone, and then runs on the under surface of tlrat bone 
in a groove which Is converted into a camil by the long plantar ligament (fig. 550). It 
crosses the sole of the foot obliquely, and sa inserted by two slips into {a) the lateral 
side of the base of the first mctaiaml bone and (fi) the lateral aide of the medial 
Cuneiform bone occasionally a third slip is attached to the base of the second 
metatai^ bone. The tendon changes its direction at two points: {a) btlow' the 
lateral malleolus, (b) on the cuboid bone ; in both of these situations it is thickened, 
and, in the latter, a sesamoid fibrocartilage (sometifnes a bone) is ^ually dcv^eloped 
in Les substance. A second synovial sheath invests the tendon as it crosses the sole 

of the ffjot- _£■ - n 

Nerve-supply.—The Pcroncus longus is supplied by the superficial peroneal 

nerve (1., 5 and S. t). 

Actions.—In the active erect posture (p. 545) the Pcroncus longus produces 
depression and medial rotation of the first metatarsal and medial cuneiform bones 
and fio enables the inverted foot to remain plantigrade^ Taking its fixed point below, 
the Peroneus longus helps to steady the leg on the foot; this is especially the case 
in standing on one leg, when the tendency of die superincumbent weight is to 
thrown the leg medially* As a consequence of the oblique direction of its tendon 
across the sole it is an important agent in maintaining the enmaverse and lateral 
longitudinal arches of the foot in the active erect posture fp, 545). and in this respect 
it is associated with the Tthialis posterior. When the foot is off the ground, it is 
an evertor and can be seen as a narrow' muscular ridge on the lateral aspect of the 
leg when it is actively contracting. 

The Peroncus (fibularis) brevis (figs. 636, 637) arises from the lower two- 
thirds of ihe lateral surface ofthe shaft of the fibula, in front of the Peroneua longus ; 
and from the anterior and posterior crural internniscular septa. The fibres pass 
vertically downwards, and end in a tendon whkh runs behind the lateral malleolus 
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along ’rt'ith, but in front of, that of the Peroncus bngu^;* tht two tendons passing 
deep 10 the superior perone^ retinaculum and being endased in a conuriGn syitovid 
sheath (p, 685). it then runs forw'afds on the laleril aide of the cdqaneua above the 
peroneal trochlea and the tendon of the Peroneus longua, and U inserted into the 
tubercle on the base of the fifth metatarsal bone, on its lateral side. 

FiC^ 635,—^Tbe muKln of the ri;?hl ley, viewed from the medial tide. 

(From Ouiin^t XI. Editien.) 
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On the lateral surface of the calcaneus the tendons of the Peronei loncms el 
brevis occupy sepDrate. osseo-aponeurotic caiub formeti by the calcancm and the 
inferior peroneal mui^lum ; ach tendon is enveloped by a forward prolonHtitm 
of the common synovial sheath (fig. 641). * 

superficial poroneal nme 

Ac^o^—iTic Pc^«s brevis prevents over-inversion of the foot and so dio- 
^ the hgame^ which a« put op the stretch by this movement (lateml rJi of 
intero^us ttlocalcanean, lateral ralocalcancan and calcaneofibular). It Mrtid 
pates ID producing cverstoa of the foot. ' 
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Acting from below, the Peroneus btevis helps to steady the leg on the foot (cf. 
Peroncus longos, p. 675). 

3, The Pobterior Chiiral Muscles 

The muscles of the back of the leg are subdivided Into two groups—superficial 
and deep. Those of the superficial gnmp constitute a powerful muscular mas, 
forming the calf of the leg. Their large size is one of the most characteristic features 
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of the mos^iilar apparatus in man, and belts a direct relatEon to his ttect attitude 
and his mode of progrcsflioiii 


SupgifiditJ GrafP (fig. 657) 

Castrocnemius» Soleus, Plantans* 

The Gastroencmiua (figSs 633, 637), which is the most supcrfidal muscle of the 
groupr forms the greater part of the calf. It arises by two heads* which are connected 
to the condyles of the femur by atrong* flat tendons. The medial and larger head 
takes its origin from a depression at the upper and posterior pari of the m^ial 
condyle behind the adductor tubercle, and from a slightly raised area on the popliteal 
surface of the femur just above the ixtedia] condyle. Ilic lateral head arises from 
an impression on the lateral surface of the lateral condyle and from the lower part 
of the corresponding stipracondylor hne. Both heads also anse from the subjacent 
part of the capsule of the knee joint. Each head spreads out into a tendinous 
esepansion which covers the posterior surface of the corresponding part of the 
muscle. From the anterior surfaces of these tendinous expansionSp musclar 
fibres are given off; those of the medial head e^ctending lower than those of the 
lateral. The two heads remain separate and their fibres are inserted into a broad 
aponeurosis which is developed on the anterior surface of the muscle. The apo- 
neurosis^ graduaUy contractings unites with the tendon of the fSoleuSi and with 
it forms the i^do (p- 67S)* 

Fclatloiu.—The fascia cniris separates the sup^dai mrfacf of the muscle from 
the small saphenous vein, and the peroneal communicating and sural nerves j the 
common peroneal rtcrvfs emsses the latetal head of the muscle, lying partly under cover 
of Dicepa fempris. The rferp lurfafr la in nelation with the oblique popliteal hgament. 
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X[- Ediliqn.) 







the Poplitcus, Scileiiflp PlnnEaria, popliteal 
vcfisck and tibial nerve, A bursa^ which, in 
some cfl^es, comTnmiioites with the cavit:y nf 
the knee joint r i* plfl-ced in fitm i of die tendon 
of the m^ial head. The tendon of the lateral 
head somctirrcji eontajnij a sefiamoid hbro^ 
eartila^e Of hone^ where it plfly^ over the cof- 
respondinj;; condyle ; and one idi oecasionaJly 
found in the tendon e>f the medial head, 

Ncrve^upply+—The Gastrocnemius h 
supplied by the [ibial ner\'c (S. 1 and a). 

The SoLeiis (figs. 633 p 637) is a broad 
ftfli muscle situated immediately in front of 
the Gastrocnemius. It ariafs by tendinnus 
fibres fimm the bach of the head, and from 
the upper one-fourth of the posterior surface 
of the shaft of the fibula; from the soleai 
line and the middle one-third of the medial 
border of the tibia; and from a fibrous band 
which stretches between the tibia and fibula^ 
and arches over the popliteal vessels and 
tibial ncr\'e- l*hc muscular fibres end in a 
flat Undon which covers the posterior sur¬ 
face of the musclcp andp gradually becoming 
thicker and namowerp joins with the tendon 
of the Gastrocnemius, and %vith it fonns the 
tendc calcaneus. 


RelalioELs+—1 ts UifvrfidaJ surface is m re- 
lation with the Ga^truenemiue and Plantaris; 
it* suffocct with the Flexor dlgicorum 
longus. Flexor hRiluds longus. Tibialis pewt- 
criorp and posieriur tibial vessels and tibial 
ntrve^ fmtn all of which it is sepamicd by the 
deep transverse faijcia of the leg. 


Nerve-awpply,—-'nse S^ilctis is supplied 
by two brancht^ from the tibial nen^ (L. 

S. 1 and 2). 

The Gastrocnemius and Sgleus form 
a muscular mass which is occasionally dc- 
seribed as the Triceps mrf^ \ its tendon of 
ItiscTtion b the tendo calcaneus* 

The tendo calcaneus [%* 637) b 
the thickest and strongest tendon m the 
body. It b about 15 cru. long, and be¬ 
gins near the middle of the leg, but its 
anterior surface receives fleshy fibres from 
the Solcus, almost to its lower end. It gradu^ 
ajiy narrows and thickens until it reacheB a 
level about 4 cm. above the caleancus; 
belfwv this it expands and b inserted into 
the middle of the posterior surface of the 
calcaneufi, a bursa being interposed he- 
nveen the tendon and the upper part of 
this surface. 


Actions.—The muscles of the calf are 
the chief plantar-flexors of the foot; they possess considerable power, and are 
usually of large ske« 

Thf CaitrocTirmitif pr^fVides the prop?///wj?/^r« jn uatking, rummig and ktipiap, 
but the Solcus probably is mainly concemed with steadying ihc leg on the 
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fwjt in the standing position and its postural runctiDn is of tnoro importanceits 
value as a prime mover. In standing tlis weight is usually borne more on the fore¬ 
foot than on the heel, and a strong brace ia required behind tlie talMniral joint to 
maintain the posture. In this position the Soleus projceis Irom under cover of the 
Gastrocnemius, especially on the lateral aide and its fleshy belly extends to a lower 

The Planlaris (Eg. 637) arises from the lower prt of the lateral supracondylar 
line, and from the oblique popliteal ligament. It forms a small fusifom belly, 
from 7 cm. to 10 cm. long; this ends in a tong slender tendon, which crosses 
obliquelv between the Gastrocnemius and Soleus and runs along the meaial border 
of the tendo calcaneus to be inserted with it into the posterior part of ihc cal^neus. 
This muscle is sometimes double, and at other times missing. Occasionally, ns 
tendon is lost in the flexor retinaculum {p. 684). or m . , 

Nerve-supply.— rhe Plantaria is supplied by the ttbial nerve (L. 4 and 5 anil 

^ Actions.—The Plantaris is the rudiment of a large muscle, the tendon of which 
is inserted into the plantar aponeurosis in some of the lower animals: in man it is 
an accessory to the Gastrocnemius. 


Deep Group (fig. 638) 

Popliteus. Flexor digitorum longus. 

Flexor hallucis longus. Tibialis posterior. 

The deep transverse fascia of the leg is a septum bclw'etn the superficial and 
deep muscles of the back of the leg. At the sides it is connected to the medial maigin 
of the tibia and the posterior border of the fibula. Above, where it is thick ^d dcnM, 
it is attached to the solcal ridge of the tibia and to the fibula, below and medial to the 
origin of the Soleus. Between these two attachments it is continuous with the 
fascia covering the Popliteus and receives an expansion from the tendon of the 
Semimembranosus; it is thin in the middle of the leg \ but ^low, where it (»vers 
the tendons passing behind the malleoli, it is thick, and continuous with the flexor 
retinaculum and the superior peroneal retinaculdio (p. 685)- 

The Popliteus (fig. 638} is a flat, triangular muscle, which foi^ the floor ol the 
lower part of the popliteal fossa. The lateral, or principal part of the muscle ari!^ 
bv a strong tendon, about a 5 cm, long, from a depression at the omenor ps^ of the 
g^oove on the lateral condyle of the femur, and its medial tibrcs take ongm from the 
arcuate popliteal ligament (p. 522) where it blends wuh the hbrous capsule over the 
lateral meniscus and from the outer margin of the latter. It is insetted into the 
medial two-thirds of the triangular area above the sokal line on the posterior 
surface of the shaft of the tibia, and into the tendinous expansion which covers the 
muscle. 


Relations.—Its tcjiden of oriKin is Immcapsubr and is covered bjr the tibular 
collateral liRammt of the knee, and the tendon of the Bicep* fetnons ffiB- In¬ 

vested on its deep surface by the s>Tiovkl membrane, it groesves the prctenor border ot 
ihc lateral meniscus and the adjoining part of the tibia tnd emerR^ from under cowr 
of the posterior band of the areuaic hpunent 5 J 7 ). jhe fliwr of the 
fossa it is covered by a stronK layer of fascia which is derived for the most part from 
tlif tendon of the ScmirtLcmbrnnuMiia. 

Nervc.sttpply.-The Popliteus is supplied by the tibiai nerve (L. 4 and 5 and 

^ Actions.—The Popliteus rotates the tibia medially on the femur, or, when the 
tibia is (Lxed. rotates the femur latcmlly on the tibia It b usually regarded as the 
muscle which ‘ unlocks ’ the joint at the beginning of flexion of the tully extended 
knee (p. 5x8). Through its connexion with the arcuate popliteal lig^eni. Ithrous 
capsule and lateral meniscus, it is able to draw the posterior part of latter back¬ 
wards during lateral rotation of the femur and flexion of the knee joint and so pro¬ 
tects the meniscus from being crushed between the femur and the tibia during 

The Flexor hallucia longus (figs. 636, 638) ta situated on the fibular side of the 
froiTi the inferior two-thirds- of the posterior surfsce of the of the 
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fibula^ Mi-ith the cKc^pdon of about 2^5 cm. at ita Eoiivcst part ; from the lower part 
of the posterior surface of the interosseous membrane; fmm the posterior crural 
intermuscular acptuiriH and from the fascia covering the Tibialia posterior, which 
it overlaps to a considerable extent, l^he fibres pass obliquely doivnw^ardSj and 
end in a tendon which occupies nearly the whole length of the pcisterior sur¬ 
face of the muscle. This tendon lies in a groove which crosses the pofitcrior 
surface of the lower end of the dbia, the posterior surface of (he talus, and the uncler 
surface of the sustentaculum talare of the calcaneus (fig^. 639,640). In the ^ole of the 
foot it runs forw-ards between the two heads of die Flexor haUucis brevis^ and is 
inserted into the plantar surface of the base of the distal phalanx of the great toe. 
I'he grooves on the talus and calcaneus which contain the tendon of the muscle art 
converted by fibrous bands into a canal, which is lined by a synovial sheath p As the 
tendon passes forwards in the sole of the foot, it situated abovCr and cros^ from 
the lateral to the medial side of the tendon of the Flexor dig]torum longus, to which 
it is connected by a fibrous stip+ This slip varies considerably in size \ it Is- usually 
distributed to the tendons for the second and third toes, but is sometimes restricted 
to dial for the second, and occasionally is distributed to the tendon for the fourth toe, 
in addition^ 

RclatiOEis.— The superficial sitsfuce of the muscle is in relation with the Snleus and 
tendo catcanfua^ from which it is separated by the deep transverse fascia ; its deep 
surfa£f., with the fibula, Tibislia posterior, the peroneal vessels, the lower part of the 
ioterusseous mcmbrBne, luid the talocrural joint ^ its fuieral frorJer, with the Peronei ; 
its medial border^ -wiih the Tibialis posterior, posterior tlbial vessels and tibia I nen'e^ 

Nerve-supply,— "^I'hc Flexor hallucis longus is supplied by the libial nerve 
( 1 .. 5 and S. I and 2}. 

The Flexor digitomm longus (fig. 6 jS) is situated on the tibia! side of the leg. 
Its upper part is thin and pointed, but the muscle gradually increases in size as it 
descends. It arises from the posterior surface of the shaft of the tibia^ medial to the 
tibial origin of liie Tibialis posterior ; this origio extends from just below the solcal 
line to within 7 cm. or 13 cm. of the lower extremity of the bone [ it also arises from 
the fascia covering the Tibialis posterior. The fibres end in a tendon which runs 
nearly the whole length of the posterior surface of the muscle. Thia tendon gradu¬ 
ally crosses the Tibialis posterior and passes behind the medial malleolus^ in a groove 
common to it and the Tibialis posterior, but separated from the latter by a fibrous 
septum ; each tendon being containtd in a special compartment lined by a separate 
synovial sheath. It passes obliquely forvvards and laterally, in contact with the 
medial side of the sustentaculum tafare (fig. 639). deep 10 the flexor retinaculum, 
and enters the sole of the foot (fig^ 646)+ where it crosses below (i^e. superficial to) 
the tendon of the Flexor hallucis longus, and receives from it a strong slip. It then 
expands and is joined by the Flexor digitomm accessorius and finally divides into 
four tendons, which are inserted into the plantar surfaces of the bases of the distal 
phalanges of the second, third, fourth, and fifth toes, each tendon passing through 
an opening in the corresponding tendon of the Flexor digitorum brevis opposite the 
base of the proximal phalanx. 

Relations.—In the leg Its mperfidat sur/aet is in relation with the deep transverse 
fs5cia, which separates it from the ^Icus, and, distally^ with the posieripr tibia! vessels 
and tihial ncr^'e *, its deep surfaee, w^ith the tibia Eind I'ibialis posterior. In the fi>ot it is 
covered by the Abductor bslEucis and l^esor JigitOTum brevri, and crosses superficial 
to the Flexor hallucis longus. 

Nerve-supply.- The Flexor digitonim longus is supplied by the tihial nerve 
(L. 5^ S. 1 and zj- 

Actions.— the fml is off ifte ground, both the preceding muscles flex the 
phalanges of the toes, actifig primarily on the distal phalanges. In continued action, 
they assist in plantar-flexion of the foot. 

IVhen the foot is on the ground and under load, these muscles, acting synergically 
with the small muscles of the foot and—in the ease of the Flexor digitorum longus— 
especially with the Lumbricalcs and Interossel (p. 690), maimain the pads of the 
toes in firm contact with the ground^ enlarging the weight-bearing area and helping 
to stabilise the heads of the uirtatarsal bones^ which form the fulcrum on which the 
body is propelled forwards. 


VI 
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Both the Flexor hallucb Longue and the Flexor digitanim longy& play* important 
parta in nmrntaining the lungitudinai arch oF the fool (p. 544)* 

Tlie Tibialia posterior (figs* 633, 638) tak^ ongin bertween the Flexor hnBuds 
Ipngua and Flexor digitomm longua, and is ovedapped by both tntisclcs^ but 
eapecialLy by the Flexor hallucia longua; it is the deepest muscle on the back of 
the leg. It begins above by m-o pointed pmcesscs, separated by an angular inten’al 
through which the anterior tibial vtssels pass to the ffOtit of the leg. It arifiw from 
the posterior surface of the crura! intcrosscotis membrane, with dm exceptian of its 
lowest part; from the lateral portion of the posterior surface of the sRa/t of the 
tibia, hetwren the commencemertt of tbc aolcal line above and the junction of the 
middle with the lower one-third of the shaft belovv ; and from the tipper twcMhirds 
of the medial part of the posterior surface of the fibula ; some fibres also arise from 


Fig. a corQiul iicctiDii through iht left taJocrunil, tiilooiJaLntaa and xubnilarlqiikt?^ 
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the deep transverse fasda, and ftom the inlemiuscukr septa separating it from, the 
adjacent muscles. In the lower one-fourth of the leg its tendon pa&scs in front of 
(i.c. deep to) that of the Flexor digitomm longus and lies with it in a gtooi c behind 
the medial malleolus, but endosed in a feparatc sheath ; it next pass® deep to the 
Bexor retinaculum (p* 614) 3 ^^ superficial to the ddioid ligament (fig, 630) into the 
fool, and then below the plantar calcaneonavicular ligament, where H mntaina a 
sesamoid fibrocartiJage. It is inserted into the tuberosity of the navicular bone and 
gives off fibrous alips, one of which passes badf wards and Ls attached to the sustenta¬ 
culum lalare of the calcaneus, while others pass forwards and IdtE^nitLy and are fixctl 
to the three cuneiform bones, tlae cuboid bone, and the bases of the second, third 
fourth and, sometimes^ fifth metatarsal bon^ (fig. 4sS), “ " 

RetailOits,~rhe mperfidul mi/are of tlie muscle is in tielatioo with the Soleuft 
from which it 11 separated by the deep transverse fascia, rhe Flexor digitotum Jonnus 
the Flexor halluc» longus. the posterior tibial tibial nerve, and the nemncal 

veaels * i» iur/aff with the inicmsscoux membrane, the tihjfl, fibula aud tibial 
joint. 

Nerve-supply. —Tht Ti bi ills ptiatcrior is supplied by ihc ilbial mn e fj 
and 5). ^ 
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Actions .—The Tibialis poaierior Ls the pnndpal mvertur of the Through 
iis additional alipa of inserrion Into the cnncifnim bones and the bases of ihc mcta- 
taisaJa it b csp^le of flccentuaung the biigitudinal arch of the foot, and it La the 
TnD$c important factor iri the maintenance of that arch (p. 544), when the foal ia 
bearing weight. The attemion of the student has alr^y been drawn to the 
funcTJonal importance of the maintenance of the arches of the foot (pp. 544-545)* 
When the body ia supported on one leg, the Tibialis posterior, acting from below, 
assifits in maintaining the balance by resisting any tendency to overbalance to the 
latent side.* It must be remembered, however, that the rnaintenance of The balance 
in this position calls into play a very large number of muscle groups and particularly 
groups acting on the Kip Joint and others acting on the vertebral cnlunm. 


THE FASCIA ROUND THE ANKLE 

As the tendons of the mueelts nf the leg cross the iBlocniml joint on tlieir way 
to the foot, they are btnmd down by hicalised thickenings in the deep fascia which 
constitute rctinacukr bands comparable, both in mode of formation and in function, 
to the flexor and cKtenscir retinacula of the wrist (p. 640). They oomprise the 


Fjc. 64D.— 1 'ninEVente uCtian thiough the lower plrt of ihe falocmnit joint. 
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superior and inferior e3«tensor retinacula, the flexor retinaculum, and the superior 
and infcKor peroneal retinacula. 

The superior extensor retinaculum (figs. 634, 641) bbids down the tendons 
of the I'ifaialis anterior. Extensor halluds Inngus, Extensor dlgitonim bngus and 
PtfoncuH tertiuSk jts they descend immediately above the front of the talocnird joint; 
the anterior tihial vessels and the deqi pemn^ nerve aUo pass under cover of ili It 
is attached latemliy to the lower end of tJic anterior border of the fibula, and medially 
* Wood Janm^ Siructtif t ai iten m tht Faw/, London, 
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to the anterior Ivoriler of the tibia * above, it is continuouit vAih the deep fascia of 
the leg. Of the tendons concerned only the 'nbiali& anterior has a aynovial sheath 
in this BJtiiBCion (fig^ ^41)1^ 

'Fhe inferior extensor FeirnacuJiLm 634, 641) t&a Y-shaped band placed 
in fmnt of the ulocmral joiotH The stem of the Y is attached to the npper surface of 
the calcaneus, in front of the sulcus calcond, and passes mcdiallv, forining a strong 
loop which encloses the tendons of the Peronens tertius and the fextenaor digitomin 
longus (Jig, O40J. From the extremity of this loop two dive rging bands pass medially 
to complete the Y. The uppirr band consists of two distinct lamella. The deep 
lamella passes behind the tendons of the Extensor hallucis longus and the TibiaJis 
anterior, but in frotit of the anterior tibud vessels and deep peroneal nen^e, to reach 
the libial malJeclus- The superficial lamelb crosses tn front of the tendon of the 
Extensor halluds longus and is then firmly cennected to the deep lamttla j it mav 
or may not he enntinued in front of the tendon of the Tihialis anterior to reach the 


flO. 641 .—'Vht synavisl ihraihs of the tendons round th? righi ankle* 
Latcra! aspect. 
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tibia* The loKtrbaHit extends downwirda anti medially tu be attached to ibe nlajuar 
aponeurosis t it crosses the tendons of the Extensor'hallucis longus and Tibialis 
anterior, the arturia donsalts pedis and t he terminal branches of the deep peroneal 
nerve. From the deep surface of the loop which encloses the tendonTof the 
Peroneus teitius and the Extensor digitorum longus, a distinct band of fibres posses 
medially betw^n the constituent laj-ers of the interosseous talDcaJcanean liesm!^ 
(p, 536) to gain attachment to the upper surface of the calcaneus and th/T.nJ— 
surface of the neck of the talus,* 

The flexor retinacutum (fig. 635) extends from the tibtal malleolus above to the 
margin of ih^ culconcus below; iis upper border Lb contiuuou« with thr dee 
trajwvew faada of tlie leg, its lower with ihc pLuitar stpKiiieiiroaia and the fibres o*f 
oHgui of the Abductor hallucis mu^lc. It convem e series of bouy grooves in ihia 
utuation Loio canals for the of the lencJooe of the flexor inuselcg 

sole of the fwit, and abo afforde protecUon to the posterkir tihial vc 3 $eU and tibial 
nen'o they enter the sole of the fool. From the medial to the Uter^ side thcec 
stnLctureii lie in the follni.vlng order ; tendon of the llbialis posterior, tefidon of the 
Flexor digitorum longus, posterior tibial vcsflcla* tibial nerve^ and tendon of ih- 
Flexor hallucia longua 640}. 

The peroneal retinacula arc fibrous bands which retain the tendons of the 
PerontUB bngUB ^d brevia in posidou aa they croH the latent! side of the ankle 

• IL HskrcNy ikni\h,y. A>tai., Lortd., jo, i8y*. T. T. Sumnu* fltid., 66, *1^3 
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The iufMrriGr rciharufum (fig* 638) extends fram the back of the lateral inallrQliia to 
the deep transi’trsc fascia of the leg and the latcra] surface of the calcaneus. The 
inferior retiTuicuhim is conltnuQUs in front vvith the Lofertor extensor retinaculiuii; 
hehind it is attached to the iatenil surface of the calcaneus; some of its fibres are 
fixed on the peroneal trochlea of the calcaneus, forming a septum between the 
tendons of the Pemneus longus and brevis. 

The synovial sheaths cjf the tendoris round the onkle.^—The tendons crowing 
the talocrural joint are enclosed in synovial sheaths. On the front of the ankle (fig, 
^41} the sheath for the Tibialis anterior extends from the uppr margin of the up^r 
extensor reiinaciilum to the interval between the diverging Hinhsof the low'ct retin¬ 
aculum (fig. 6+2); the sheath for the Extensor digitonim longus and PcrDneiiis teitius 
and that for the Exien^r hallucts longus reach upwards to just above the level of 
the mallcolit the former being the higher^ The sheath of tlie Extensor hallucis 
longus b prolonged on to the base of the first metatarsal bone, while that of the 


Fjg. 64z.-^'l'he synoviiii jheathi of tht tcndoiis round the ankle. 
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Extensor digitorum longus reaches only to the level of the base of the fifth meta¬ 
tarsal bone* On the mfdial tide of the ankle {fig* ^42) the sheath for the l^ibiaJis 
posterior extends for about 4 cm. above the malleolus x below^ it ends just short of 
the insertion of the tendon into the tuberosity of the navicular bone. The sheath 
for the Flexor hallucis longua reaches up to the level of the malleolus, while that for 
the Flexor digitorum longus goea alightly higher ; the former is continued to the 
base of the first mctatBrsal bone, but the latter ends opposite the navicular bone. 
On the taterai tide of the ankle (fig- 641) a sheath, the upper part of which is single 
and the louder pan double^ encloses the Feroncus longus and bresis. It extends 
upwards for about 4 cm. above the tip of the malleoluB^ and downwards and forwards 
for about the same distance. 


l\\ Tue Musclis of the Foot 
1* TfiE Dorsal Muscle of the Foot 
E xtensor digitorum bre%is. 

The fascia on the dorsum of the fooi (fiasds dorsalis pedis) is a thin, membranous 
laycr^ continuous aboA^e with the inferior extensor retinaculum ; at the sides of the 
foot it blends with the plantar aponcurtrsis t anteriorly it ensheathes the tendons on 
the dorsum of the fooL 

The Extensor digEtonim brevis (figs. 634, 64 s) is a thin muscle, which arises 
from the fore part of the upper and lateral surface of the calcaneus, in front of the 
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groove for the Peroninis brevis i from the inierosseous talocalpmcal ligament, and 
the fltEin of the inferior extensor nctiiwiculum. ft passes obliquely foi^ards and 
medially across the doisum of the foot^ and cfida in four tendons. The rncdial part 
of the muscle is usually a more or less distinct shp ending in a tendon which crosses 
the dorsalis pedis artery and la iiiBerted into the dorsal surface of the base of the 
proximal phalanx of the great toe ; U b termed the haituck hrevk. The 

other three tendons arc inserted into the lateral sides of the tendons of the Extensor 
digitorum longus of the second^ third and fourth iocs. 


fio, 643,-^The plsntir aponeiux^u of the left foot 
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Ncrve^-supply^—The Extensor digitorum brevis h suppIScti by the lateral 
icfmiaal branch of the deep peroneal nen-e (L, 5 and S. j). 

Actions.—The Extensor digitorum brcviB extends the phalanges of the four 
toes into which it b inserted, butp in the great toe, acts only on the first phalanx. 


2, TitF Pi^AXTAR Muscles of Foot 

The plantar aponeurosis {fig. 64 J) is of great strength, and consists of white 
fibres disposed, for the ttinst part, longitudinally: it is divided into central, ktcrul, 
and medial portiona. 
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Fid. 644.— Thv pUntiir muBtlea of chr 
rilfhl fooi. Fir»l layer. 


rhe cetdral portion is the thickest: it is 11 ww behind, and Altadicd 10 the 
medial tubercle of the calcaneus prosimal to the of the Flexor diptorurn 

brevis ; it l>e«nii(» bcoadcr and thinner distally. and divides n^r the lieiils of he 
metatarsal bnnes into five processes, one for each toe. I^ch of these processes s^its 
oppoaitc the meintar^phiangtal joint into a superficial ftod a deep ^pitum. I ne 
suLrncial stratum is attached to the skin of the t^nsverse sulois tvhich aparate* 
the toes from the sole. The deep stratum divides mto two slips winch embrace the 
sides of the flexor tendons of the toes, and blend wlh the fibrous sheaths of these 
tendons and with the deep transverse metatami ligaments thus forming a ^nes oi 
arches through which the tendons of the short and long flexors pass to the toe^ 
Through the intervals between tlie five processes the digi^ vessels and nerves and 
the tendons of the Lumbrieal muscles are transmrncd. At the point of division of 
the anoncurosb numerous imnsvcrtc fasciculi bind the pmc«s« together, and 
connilct them with the skin. 'ITic central portion of the plantar aponeumsis is 
continuous with the lateral and medial portions, and sends upwards, at the lines oS 
junction, two vertical intermusailar septa, which ^arate the intermediate fmm the 
lateral and medial groups of plantar muscles; from these vertical septa thinner 
transverse septa arc derived which separate 
the different layers of miisclcs^ ^Phe deep 
surface of the central part of the aporiturosis 
gives origin proximaUv to the Flexordi[?Uomiii 
brevis. 

The hterof portion covers the undersurface 
of the .Abductor dij;:iti minimi; k is iliin 
distally ami thick proxinidly, where it fomis a 
strong band bctivcen the lateral tubercle of the 
c^cancu^^ and the base of the fifth metatarsal 
bone : k b continuoLia medially with the cen- 
tr^ portion^ and laterally with the fascia on 
the clorsum of the foot. 

*rhe mtdiai purtim is thin, and covers tlie 
under aurfacc of the Abductor hallucts : it is 
continuous pmxinially with the Bexor retina¬ 
culum, medially with the fascia dorsalis pedisj 
and laterally with the central portion of the 
plantar aponeurosis^ 

The muscles m the plantar region of the 
foot mav be divided into mcdiBlp lateral and 
intermediate groups ; but for dcseriptive pur¬ 
poses it IS more comcnienl to group them 
in four layers, as met with in the course of 
dissection* 

TIiffFirsiLaytr (fig. fi+4) 

A hductor hallucb. Flexor digilorum brevis. 

Abductor digiti minimi. 

All the muscles of this layer extend from 
the tubercles of the caJcjticus to the toes, 
and therefore, together with the planiar apo¬ 
neurosis, play a subsidiary part in maintaining 
the longitudinal arebes of the foot. 

The Abductor hailucis (fig. 644) Ees along 
the medial border of the foot and covers the 
origins of the plantar vessels and nerves. It 
arises from the medial tubercle of the cal- 
cancusp the flexor rettiuaoolum, the plantar 
aponeurosis, and the intermuscular septum 
between it and the Flexor dig^torum breris. 

The fibres end in a Tendon which k ituertcd. _ i- t ^ 1 

together with the medial tendon of the Flexor hahucis brevis, into the medial side 
of the base of the proximal phalanx of the great loe- 
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Nervc<«upply,—I'l« Ahtluctor haUucis b supplied by the roedial plantar ncn e 

(UqaDclS. t), , , . 

The Fleror digiforum brevis (fig. 644) lies ttntnediatcly under cover ot the 
c^ntraJ piin of iht plnniar aponeurosis. Its deep surface is separated from the lateral 
plantar v r<^ 1^ and nefves bv a thin layer of fascia. It arises by d narrow tendon from 
tJie media! tubercle of the caucus, horn the central part of the plantar aponcurosifi, 
and from the intermuscular septa between it and the adjacent muscicis. It divide 
into four tendons, one for each of the four lesser toes# Opposite the bases of the 
proximal phalanges, each tendon divides into two slips, to allow of the passage of 
corresponding tendon of the Flexor digitomm longusi the two slips then unite, 
partially decussate, and form a gmoved channel for the reception of the tendon of 
ihe Flexor digitomm longus. The tendon divides again and is inserted into the 
aides of the middle phalanx about its middle. The mode of division of the tendons 
of the Flexor digitorum brevis, and of their insertion into the phalanges^ is idendcal 
w ith that of the tendons of ihc Flexor digitorum superhcialis iw the hand# 

Nerve-supply.—The Flexor digitorum brevis is supplied by the nicdial plantar 
nerve 5 and S- 1 and a). 

The fibrous sheaths of the flexor tendons (fig. 644).—The lermmal por¬ 
tions of the tendons of the long and short flexor muscles 3^ contained in ossco- 
aponeurotic canal-s similar in their arrangement to those in the fingers. These 
canals are Iwumded above hy \hn pfisdanges, and liclow liy fibrous hands, the i/igitui 
fibriiiii which arch acrcMs the tchdoi^s, and are auached on cither side to the 

tnargina of the phalanges. Opposite the slujfis of the proxiiruil and middle plialanBcs 
the fibroins hands arc strong, and the fibres arc transverse {tmuhr part ); but op¬ 
posite the joints they urc much ihiimcr. and the fibres arc directed obliquely (cruri- 
fvrm pari). Kach canal contains a syiinvisl sheath, which is reflected on the con¬ 
tained icndons ; ivithin this sheath t’lVcu/ci frttJinum arc arranged similarly to those 
of the fingers (p. fijO). 

The Abductor dight minimi (fig. 644) lies along the lateral border of tbe foot, 
and its medial margin is in relation with the lateral plantar vessels and nerve. It 
arises from the Utcml and medial tutKrclcs of the calcanciia, from the plantar 
surface of the bone between the processes, from tlie plantar aponeurosia, and from 
the intermuscular septum between k and the Flexor digitorum brevis. Its tendon 
glides over a smooth groove on the plantar surface of the base of the fifth luetatarsak 
bone and is inserted^ with the Flexor digit! mmimi brevis, mtn the lateral wde of the 
base of the proximal phalanx of the fifth toe. 

Nerve-supply#—^^fhe Abductor digid minimi is supplied by the literal plintiir 
nerve (S. 1 and 2). 


The Second Layer {figs, 645, 64b) 

Flexor digitorum accessorius. Luinbiicoles. 

I'he Flexor digitorum accessorius (fig, 64^1) arises by two heads which are 
separated by the long plantar ligament: the medial, and larger., head is muscular^ 
and b attached to the medial concave surface of the calcaneus below the groove for 
the tendon of the Flexor hatlucis longus; the lateral headr flat and tendinous, 
arises from the calcaneus in front of the lateral tubercle and from the long plantar 
ligament. The two portions join at an acute angle, and end in a flattened band w^bidi 
is Inserted into the superior surface and lateral margin of the tendon of the Flexor 
digitorum longusH forming a kind of gmove in which the tendon is lodged. It 
usually sends slips 10 those tendons of the Flexor digitorum longus which pass to Uk 
second, third and fourth toes# 

Ncrve-fiupply#—The Flexor digitorum accessorius is supplied by the lateral 
plantar nerve 1). 

*Vhe LumbricaJea (fig, 646) are four small musdes, accessory to the tendons of 
the Flexor digitorum longus, and numbered from the medial ride of the foot; 
they an-« from these tendons, as far back oa their angles of separation, and, with the 
cxccptinn of the fimt, w^hich arises only from the medial border of the first tendon 
of the Flexor digitorum tongus. each springs from two tendons. The rnuscles end 
In tendnnsi which pass dist^ly on tJie medial sides of the four lesser tow, and arc 
inserted into the dorsal digital expanaions on the dorsal surfaces of the proximal 
phalanges. 
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Nervc-«upply.—The first Liunbrical is supplied by the medial plantar nerve 
(L. s sod S. t)', the others by the deep branch of the lateral plantar nerve (S. t 
and 2)> 

Ttfe 7 'hird Laytr (figa. 645, 647) 

Flexor hsOlucis brevia. , Adductor hallucis, 

Fltxor digid minimi brevifl. 

The Ficator hallucis brevis (fig. 6+7) arises by a poinled, lendinoiia piwess 
from the medial pan of the plantar surface of the cuboid bone, behind the groove 


Fic. 645The niusdet of the tolc of the foot and thar nerve* *tippb^ 
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for the Peroneua longua tendon, from the contiguous portion of the lateral cunwform 
bone, and fi»m the part of the tendon of the Tibialis postenor which a attach^ to 
that bone. It divides into a medial and a lateral porrion, and the tendwis of these 
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are iDscrteiJ iiUP the coiTcsportding aides of the base of the proxitn^t pk&lafin of [he 
great trx:^ a sesamoid bone l^ing present in each tendon at its ineeriion- The medial 
portion is bknded with the Abductor hallucis previoos to its insertion ; the lateral 
wkh the Adductor hdluds. 

Nenre-suppty*—llie Flexor haUuc:i& brevis is supplied by the medial plantar 
ncn^c (L* 5 and 8. i). 

The Adductor baLlucis (lig. 647) arises by two heads—oblique and tra ns verse, 
Ttie obfixfuf springs from the bases of the second, third and fourth mctatitrsal 
bones, and from the sheath of the tendon of the Peroncus longus, and is inserted^ 
together with the lateral portion of the Flexor hsUucis bre.™. Into the lateral side of 
the base of the proximal phalanx of the gr^t toe, tmiisverst ArarJ, a narrow, 
flat fasciculus, arises from the plantar metatarsophalangeal ligaments of the third, 
fourth and fifth toes (sometimes only from the third and fourth), and from the deep 
transverse metatarsal ligamciUS, It ta [nserted into the taleral side of the base of the 
proximal phalanx of the great toe, its tendon of insertion blending with that of the 
oblique head. 

Nerve-supply*—The Adductor hnUucis is supplied by the deep branch of the 
bteral plantar nerve (S, i and 2). 

The Flexor digit! minimi brevds (flg. 647) arises from the medial part of the 
plantar surface of the base of the fifth metatarsal bene* and from the sheath of 
the Peroneus kmgur t its tendon is inserted into the lateral side of the base of the 
proxi mat ptjalanx of tJic fifth loc. Occasiunally a fcof t he deeper fibres are inserted 
into the lateral part of the distal onc-balF of the fifth mmtar^ bone : these have 
soTnetimes been described as a distinct muiide—-the Oppujimt dtgiti mimmK 

Nerve-supply-—The Flexor digiti mmimi brevis is supplied by the superficial 
branch of the kteriil plantar nen^e (S- 1 and 2). 

Action.—The Flexor digili minimi brevis flexes the little toe. 

The Fmirth Z^iJVfr 
Intciossci. 

The loterossei in the fool are similar to those in the hand, hut arc grouped on 
each side of the middle line of the wwwJ digit, instead of that of the third. 'Fhey 
consist of a dorsal and a plantar set. 

Ilic Intcrosisei dorsales (fig, 64^5), four in number, are situated between the 
metatamal bones. They nre bipennate muscles, each arising by two heads From the 
adjaceni sides of the metataTSaJ bones between which ii is placed ; their tensions an? 
inserted into the bases of the proximal phalatigcs, and into the dorsal digital expan¬ 
sions- The first is inserted into the medial side of the second toe ; the other three 
into the lateral sides of the second, third, and fourth tocs- In the angular intciV'al 
between the heads of eaeJi of the lliree lateral fruiselca, one of the perforating 
arteries passes to the dorsum of the foot; through the space between the heads of 
the first muschr the terminal part of The dorsal is pedi$ artery enters the sole of the foot. 

The Intcro&sei plantares (fign b4q), three in number, lie below rather thim 
between the metatarsal bones, and each Lh connected with hut one metatarsal brme. 
They arise from the bases and medial aides of the shafts of the third, fourth, and 
fifth metatarsal bones, and arc inserted infn the medial sides of the bases of the 
proximal phalanges of the same toes, and into the txurespondlng dorsal digital 
expanaiuns. 

NervMupply-—^^Fhe Dorsal and Plantar intcrossd are supplied by the deep 
branch of the latenil plantar ticivit ( 3 .1 and 2), e.xccpt those in the fourth interosseous 
apace, which are supplied by the stiperfidal branch of the same nerv^e. The first 
Do rail interosseous frequently receives an extra filament from the medial branch of 
the dtM?p peroneal nerx'e on the doraum of the four, and ihe second Dorsal tnter- 
osscoua a twig from the lateral branch of the same nerve. 

The Actions of the Muscles of the Fooi.—It is to be observed that although 
ihe muscles of this group are capable of pfE^ucing the actions which arct for the 
moet part, Indicated by their names, thdr effective action has to be carried out when 
the foot ia on the ground and ihcir nominal actions are therefore subjected to certain 
modlflcatiofis. TTicir principal functions would appear to be to steady the toes ^vith 
which they are assodaicd and to help to maintain the longitudinal and transverse 
irches of the foot through the medium of their normal tonus. 
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When die heel is raised from the ground in watfeing or n^ning the J* 

transferred to the digital pads of the toes and the heads “f 
Actually, when die digital pad* of the toes exert full pressure on the ground, the to^ 
are held extended at the distal interphalangeal and mcratarsophalangcal joints. I 
arc flexed at the proximal inierphalsingeal jojntt. while ^ ^ 

extended at the metatarsophalangeal joint and flexed at the interp ,_j 

This position results from the active contraction of the fiexof digitorum brtvis a 





c long flexors, which draw the terminal phalanges md I"] 

. ,,,iU of d.. »» .bo.-, dc«nM. »' ; 


f iifipose 
j" of the 

ic attitude of the toes above acsenoco. Tni^rto^i which 

is prevented by the increased tonus of the at tS 

>poec excessive extension at the mciatarsophaUngeal ^ Flexor hallucU 

ro^l interpfudangeal joints. In the case of ^he great t« »he Flexor hallucis 

rtivi :3 titt^vcnts- excessive extension a-t the mctiita-isop ^ J ..j. » ■ * 

ThSMoJri.^^orLoc«»tnotion.-fn walking and running all the muscles of 

lelowcrTmte^rcacdvely concerned, although a 

uiv be contntciing vigorously, while others n«y be 
Ithers aeab thWh not engaged in helping to propel the l^y 
rhibit’an^ncroascd^legrce oUonirs. I’he latter groups include ihoK n hich help 
IpSeJw rhri^ancrS^poiseof theb^^^^ (p. W5) ^md those which help to maintain 
ic arches of the fct:t 


Ftc. 646 ,— ITve pVunm miLiJclea of the 
nghi foct* istcond 


Pic. & 47 .—The pkniar fnOiclt» of the 
righl f«jT, Third lnyci. 
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When walking is started from the resting erect posUian, the feel hecomc slightly 
invericd and the longitudinal and tranaverae arches are acrantimted (p* 5+5) ; at the 
same lime the tmnk is bent forw-ards slightly at the hip jointSp If the first slop is 
taken with the right foot* the right heel is elevated from the ground and the right 
hip and knee Joints aie aimuitaneously flexed^ Active extenainn of the Icnee, 
accompanied by flexion of the Iilp Joint^ awinp the forefoot dear of the ground^ 
the toes being held extended lUicl the lalDcrum! joint becoming doisilexcd to a slight 
extent. At the end of the forvrard swing the right bed comes into contact again with 

Fio. 6+8.—l*he i^ortalMofthi: Sdi Fic. 6+0.—The InrEroajci plantarea of ihc 

fbot. DotmI h:fl foot. Plantar upect. 



the groundp the movenaejit resembling the commencement of the back-swing of a 
pendulunu 

M the right heel meets the ground and tahes some of die body-weight, the left 
heel is raised and the left hip and knee joints become Hexed. The weight, previously 
borne on the whole of the left foot, is shifted forwards to the forefoot: pressure is 
exerted on the groirod through the pads of the toes snd the heads of the metataraa) 
bones: and, under the propelling force of the Gastrocnemius^ with the fotefooi as a 
fiilcrum, the body is levered forwards. At once the right forefoot is brotighi down 
on to the ground and* as the left forefoot is swung ctearg the whole weight of the 
body is supported for a fmedon of a second on one limb and at that stage the most 
important factors in mamtaluing ita balanced poise are the Glutei, medlus and 
minimus (p* 665). Et may be noted in passing that the essentia] difFcrtncc between 
the firat and subsequent steps is that the latter are associated with forward 
propulsion. In addition to ibcic movemenls there is a rotation of ihc segments of 
the lower limb around their long axes during walking. There an intemaj rotation 
of the pelvis, femur and tibia in the swing and early stanc*; phases with external 
rotation in the late stance phase.*H|^ 

1*hc speed of walking depends, in the first instance on the degree of propulaive 
force used and the pressure extrlcd by the forefoot, but the w hole «ri« of move- 
ments can be speeded up and more muscular eoerg)- is espended as the pace is 
increased. The long flexors of the toea exert the nece^ry pressure on the ground 
to stabilise the fulcrum and diatribuic the body-weight, while the Gastrocnemius 
provides the main propulsive force. The Tibialis pc^erior and the Peroneoa longus 
stabilise the foot and obriate any tendency to eversion or inversion. 

• Ah S, Lvverin, V. T. IfUTWin and J, A. B]cwnEr,X iktnt.jL StiFjg^ 30 

t J. R. ClcM imd V. 'r. Inman, iUtfiUFthFrojffi, Irutitulf qf KnEiiic>rH]i[r 

Rnporrh. Univcrmity of CillKHmiq. Sen« IF, IfiAut aa, iyjst. 
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In running at speed the inovemcnte carried out arc very much the same, but the 
hed IS kept elevated from the ground bv the action of the Soleus, and the weight is 
borne alternately on the right and left'forefeet. The mamenturo developed 
great that, onec in each pace, bodi feet are off the ground at tlw s^e time, rhe 
action of the Gastrocnemius is reinforced by the Quadneeps, which, by powertuUy 
extending the knee, increases the thrust of the forefoot agaiiut the ground. 

Analysis of dow rootioti plioiographs of soldiers marching * has r^caW the 
fact that at the instant when the whole weight is taken by one foot, the Quadnwps 
of that side contracts rooraentarily, presumably to oppose the tendency of toe Knee 
Joint to Hex under the stroin. It then relaxes, hut contracts ag^in almost immedi¬ 
ately, this time, apparently, to assist in forward propulsjou.'t 

• St, J. Dudley Buxton. t/Vrnwn/ ammia^tionA 

f For forther deimili on Incenuuion see A. Siciiiiilet, Kinttiniosa' <1/ Wvjnan Body, 
SprmgfieUi» lUtnoii, iflJS- 



ANGIOLOGY 


T iUL vascuUr s>'atem ia lUvide^d fqr descriptive putpo^&cs itiio (la) the blood- 
t'iiuular syslrm, cDutprising the heart and blotil-ve&Mila ikmugh which the 
blood circulates i and (£f) the lyfftphotir consisting of Lymphatic noilea 

and vessels, through which a oolourtess fluid, termed the lymph, circulates.* 
The two syaiems commimicaic with each other and art ititbnateLy associated 
dc vclopmcn tally- 

Tfjc heart is a hollow, museuLir organ situated within the ihonix. Its contrac¬ 
tion ^nds the blood to all parts of ihc body dirongh aconiplicaicd scries of tubes, 
termed itrimes. The arteries ramify extensively in their course thmughnut the 
body, and end in minute vessels, called arUriol^s, which open into a close-meshs^ 
i^etivork of microscopic vesscU, named capiUahfs. After the bluod has passed 
through the capillaries it is collected into a series of minute vessels, called 
which join w ith one another to fonn vdus t the veins unite with one another, and 
ultimately t^vo large venous trunks, named the supenar and inferior vena? cava?, 
are formed which return the blood to the heart, While the blood is passing through 
the capilJarEes a transiudation of certain of its fluid elements tiikes place into the 
tUsue-spuces. In proponions which var>' according to ilic rnctabolic conditions, 
this fluid is taken up partly by the capilLarlcs by a process of reabsorption. and 
partly by the lymph vessels, which return it to the large veins at the root of the neck. 

1 he heart is divided into four chambeis, of which two arc receiving and two are 
distributing chambers. Tht right and left atria receive die blood from the great 
veins and expel it into the right and left tvntrides. From the vcntrides the blood is 
pumped into the arterial system and carried to the various organs of the body. 
Although each atrium communicaies freely with the corresponding vcntridCp the 
right and left chambers of the heart are separated from one another by partitSutis or 
tepta^ and they do not communicate with one another after birth in normal subjecU. 
Tlie superior and the inferior vena: cavse bring to the right atrium blood which has 
become deoxygenated and Iw taken up carbon dioxide during its circubtion through 
the tissues of the body. From the right atrium the blood passes into the right ven^ 
iricle, by which it is expelled into the pulmoitary trunk to be conveyed to the right 
and left lungs. As it circulates through tfie pulmonary capillaries Uie blood Is 
brought into dose relationship with the air in the lungs, and it gives olT some of its 
carbon dioxide content and acquires a fresh aupply of oxygen* Rt^Uected by the 
pulmonary veins the freshly oxygenated blood is returned to the left atrium of the 
heart and passes into die left vaitriele* With each bent of the heart the left ventricle 
pumps ite contents into a large artery termed the aorta, which distributes blood 
through its numeroui^ blanches to all die tissues and organs of the body with the 
exception of the lungs. 

The course of the blood from the left ventricle through die body generallv to the 
right Aide of the heart constitutes the greater or sysifmk circulation, while its 
passage from the right ventricle through the lungs to the left side of the heart is 
termed the lesser or pir/nroniin' circulation. 

It is necessary, however, to point out that the blood which circulates through 
the spleen, pancreas, stomach and the intesiincs is not returned directly from these 
organs to the heart, but is conveyed by the portal vein to the liver. In the liver this 
vein divides like an artery, and ultimaifily ends in capillary-lUce vessels fsbuisoida), 
from which the rootlets of the hepatic veins arise ^ the hepatic veins carry the blood 
into the inferior vena cava, which conveys it to the right atrium. This constitutes 
the portal circuiation, and it will be understood that the blood supplied to the 
above-named viscera passes dirough two seta of minute vessels before TOchiuE the 
inferior vena cava: (i) the capillaries in the spleen, pancreas, stomach, etc., dmimng 
into the portal vein, and (3) the ainusoids in the liver, draining Into the hepatic veins 
The passage through two sets of capillaries enables the blood to take up products o i 
digestion from the alimentary carul and to convey them to the liver cells where 
^ugar is stored in the form of glycogen. * 

■ nie blood iful lymph are aeiErrihnl on pp* 44-^Q. 
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h Bhould be stsiceJ thatp in addition to the normal oapLlfaries^ cross-communica- 
tiona cxiai between the arterioles and venules in the skin of die hands and feet and 
in other situaiions in the body. They are considered more fully on p. 699. 


THE STRUCrURE OF TtlE BLOOD-VESSELS 


fi5P^—A portion of ■ tnuuVerse section 
of the wall of rhe aoito- 
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The arteries (figs, 651).—ITic strueEure of all artcncs ia not idenijcn! and a 

distinction may be drawn between large arieritSp meditim-^ized arteries and artcriolL-s. 

Ltfflftf arifrifi (fig. 650).—These vea- 
8cls+ such as the aotisiH carndd^ tie., Fio. 
arc terrtied £Erien€i of tin fiaiUc typ€ be¬ 
cause of the large proportion of elastic 
tissue relative m muscle in their walls, 

The lutnen ia larger relative to the thick¬ 
ness of the wall than it b in the smaller 
arteries. As in alt arteries the wall com- 
prises three coars^ named from within 
outvi^arda the intiTm, the mfdki and the 
adverjtitia. 

The tunim inuma con^iats of a layer 
of endothelial celb and a layer of 4 ub- 
endothelial connective tissue, ITlc endo- 
theLial cells arc flattened and oval, with 
their long nies in the line of the vcmcL 
The auhcndotltelial connective tissue 
comprises first, n layer of intttlacing col¬ 
lagenous and elastic fibres with a few 
branched cells and some plain muscle 
Hhres. 'Fh Ik is succeeded by s fenestnted 
elastic membriine which corresponds to 
the inicmal clnstic lamina nf the smaller 
ancrita^ but is not sharply demarcated 
from the tunica media because the latter^ 
in these larger arteries, contains a suc¬ 
cession of similar clastic membranes, 

Tlie wmea media consists almoat en¬ 
tirely of concentric, cireularLy duposed 
elastic membranes^ separated from one 
another by fibrous tissue containing plain 
muscle celk. 

The tumca adtifnfitia is composed of 
fibitiu:S tissue containing a few elastic 

fibres. It is rcLaiively thin and merges * 

imperceptibly into the Eurrpimdirtg con- 
nectivc tissue, 

AfAfrujtt-riaedfirleries (fig, b5l)i Most ^ 

of the arteries belong to this group. They 
art sametimes called urirwcf 0/ f/tr mui^ 

£uiar fypt. 

'fhe fwfliro inlima confiists of a single 
layer of endothelium md the ini^rtuii 
e/hiric tamifia. The latte r is a fenestrated 
elastic membrane appearing m trani^'erse 
sectiona as a bright rcfractile lOne which, A, [nEinu. ^ Mfda, c. Mvenuo#* 
because of agonal contraefinn of the mus¬ 
cular media, is thrown into characteriatic wavy folds. A* there is less clastic tissue 
in the media than there is in rhe larger ttcsscU, the internal elastic lamina araods 
out in sharp contrast. 

The limita consists almosr entirely of plain muscle cells* disposed cir¬ 

cularly« separated by a few scatiered elastic nicmbmncs, _ 

’Hie iunka ffdtTwrilio consssK of collagenous md elastic fibres which run pre¬ 
dominantly in a longitudinal direction, ^iTie outer portion is wmewhat loosely 
arranged, merges, imperceptibly into the surrounding areolar tisiue. and so allowa 
considerable mov'cmcni between the artery and the iitjghbouirinB itmctures. 
Immediately adjacent to the plain muscle of the tunica media (he adventitia contains 
ini4ch elastic tissue which here constitutes the rxttrmif e}mik 
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ArttriaUt ,—These vcsncla di^cr from the medium-sized sticHc^ in size and Jn 
the reladvc thickness of the three coats. Tht indnui and media are thin, vihibit the 
adventitia inETreases in relative thickness which almost equals that of the me^o. Aa the 
arterioles mer^ge with the capillaries the internal elastic lamina and the tunica media 
become proi^reasively thinner and hnalJy disappear si together; the adventitia looses 
its elastic tissue end ia tiltimately replaced by perivascul^ reticular connective tissue^ 

Sc^c arteries have extremely thin walls in proportion to ^eir size ; this is 
especially the caw in those situated within the cranium and vertebml canalr where 
the CKtemal and middle C0at$ of the arteries are reduced in thickness. 


Fic. &51.—A cmnsverse seetinn of parts of the walls of sn adjacent artery 
(lower left) and vein (upper righE) of lOEdlum size. 



The artcriesp in their distribution throughout the body, are enclosed in thin fibro- 
areolar sfuaths. An artery is loosely connected vdth its sheath by delicate areolar 
tiiaue V and the sheath usually encloses the accompanying veins, and sometimes 
a nen-e. 

The larger artcncs arc supplied with blo<id-vessels. ITiese nutrient vessels, called 
the voia pajoram, arise from branched of the artery itself, or of a neighbemring vessel 
It some conaidcrable distance from the points at which they ace distributed ; they 
ramify in the loose areolar tiiaue connecting the artery with its shcathp and after 
forming a deosc capillary network in the adventitiap supply the outer part of the 
media. Minute veins retum the blood from these vessels; they empty themselves 
into the vein or veins aecompanyinjf the artery. Lymph vessels ate also present 
in the outer coat. 

Antriri an alaa auppliwi wiih nervea. which fbm intricate pkiuses giwn the 
WTfec« of the latter minks, and nm along the smaller irteriea » single filammte. or 
bundles of filaments. Most of the ncn'e-fibrei are non-incduJIatttl. and are derived 
From the sympathetic s^tem, but ate mcdullated. The non-medullated fibres 
are mostly efferent, and end m pencellylar networla in the middle coat. Some of 
the medullated fibtw are believed to be affcKiit and are distrihoted to the outer 
and inner coats where they terminate in expanded and varicose endings. LameU 
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Fta. 652.—Captlluries fram the 
tncIfienTcry tyf A HUJncA-pi^, 
jiftcr trcatincAt ^ith A sa\u- 
tk»n of Ritrnte of silver* 


Istcd corpuscles (Fadnian corpuscles) are occasianaJJ^ found in tbs outer coat of 
the dorta^ 

Evidence for the exisicncc of vasodilator fibres is steadily accumulating and their 
presence in animala is undoubted. They are cholinergic * in chameter and come from 
three sources^ viz, t (i) The craniosacroJ; |>amsyiiipathctic outflow in inch nerrci m the 
chorda tytnpani and the pelvk splanchnic nerves ; (2) some of the fibres of the sym¬ 
pathetic outflow distributed by the same mutes as the vasoconstrictor fibres: 
collateral branches of scnsor>' newes which ramify on the blood vesaets of the skin 
ami which carry antidromic impulses when the sensory endings are stimulated. Recent 
work indicates that such fibres also exist in man.f 

ITie largest arterial trunks receive bnmehea direct from the sympathetJe j^onglia^ 
hue for the amaller arteries (brachial, femoral, etc,} the supply is carried in the peri¬ 
pheral nerves and comes off m a Series of $mall branches^ splanchnic arteries 

pcrivascubr plexuses extend along the w^hole extent of the vessels. 

The capillaries,—The arterioles (excepting those of the cavernous structure of the 
sexual argons^ of the splenic pujp, and of the placenta), subdivide into minute vessels 
named capdiarks which are interposed between the arterioles and the venules, and 
constitute a nctworkp the branches of which maintain the same diameter throughout. 
The tranaidon from arteriole to capillary is marked by the complete disappearance cl 
the muscular tunica media from tJie vessel w'all. 

The iiimnHm of the capillaries vary in the different tissues of the body, the usual 
size being about 8 ;i when the blood is circulating^ The smaElcst ftre found in the 
1 brain and in the mucous membrane nf the in tescinea ;; the largest in the skin, and in the 
marrow of bone* v.'herc they may have a diameter of zo /i. 

Th^ farm of the capillary network varies in the different tissues, the itiesKes being 
either round or elongated* Round or angular meihcs are most common, and prevail 
where there is a dense netw'ork^ as In die lungs, in 
most glLmds DJid mucous membranes^ and in the 
curium. Elongated mcahes occur in muscle$ and 
nerv'es, the long axis of the mesh ttmning parallel 
with that of the ntuscle or nerve. Sometimes the 
capilkricn have a looped arrangement, bs in the 
papillx of the tongue and akin. 

llie number of the capillaries and the size of the 
mcihes determine the degree of vascularity of a 
part ; the amnllest meshes art found in the lungs 
and in the cborioid coat of the eye. As a general 
rulc+ the more active the function of the organ, the 
closer is its capillary* nee and the laigcr its supply of 
blood. Few blood-vesseEs ate present in tendon?* 
because of the low metabolic rate of the tissue of 
which they are composed. The blood-flow throtigh 
the capillary network is determined and regulated 
by the contraction and relaxation of the correspond' 

Ing arterioles. 

Structure.—The wall of a capillary consists of 
flattened cells joined edge to edge by cement-sub- 
stance, and contiiiuoias w^ith the endothelial oeUs 
ivhich line the arteries and veim. WTien stained with 
nitrate of silver, the material which unites the edgea 
of the epithelial celk is displayed, thus showing the 
Outlines of the cells 652)* These cells are of large 
size and of an irregular polygonal or lanEcokie shape, 
each conttuning an ova! nucleus t they are non- 
phagoc^'c. Ahemtions in the shape of the endathclkl cells is probably responsible 
for variations in the size of the lumen of the capillaries and k is possible to alter the 
permeability of the vessel walls by modificadon of the degree to which the cells adhere 
one to another. 

In developing capJlLarieSt and in the capillaries of the glomcRjIi of the kidneys, the 
intestinal villi and the chorioid coat of the eye, intetcellular cement cannot be demon- 
stratedp and the oeJl$ am believed to form a syntytium. 

In many situations a delicate sheath or en^vlope of branched, nucleated, connective 
tissue cells is found around the simple <^pillaiy tubes, particularly the larger ones; 
and in other places, cspcdaliy in the glands^ the capillaries are invested with redfomi 
conneerive tissue. 



• G. L. Brown, Phytiol. Rm'ms, 17. 

tn, Barcrofc SJld O. G* Edbolm, J. FAynhf, 1945, 104. 

t IL H* Woollnrd and R. PJullipa, J, Ami.^ 6y* 1933-33. 
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Rougert (1873)* described 0. spcdal vancty of cell placed at inlervais ccmin 
tnpinarit;$+ cells are aliuost transparerit and have Long, branching threadlike 

processes which tun mond the circumference of the capillary tube, 'fhcy arc thought 
by ITI05I obsen’cra to be cotmectivr ti^ue cells and the suggestion that contraction of 
then’i alters the iisce of the capillary lumen is probably incorrect. * R^yugei cd/j * 
have lieen described (ft) on some capillaries in certain situatians in amphibia and 
{A) in some cap!Hanes of the mammal, during certain stages of dcvctopmait. Indis¬ 
putable evidence has not been adduced to enable one to accept their presence any- 
vrhcrc on a vessel less than about 10 in diameterp or on fully formed numunslian 

capilLuies.t 

The Einusoids.—-In the bone-majruiVp the heart, the livcTp the suprarenal and 
parathyroid glands, and in the carotid and coccygeal bodies, the smallest blood-vessels 
differ from true tnpillatieg. They arc viiderT with an irregular lumen, and hav'e little, 
if anyp connective tissue co%'cring their endothelial cells, these being in very^ close con¬ 
tact wiih the cells of the organ and irteJuding phagocytic oslls of the macrophage type^ 
Moreo^'er, their walls may be incumpIctCr These vesseb have been called stnuiotiis 
by Minot. They are formed by columns of cells or traliecuJic pushing their way into 3 
large bloDd-veasel or blood-spaee and carrying its endothelium before them ; at the 
same time the wall of the vessel or space grows out between the column^ of cells. 

The veins+—The walls of the vetm^ Like those of the artenes, are composed of 
three coats—'intemah middle^ and e:ttemBl ; and these are, with the necessary 
modiheations, analogous to the coats of the arteries ; the internal being the endothelial 
the middle the moscular, and the eietcrnal the connective tissue or areolar. The main 
difference between the veins and the arteries is in the comparative weakness of the 
□uddtr coat in the former. 

In the smalEest veins the three coats arc difficuit to distinguish. The endo¬ 
thelium is supported on a membrane separable into two laj-er^, the outer of which la 
the thideer^ and consists of a delicate, nucleated membrane (tunica adventitia), while 
the inner is camposed of a network of longitudinal elastic fibres (tunica media). In the 
veins nract above these in gi^c (0-4 mm, in diameter) a layer of white hbres containing 
a few antaoth muscular fibres circularly disposed farms the middle coatj while the 
elastic and connKtive tissue clemenis of the outer coat ate more distinctly perceptible. 
In the middle-ST?:ed veins (fig. 650)1, the endathelium is of the same character as in 
the arteries, but its cells are shorter and broader, it is supported by a conncctiv'e 
tissue layer, consisting of a delicate network of branched whSt and external to this 
there is ft layer of elastic fibres dispos^ in the form of a net^vork in place of the 

dehnite fenestrated membrane seen in arteries. This 
constimtes the umtea I'nOW. The turner mrdia ii 
composed of a thick layer of connective tissue with 
eUsric fibres, intcmiixed, in some vtina, with smooth 
muirculiir fibres arranged circularly. The white 
fibres are in considerable excess, and the elastic 
fibres arc in much smaller proportion in the veins 
than in the arteries. The tunica advi^ntitiir con- 
sisESt a$^ in the arteries, of areolar tissue vvilh 
longitudinal clastic fibres, [n the Largest veins 
it ia Very much thicker than the tunica media, 
and contains many tungimdinal muscular fibres. 
Ill CSC are most distinct in the inferior vcub cava, 
especially at the termifiotion of this vein in the 
heart, in the trunks of the hepatic veins, in all 
the large trunks of the portal vein, and in the 
excemal iliac, renal and a^gos veins. In the in- 
feriar vena cat^fl, rcna[ and portal veins they extend 
through the whole thickness of the outer coat, but 
In the other veins mentioned a layer pf connective 
and elastic tissue is found external to- the muscular 
fibres. The white conncctive-tissiie fibres in the 
tunica adventitia of the inferior vena cava are dis- 
FKtecd in bundles which form a network gf right 
and left hand spirals, and this arrangement, together 
with the clastic fibres, facilitates the lengthcDing 
and shortening of the vessel which occurs with 
ascent and descent of the dTaphra^.J fhe large veins which open into the heart 
ore covered for a short distance with a layer of cardiac muscle contmued on to them 

* .'Ir Pfyiioi. nfinn. tfi paifi. p. 601. 

t Cflojult Tht Anairnty and Ph^ tioic^ of Capifiaria, by August Kregh, 1^14. 

1 Cpniult . f ^ttmfigrapiI on L Vinf. by K. J, Franklin, Baltimore, igjy. 


Flcj. 653,—The upper portions of 
die femoral and long oaphi^noua 
veinf Iflid opm to show ^'slvea. 
About iwo-lliirda of fijitlltal 
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from the heart and in ihe cmc of the coronary niOU* the covering is compktr^ 
Muscular tissue is WMitmg—fi) in the vtSn$ of the maternal part of the pUcerita; 

in the venous sinuses of the dom mater and the veins of the fnia maler; (j) in 
the veins of the retina; (4) iri the veins of the spongy substance of bones; C5) in the 
venous spaces of the corpora cavemosR and coipus spongiosum. I'he veins of the 
above-mentioned parts consist of an entlolhehal lining supported on connective tissue, 
A lost %'eiiis arc provided with tokw which serve to prevent the re flux of the blood 
(fig. 653). Each valve Is formed hy a reduplication of the inner coat, strengthened by 
Connective tissue and elastic fibres, and ia covered on both surfaces by endothelium, 
the arrangement of which differs on the two surfaces. On the surface of the %Tilve nckt 
the wall of the %cin, tile cells are arranged transversely ; while on the other surfacep 
over which the current of blood How's, the cells are sminKcd longitudinally in the 
direction of the current. Most commonly two such valves arc found opposite one 
another^ more cspeciatly in the smaller verns or in the larger trunks at the point where 
they are joined by smaller branches ; occasionally there are three, and sometimes only 
one. The valves are semilunar. They are attached by their convex edges to the wall 
of the vein t the concave margins arc free, directed in the course of the venous current, 
and lie in cIcksc apposition with the wall of the vein long as the current of blood takes 
its natural courae ; if, how'ovcri any regurgitation takes place, the valve* become dis¬ 
tended, their opposed cdge$ are brought into ^contact, and the current Is interrupted. 
The wall of the vein on the cardiac side of the attachment of each valve i$ expanded 
into a pouch or sinusj which givc$ to the vesaeh when injected or distended with blood, 
a knotted appearance. The valves are very^ numerous in the v-eirts of the cKtremideSi 
especially In the veins of ihe lower eKtrcmitics^ these vessels having to conduct the 
blood against the force of gravity bi addition to being subjected to intermittent 
pressure due to muscular eontmedons. They* art absent in the very small vcina, Le. 
those less than 2 mm, in diameter^ sbo in the %'enx hepatic, icnah uterine and 

ovarian veins. The cerebral and spinal veins, the vein* of the spongy' tissue of boncj 
the pulmonarT,' veins, and the umbilical vain and its branches, are also destitute of 
valvea. A few” valves arc found in each testicular vein, and one also at its tcr^nalion. 
A few vbKxs are occasionally found in the azygos and intercostal veins. \ alves arc 
present In the tributaries of the portal vein in the ftttus and for a short time after birth ; 
as a rule they soon atrophy and disappear, but sometinies they peraist in a degenerate 
form. 

7'he return of btood along the veins is under the influence of a number of factors : 
the BRialler veins are filled by the blood overflowing into them from the capillary bed. 
‘^Thc deep veins of die limb* are subjected to pressure due to iMntractiona of the 
surruimding muscles and the ven^ comitantea arc affected in a similar w^ay by arterial 
pulsations^ squeezing of the veins would tend to drive the bloc^ in both 

directions along the vea^U but the valve* prevent flow towards the periphery 
so the blood must flow toward* the heart so long as the ^.Tilves are compctcnL Tne 
force of gravity in the I'cins of the head and neck and suetian due to negative 
intrathoractc pressuie jn the veins near the heart are also important factor^ m venous 
return. 

The rate of flow' of the blood in veins being slow'er than in the arteries, 

InrgcT and more numerous than the corresponding arteries so that the blood dehvered 
to the tissues can be adequately returned to the heart, 

H’hc larger veins, like the arteries, are supplied with niitrient ves^ls, terincd tmo 
MtDrtfw. Unlike those in the artcriv* these vcosela may penctmte a* for os the in tuna- 
Nerve* also arc distributed to the veins in the same manner as to the arfcncs, but m 

much fewer number^. , - t ^ j 

Arrmo-v^nous Atiasimmset *—In m number of Situations m the btHiy direct can- 
nexions exist between the smaller arteries and the cofresponding veins. 1 he courie¬ 
ring vessel may be straight or coiled and in the latter c^e it alw-aya possesses a tbiek 
muscular coat of peculiar structure and A Tclativcly tine luTnen+ mcasunng 10^-30 ^ 
on the average. Under the influence of tlie sympathcric nervous sy'stem, which pves 
a very rich supply of unmyelinated fibres to the wall of the vessel, it is capaJhle 01 
complete closure and in that event the drculotion passes through the capillary bed m 
fbe ordinary way. When patent, the ^'esscl carries blood dlmtly from the artery to 
the %”ein and so partintly or compieteiy excludes the capillary bed from the circulation 
for the time being. , . , „ . _ + , 

Arterio-venous anaatomoses have been demonatrated in the skui of the paimar 
surfaces of the digits^ the nail-beds, the thenar and hjiMthcnar ^mern^ and in 
similar situation* In the foot. They'” have also been described in the akini of the ear and 
the nose, in the mucou* membrane of the nose t And the alimentary' canal and in the 

• Fora review of the present posaxion of our knowlcd^ oix this aubjcct ^d for references 
to the literature, consult a paper by Elioi Ckrli, Pk^^sioJogUm ffciiffcr, to, 193S. 

t Harper and Bayd+ fVotf. .'Jnut. Sor+t - 4 irijr,. Si> 1947 ^ 
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ctK:c>'g^] body (p. 1534) os wcSI ns in the ereqtile liwue of the stxual organs (p_ 1503). 
it \a pnibable that they necur in other aituationsi in the body. 

TTie dJgitRj anaBtomoses c-jchibit 0 apecfni a 4 Tangeinent and form a large Jiiireber of 
small units which have been termed * glomera They are situated in the deeper layer 
of the conttm and each * glomua * ha* one or more afferent ortcrioi. 'I’hwe v^kIs 
arise from hranchca of the cutnneoLu arteries which nin towards the akin surface 
(fiff; ^54)' 'I'hc afferent artcrias come off at right angln fmm their parent vessels, 
which thereafter are continued into the papillary layer of the oDtium, where they cod 
in a capillary' plexus, A abort distance fmm its origin the afferent artery of a glomus 
gives off a nMntbcr of fine " per^lomcrn! ^ branches and at onw becomes couaiderably 
enlarged. It makes an S-shnped curve and then narrow's down to become continuous 
with a short furuicl-shaped vein which opena, at right angles^ inlo a collecting v'etn. 
This Vein commences on the deep aspect of the glomus, and cuircs round ita outer 
surface. Having gained the superhcial aspect of the glomus the collecting vein 
retraces its coarse, receiving venuics from the papillary kyer of the akin as it does ao. 
Finally it jotna one of the deeper cutaneous veins. 


Fic. fi54.—Scheme of two euioneous Hrtrrio-venous anastomoses. 
<Madi 5 H] from Popoff.*) 



tjf (\i Wurt 


Bfftntnl Win /iw 
Pirigliunmi 

Pttigiinfvmi Bniitm 

CiliWKMM nrflTI 


On Oh kli hilf of tbm AtfiiW hwic af iht vciKb tiwc Ima te ili^ the rflluJvt 

QrUi«£r wiUk 


Stiuctumlly the vessels immediately concerned in the digital artciio-venous ana- 
stomoaea arc unusual. At the point where it enlarges into die connecting vessel the 
tfferent ottery presents a number of small endpihelio-muaciilar elevations which 
project into its lumen, hut proximal to this point its slnidtire is normaL The connec¬ 
ting %-esscl has a lining of cndotheLhim, supported by some htiei coU^noi^ Hbres, hut 
U devnid of an iutctnal ela$iie kmins. An inner longitudinal and an outer dreukr 
muBcle cost are not sharply differentiated frum one another. The muscular waU i» 
thick and on section the musch fibres appear pak and swollenp with centrally situated 
nuclei, so that they have been d^ctibed as ' epithdioid Tlic emerging vein has a 
thin wall, the muscular coat facing entirely aw'snting. Numerous clastic fibrils are 
present and are continued inlo the tunioa adventitia of the collecting vein.* 

lixpcrimentnl evidence t lias confirmed the view ihiit the glnmera play an impor- 
lant part in regulatinB body temperature both generally and locaUy. men the local 
Temperatun; of the rabbit's ear is raised above 40* C, the oaonecting vessel rcisxeg and 
an incM^ flow^ of blood at body temperature results, with a ecmsequcnt cooling 
effect. Whvn the local temperature it lowered below tS^'C. the connecting vessel 
again rebecs. In thii cose the inereaaed fiim of blood at body temperature will help 
to raise the l™l temperature unless the procew of artificial cooling is intensified. 
Again, when the body temperature of a rabbit Is raised artifiecHily there is a general 
opening up of all the subeulancmis arterio-venous onaatomoses. a considerable increase 
ui heat radianon and a consequent drt>p in the body temperature. 

• W, Popoff, /frcA. /"afA., ig, 1034 - 
f R* T_ Crann liwfr rSp 1930 . 
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It is to bcr noted thnt these arterio-vennus pnastomoSes are not fully developed in 
nuiTkber or io smii;iujT: in die child ax birth, althouith they develop rapidly in the early 
montlrs of Ufe. Their paudty and their undev'eloped chniucter render the lempcrature- 
rej^ulatin^ mechanism imperfect in the nciv-bom^ and this k one of the serious dis¬ 
advantages under whiLb the irhild labours in the first few w'ecka of life. In old age the 
flubcut^ncoiis orterlcKvenaua anastcunoftes ahow a marked reduction in number, and 
the frequency with which old people suffer from coldness of the hands and feci may be 
associatc<l with their disappearance. 

'Hie arterin-veEiuas anastomoseft present in the mucous membrane of the alimen¬ 
tary canal * fulfil a very different funetion. in man the arteriole to a villus has a 
direct eonnexion w^ith its corresponding venule and, durini^ periods when absorption 
is not occurring, the contlexion becomes patent and serves to raise the pressure in the 
portaL Vein- On the other hand^ during aeiive absorption the connexion is closed and 
the circulation passes through the capillaty' plexus at the nptK of the viUus. Arterio¬ 
venous coTTTmunicctions have been described qLbo in the atoemich.t 


The Thoracic Cavitv 

The shape and the skeletal w'alla of the thoracic cavity arc described on pp, 

154. Its chief contents are the heart and the two lungs. 

The mfet of the thorax {figs. 685* 70 j* 702).—(The Ixuiy i>oundarics of the 
inlet ore described on p. 255)- "Hie Btructurcs which pas« througli the upper 
opening of the thorax fall naturally into two groups^ viS!,; those in or near the 
median plane and iho&e placed more bteraUy on each side in close relationship 
with the cen'icaL parts of the plcunc and lunger 

In or near the median plane.—Just behind the manubrium, the lowest parts 
of the Stemnhyotd muscles just enter the thorax* Immediately behind this arc the 
Sternothyroid mnsclesi the remains of t he thymus and the inferior thy mid vcinfr on 
their way to their tenninatioit in the hrachi-ucephajlic (innominate} vein. In the 
child, in particular, the leli bmehiocephalic vein itself may be so highly placed as to 
cross over to the right side actually in the thoracic inlet. More posteriorly, the 
trachea and the ccsophaguB, togcthcT with the Tecnmcnt lanngeal nerves, occupy 
I he median region and, behind the left maipn of the (rsophagu^v, ihe thoracic duct 
enters the neck. Jusl in front of the vertebral culunm lire the I.ongus colli 
(ccn'icis) muscled and the anterior h>ngitudiiuil lip^mcni. 

On each «tde the upper part of the pleura und the apex of the lung occupy the 
thoracic inkt. Rctween the pleura and the ncek of the first rih from the mcdijtl to 
the bu-ral side lie the sympathetic trunk, the supmor intercostal artery and tire 
ventral ramus of the first thoracic ncA*e passing obliquely up wank and laterally to 
join the lower trunk of the brachial plexus. AnteriorlVi between the pleura and the 
first costal cartilage the internal thoracic (mammary) artery^ enters tht tlvomx. 

On the right side (fig. 70 J )* the brachiocephalic artery leaves the chest between 
the trachea anil the pleura. The vagus urri'e, having passed at a higher level between 
the subclavian aricrx' and vein^ lies at the thoracic inlet between the pleura and ihc 
brachiocephalic artery. The right brachiocephalic vein enters the thorax antcrti- 
laterul to the bradiiocephalic artery and the right phrenic nerve crosses the intcmul 
thoracic arten^ and comes to lie lateral to the hradiiocephalic vein as these vessels 
pass Ix'hind the first coBtal cartilage. 

On the left side (fig, 70a), the left common carotid and subclavian arteries leave 
the thorax hertvccti the pleura laterally and the trachea medially ; the left vagus 
ntrt'c is running downwxrds lateral to the uiicrval between the two vessels . Antero¬ 
lateral to tliis is the left hracbioccpbalic vein. The left phmnic nen^e crosses the 
internal thoracic artery at a higher level than it does on the right side so that, at the 
thoracic inlet it is running in the ijilerval between the left brachiocephalti: vein 
anterokturailv and the subclavian and carotid vessels posterDmedially. 

The outlet of ihe thorax k wider transversely than from before backwards. 
It slopes obliquely downwards and bsdkiivards, so that the thoracic cavity is tnuch 
longer behind than in front. The Diaphragm (p. 585) doses the opening and forms 
a con vac floor for the thorax. The floor is flatter at the centre than at the penplicry, 
and higher an the right side than on the kft 1 in ihe dead body the right side of the 

• R. ^pfloncr. .-iHflf. 7*1 

t T. E. Biirlow, J. .rniiJ.. 85* 1^51. 
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floor rmches the level of the upper border of the fifth co&tal cartilage, i;vhtlc the left 
e^rtenda ooly to the corresponding part of the sixth costal cartilage* From the highest 
point an each side the floor slopes suddenly downwards to the costal and vertebraJ 
attachments of ike Diaphragm : this slope is more marked and longer behind than 
in fronts so that only a narrow space is left between the Diaphragm and the posterior 
wail of the thorax. 

The thoracic cavity*—^Tbe capacity of the thoracic cavity docs not correapond 
with the bony thorax, because the lower part of the space enclosed by the riba is 
occupied by some of the abdominal viscera. On the other hand, the thoracic cavity 
extends for a short distance into the neck above the anterior parts of the first ribs. 
During life the size of the thoracic cavity is constantly varying with the movements 
of the ribs and Diaphragrrii 

The thontcic cavity is divided into right and left parts fay a septum^ termed the 
mfdiasftnismf which stretches from the back of the sternum to the vertebral colimin* 
and extends from the thoracic inlet above to the Diaphragm bebw. 'The heart lies 
in the mediasdnuniT enclosed within a fibroscroiis sac* termed the pericardium ; 
the lungs occupy the right and left parts of the thoracic cavity. Each long is 
covered with a serous membrane^ called the p/euro* w^hich also lines the wall of the 
corresponding half of the chest, and forms the lateral boundary of die mediastinum 
(fig. 664). 

For purposes of description the mediastinnm is divided into a superior and an 
inferior part* The rupenbr part extends downwards from the thoracic inlet as far 
as an oblique plane passing through the lower edge of the manubrium stemi m 
front and the lower border of the fourth thoracic vertebra behind. The rii/erforpar/j 
below this plane, Is subdivided into three portions, \iz. an antmar in front of the 
pericardium, a porttriof behind the pericardium and Diaphragm, and a middit, 
which contains the pcricaidium, the heart and the large vessels entering or leaving 
the latter (fig. 664). Details of the contents of the different parts of the mediastinum 
are given with the description of the respiratory organs^ 

TtiE PKRICAHDitJM 

The pericardium (figs. 655 and 664) is a conical, fihroscrous sac, which con¬ 
tains the heart and the roots of the great vesseb. It is placed in the mediastinum 
behind the body of the sternum and the cartilages of the ribs from the second to the 
sixth inclusive, and in front of the thoracic vertebra, from the fifth to the eighth 
inclusive. 

The pericardium comprises two sacs intimately connected with one another^ but 
different in structure. The outer sac* known as the fibrous peri^rardium, consists of 
fibmua tissue. Tlie inner saci or reroiu pericardium^ is a delicate membrane which 
lines the fibrous sac and covers the heart. The heart mv^ghiatcs the wall of the 
serous sac from above sjid behind, and practically oblilcraies its cavity, the space 
being a potential one. 

The fibrous pericardium is a cone-shaped bag, the apex of which is truncated and 
continuous with the external coats of the great vessels, w'hile its base is attached to 
the central tendon and to a small part of the muscular gubetance of the left half of the 
Diaphragm. In some of the lower mammals the base is either completely separated 
from the Diapbingm or joined to it by some loose fibrous tissue v in man much of 
its diaphragmatic attachment consists of loose fibro-areolar tissue which can bere^ily 
broken down, but over a small area the central tendon of the Diaphragm and the 
pericardium arc fused. Above, the fibrous pericardium not only blends with the 
external coats of the great vessels, but is continuous with the pretradiea! fascii 
(p, 566). The fibrous pericardium is also attached to the posterior surface of the 
sternum by a superior and an inf^'or itemopmcurdial ligamenty the superior passing 
to the upper end of the body, and the inferior to the lower end. By means of all 
these connexions li la securely anchored within the thoracic cavity and therefore 
maintains the heart in position w^ithin the chest. It also prevents "qvcr-dislenstoo 
of the heart* 

Anterior ty^ the fibrous pericardium la separated from the from wall of the thoreix, 
in the greater part of its extent, by the Jungs and pleura;; but a small area^ usually 
corresponding with the left half of the lower part of the body of the sternum and the 
sternal ends of the canilagcs of the fourth and fifth ribs of the left side, is in direct 
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relationship with the chest-wall. Until puberty or adolfsccnce the Inwer end of the 
thymus is in contact with the front of ihe upper of the pericardium. Pasterioriy^ 

the fibrous pericardium rests upon the bronchi^ the osophagus^ the oisophageaJ 
plexus of ncn eSp the descending thoracic aorta and the pcistcrior part of the media¬ 
stinal surface of each lung, it is covered by the plcurs^p and ts in relation 

with the mediastinal surfaces of the lungs ; the phrenic nerve p with its accompanying 
vessels^ descends between the pericardium and the medtastinal pleum on each side. 
Infmorfy^ it is separated from the liver and the fundus of the stomach by the 
Diaphragm. 

The vessels receiving prolongations fmm the fibrous pericardium are: the 
aortap the superior vena cava, the right and left pulmonary arteri(s^ and the four 


FjC. —The inTcheror the pericurdium, vieuTd frflin in fmut. 
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pulmonary veins. The inferior vena cava, which enters the pericardium through 
the central tendon of the Diaphragm^ receives no covering from the fibrous layer. 
The seroui peTicordinffi isn as already atated, a closed sac which lines the fibrous 
pericardium and is invaginated by the heart; it therefore consists of a msc^tal and 
a portion and allows ftee movement of the heart within the fibrous peri¬ 

cardium, The visceral portion, or^k^rdiuttij covers the heart and the great vessels, 
and from the latter it is reflected to form the panetal layer, which lin@ the fibrous 
pericardium. The portion which covers the vessels is arranged in the form of two 
tubea. The aorta and pulmoiuiry trunh are enclosed in one tube \ the superior and 
inferior vense cavae and the four pulmonary veins are enclosed in a second tube, the 
attachment of which to the parietal layer is P-shaped {fig, 655). The cul-de-sac 
between the limbs of the P lies behind the left atrium and k kno^ as the Mique 
stntis^ while the passage between the aorta and pulmonary trunk, in front, and the 
atria, behind, is named the trmsvefs^ sinm (figs, m2 and 677). The upper boundary 
of the tnmaverse sinus is shown in fig, 655. 
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pulmonary arctry HJid subjacent pulmonary vtin i$ a triangular 
fold of ihi- perirardiuttlK knowTfi a$ the Hgam^it 0/ th^ vtna (ora. It ia 

fumed by the folding of the serous layer over the remnant of the left duct of Cuvier 
(left superior vena cava) fp, 175). The fold often forrn$ the anterior ^vaJ] of a amalh 
blind recess, the mouth of which is directed to the left. The lumen of the left duct of 
Cuvier IS oblileriited duniig foetal life, but Its wall per^sts as a fibrous band siretching 
iroin the upper part of die left superior intcrccNStaJ vein to ihe batrk of the left atrium 
Where It is continuoua with a sm^ll vein, termed the ciAiquc f^fin 0/ tfytf U/l atnutn\ 
which opens inn> the coronary sinua (lig, 658}. 

f €sseis and n^irvts. The of the pericardJuin are derived from the 

internal ilinnicic arteries their miiBcalaphrenEc hranchea, and front the 
descending thoracic aorta ; its tttrv^f 4re derived from the \'agus 3 nd phrenic nerves^ 
tfid the sympathetic tninJuf^ 

Structure.—As stated above, the hbmua pcticarUium consists of a dense feltwork 
of fibrous t issue. The serous pericardium consists nf a single layer of tlattcncd cells 
rrsring on a layer of subserous jtre&lar tissue whkh, In the case of the parietal layer, 
blen^ with the fibrous pericardiutn. The areolar tissue under the viseenil layer [L 
continuous with the interstiihal tissue of tJie myooirdium and contains fat which is 
^eatc^t in amount aJoug ihe ventricular border of the coronary $ulcus^ along the 
inferior border of the bean and In the iniervcrttricular grooves. The tniiin trunks of the 
coronary' vesaela and their larger branches are embedded in this fat, the amount of which 
IS relate to that of the general body fat and gradually increases an age advances. 

Applied Anatomy.— VAinceaxi^i^ of the pericardium may be performed in the fifth 
or aiKth left inteTcottsI apBce near tile sternum, with care to avoid wounding the internal 
thoracic anciy; Altemarively the exploring needle rosy be entered at the left cofitp- 
Xiphoid angle, jiml passed upwards and backward* into the pericardial iac, or lateral to 
the left niamniary line in the Rfth or sixth left interspace. 

It ;:ihou|d he remembered ihat the serous pericardiiint, vvhich clothes the pub 
mtjnary trtink on the wull of ihr itnmvene sinus, extendjt ns far as the ligainenilum 
a^nosum i p. 7ifi). When the ductus arteriosus peraises as a patent eunnexinn with 
the ftuitic arch, the eondinon may call for sunrical itireneniion, when it is dhided 
the serous peri^rdium [s involved, and must either be receded hack on to the 
pulmofury ^nk or the pericardium must be opened. In uneomplicAtcd cases 
ligature or division uf u patent duciu* usually cures the enndition. OccaricmalEv 
hdwever, patency of the duelus may be associated with other congenitiil cardiac 
BJiomiihcs. c.g. pulmonary stenDfii& or coaretaiion of the aortn fp. 794), 


m 


Tjie Heart 

The hc^rt is a hollow^ ttioscular organ of a somewhat conical form ■ it lies 
betwetn the lun^ m ihc middle mediajtiniim {fig. 6 j 6 ), and is enclosed izi the 
pericardium. It is placed obliquely in the ehtst behind the body of the stcftium and 
adjdininB parts of the nb canila^ one-third of it on the right of the median plane 
and two-Unrda on thi? left (PI. XIX}. ^ 

Siie.—Tile heart of the adult measurca about la cm. front base to ape*. 8 to o 
cm. tranavctsely at the broadest part, and “6 cm, antcropocstcriorlv- It& weight ir 
the mile, varitt fmrn affo to 340 grainines ; in the female, from zw to aSo era^mes 
Jt continues to merci^ m weight and aiae up to an advanced period of ItfcT and this 
Increase is more marked m men than in women. 

Eternal feature*,-;^ already stated (p. %) ihe heurt is divided into four 
chambera, viz. nght and left atria, and right and left ventricles t the division is 
mdicated on the surf^ nf the Iteart by grooves or sulci. The atria arc separated 
from the ventricles by the inUut; this groove contains the tnnilts of 

the wronary ves«Ia of the heart, and is deficient in front, tvhere it is crossed 
by the root of the pulmonary trtirk. 7 ’f,e i„i„a/nal growe, separatinB the 
t^o atria, is scarcely marked on the posterior surface, while antcriorlv it is 
hidden by the pulmonary trunk and aorta. 'I'he ventricles are separated bv two 
grooves, termed the anter^r and ptulfrmr inlmfntrieular grootM ; the fo^T^le^ is 
situated on the sternocostal surface of the heart, near its left margin, the latter on the 
diaphmgniauc surface near the nglii margin ; these grooves extend from the luw 
of he ™tnculsr portion to a notch, termed the t>picis cordis, situated a little 

to the nght of the apex of the heart. 

I.. ^ wnt^hat quidriJateral in form ; It /sees backwards and 

to the fight, and is separated from die thoracic vxrtcbne (fifth to eighth in the 


PLATE XIX 



lUdiogrqah of ch«tp jmlcrCHportertor ™w. Adult fcmiik, Xote tbc diHc[«ocr in the 
Iml of the Tight Jtnd kfi halvrt of the diftjihnvgm. 

1. Aortio * kfuickk/ a- PUlinaiaiTv veswk ol ri^t title- 3. Edsc of ih^dow 
OBUs^ bpy breuL 4. TnchciL 







PLATE XX 








THE HE,^RT 


705 

recumbent, sixth to ninth in the erect pcisturc) hy the pcricardiuin^ right pulmonaiy 
vcins^ oesophagus and porta. It is formed mainly by the left atriujii, and, to a smaJj 
extent, by ihe posterior part of the right atrium. Abo^xr, it extends as high as the 
bifurcation of the pulmonary trunk; below it is bounded by the posterior part 
of the coronary' sulcus, containing the coronary sinus. On the right it is 
Limited by the rounded riglit border of the right atihimp and on the left by tfte 
rounded left border of the left atrium. The four pulmonary veinsp two on each 
aide, open into the left atrium, whilst the superior vena cava opens into the upper 
part, and the inferior vena cava into die lower part, of the right atrium. The 
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portion of the left atrium between the openings of the right and left pulmonary 
veins consdtutefl the anterior wall of the oblique sinus of the pericardium (p.7o3)\ 

The a/WJTp formed by the left ventriclcp is directed downwards, forwards and to 
the left, and is overlapped by the left lung and pleura. 

The tlrmocosfai surface {fig, 659) ia directed forw'arda, upw^ards and to the left. 
It consists of an atrial and a ventricular portion, the former being above and to the 
right, the latter below and to the left, of the anterior part of the coronary 
sulcus. The atrial portion is almost entirely formed by the right atrium; the 
greater part of the left atrium is hidden by the ascending aorta and pulmonary tAjnk 
(fig, 659)1 and only a small part of its auricle projects forwards on the left side of the 
pulmonary trunlt. Of the ventricular portion about onc-third is fonned by the left, 
and two'ihirds by the right ventricle, the line of separation between the ventricles 
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being marked by the anterior interventricular groove^ The surface is 

separated by the pcrricardium from the body of the sternum, the Stcrnocostalis 
muscles and the cartilages of the thirds fourth, fifth and sixth ribs ; owing to the 
bulging of the heart tow'Btds the left side, the part of the surface which lies behind 
the left rib-cartilages is much larger than the part which lies behind the right The 
sternocostal surface is also coverSl by the pleura and the thin, anterior pang of the 
lungs, with the exception of a small, iriangular area corresponding w’ith the cardiac 
notch in the left lung. 

The dmphragmatiz surf act (fig. 65S), diftctcd dowTiwards and slightly backwards, 
is formed by the ventricles (chiefly by the left ventricle)* and rests upon the centnd 
tendon and a small part of the left muscular portion of the Diaphragm, It is 
separated from the base by the p^^terior part of the coronar)- sulcus, and is 
traversed obHqudy by the posterior interventricular groove. 
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The tefi wr/oee a directed upwards, bacfcw'flrds and to the left. It Is foiroed 
almoai entirdj- by the left ventricle, hut a smali part of the left atrium and its left 
aimde contnbutc to jts formation superiorly. Convci from before backw-ards and 
from abort downwards, it is tvidcst above, where it is crossed by tlie emonarv 
sulcus, and nairowrait at the apcjs. It is separated by the pericardium from the left 
phrenic nerec and its awompanjing vessels, and by the left pleura from the deep 
hollow on tbc left lujig, below and in front of ihc hiltis. 

The Fight tnorgiti, formed by the right S-ttium, is roiindi^d and almost vertical. 

The inftrior tiiargiit, formed almost emirely bv the right ventricle, is nearlv 
hnriiionial, and extend* from the lower limit of the’right border to the apex. 
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The kft margin is rounded, and is formed mainly by the left v^triclcp but to a 
slight extent, above, by the left auricle, Tt extends from the left auricle, obliquely 
downwards, with a corivicxity to the kft, to the apex of the bearti and ieparates 
the fitemocoBtal from the left surface. 

The interatrial septum.—partition, named the interatria! sfpttim (figs/66o» 
6O4. 676), inten'enes between the right and left atria, and is placed 30 obliquely that 
the right atriurn lies in front and to ihc right of the left atrium. 

The right atrium (figa. 659, 660) is a somewhat quadrangulaT chamber which 
forms the right surface of the heart. Tlie suj^rior vena cava opens into ita upper 
and posterior part and the inferior vena cava into ita low^er and posterior part. A 
small, conical, muscular pouch, icrmcd the miw/e. projects towards the left from its 
upper and anterior part and overlaps the right side of the root of the aorta. The 
margins of the auricle are notched, and its interior is encroached on by an irregular, 
muscular reticulum^ 


Fro- 65S.—ITic ba« Bhd the disphraRioatic JiurfaCe el ihr heart. 
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.V*ir.“Tl]# «« pr ih# tff^ pcricuTikHii PM tl^ly thuwu. 

In well fixed hearts the outer surface of the lateral wall of the atrium Is marked 
by a shallow groove, termed the micus iermin^tih^ which extends between the right 
sides of the orifices of the superior and inferior venie ca™. 

Ani^riy, the right suium is related to the anterior part of the medias^aj 
Burftee of the right lung and is separated from it by the picuru and die pericardium- 
tAitrralfy^ it b related to the mcdiostJnii] surface of the right lung in front of the 
hilus but is separated from it by the pleura, the right phrenic oen'c and pcricardiaccK 
phrenic vcsscb and ilic pcricaHium. Poiimorty and to the kft (fig. 664), the right 
atrium is related to tlie left atrium and is seprated from ii by the inierutrial septum j 
posteriorly and la the right, it is related to the right pulmonary veins. Mrdmlly\ 
it is related in the cofTiinenccmcnt of the ascending 30m and, la a less extent, to the 
root of the pulmonary trunk. 

'l"he ialenor €f the Hglit (fig. 660) presents two main parts for examination : 

The posterior portion, into which open the great veins, is derived embryo* 





7oS 


AXGIOLOGY 


bgically from the abAorbed right horn of the sinus venosus ; it has smoath walls 
and is tentted the sinus venarum. H\ntcrior to this is 3 pottioD with ridged walls 
derived embryoLogically from the atrium proper and which is In continuity anteriorly 
with the ouriclr. The atrinm communicates with the right venlriGle through the 
atrto%'cntncular opening. 

The sinus Vinarum. This portion includes the posterior portion and the latcml 
wall of the cavity as far forwards as the crista termtnalis {p. 709), Opening Lot* it 
are the following vessels: 

The superior t?ena cava (figs. 659, 660) returns the blood from the upper half of 
the body> and opens into the upper and posterior part of the atrium. Its orifiec is 
directed downwards and forw'ards, and has no valve. 

The infmor vma awa (lig. 660), larger than the superior, returne the blood from 
the lower half of the body* and opens into the lowest part of the atrium near the 
interatrial septum. The orifice is guarded anteriorly by a njdinicntarv valve, termed 
the vakre of /Ac iaffrior vena cava. The val vc is semilunar m form, its con vex margin 


Tie. ^59*—The ^tcmecoflitl siirfBcr of the hsart. 



Inferior ivue miu ^ 

being attached to the anterior margin of the orifice ; ita concave margin, which is 
free, ends in t^vo cornua* of which the left is conlmuous with the anterior edge of 
the annulus ovalis, while the right is lost on the wall of the atrium. The valve 
is fornwd by a duplication of the lining membrane of the atrium enclosing a few' 
muscular fibres. During intrauterine life this valve Is of large size, and serves 
to direct the flow from the iitfjmor vena rata into the irft through an 

opening, named the foramen ovale, in the interatrial septum. It s^cs considerably 
in size and it soinctbiies picsenia a crihriffimi or filamentous appearance ; occa'- 
sionally it Is absent. 

The corBfiary siaia (fig. fijli) returns the greater part of the blood from the 
Bubatance of the heart. Ets opeulng ia placed between the orifice of the inferior vena 
s^va and the atrioventricular opening, and is protected by a thin, aemi-circular valvtv 
termed the vahr of the coronary sinus {lig. 660), a aemictrcular fold of the lining 
membrane of the atrium, which covers the lower part of the orifice. It prevents the 
r^rgitatioii of blood into the sintia during the coniTaction of the amnm. This 
valve may be double or it may be cribriform. 

The foramina venarum mimm^rarn arc the orifices of minute veins (vernc cordis 
ijTwriff^r), which return a small quantity of blood directly from the snbaiance of the 
heart. Tliey are more numerous on the septal wall than cbcwlR^rE. Other smaller 
orifices opening into the atrium are those of the anterior cardiac veins and sometimeft 
of the right marginal vein (p* 837)* 

The mtervrnim tabefeie 1$ a siw^ll projection cm the posterior wall of the atrium, 
just below the orifice of the superior vena cmvn. It » difitinct in the hearts of quadm- 
peds, but in mp is srarcety visible* During intrauterine life it may direct the blood 
from the superior vena eava towards the right atrioventricular i>pening. 



THE HEART 

The atrium proper and flu auricle. — This portion h separated from die sinus 
vonmiin by the tfirta terminalis, a stnoolh, tnuscular ridgCi which is placed mainly 
on the Lateml wall of the right atrium, li be^s on the upper part of the septum 
andp after parsing anterior to the orifice of the superior vena cava^ skirts the right 
margin of that orifice and then extends to the right side of the orifice of the inferior 
vena cava, where it ia connected to the right end of the valve of the kitcr vesseL It 
occupies the site of the right venous valve of the embryo (p. 15S} and corresponda 
in position with the sukus tertninalis (p. 707) on the outside of the heart. It 
indJcatcs the junction between the part of the heart derived from absorption 
of the right horn of the sinus venosua and the part derived from the original 
atrium. 


Eic. G&o.—-The intcrioT of the right atiiiim. 
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The mutcufi peefinati are nearly parallel muscular ridges which run forwards 
from the crista terminalia across ihc lateral and anterior \valls of the right atriumt 
inclining towards the atriovcntricrular orifice. In the auricle they are ocmnected to 
one another so as to form a muscular network, 

ITe septal wall presents the folloxving features; 

I'hc fossa ovatii ffig. 660} is an oval depression on the lower part of the iJeptal wall 
of the atrium^ above and to the left of the orifice of the ififcrior vena cava. Its fioor 
is formed originally by the septum priinum of the ftetal heart (p. i6o). 

The (imbut fossa ovalh (fig. 661) Is the prominent margin of the fossa oyaliB and 
represents the free edge of the septum secundum (p. t6i) of the embryonic heart, 
tt ia most distinct above and at the sidea of tlic fossae below, it is di^dent. 
Its anterior edge is continuous with the kft horn of the valve of the Inferior 
vena cava, A smalfi slit-Like, ^^Ivubr opening is occasionally founds at the upper 
margin of the fossa, leading upwards, beneath the limbus^ into the left atrium ; it ts 
the remains of the fornincn avdic between the two atria. 

ITe right ventricle (figs. 659, 6bJ. 663} extends from the right atrium nearly 
to the apex of the heart- Its antrrosnperior surface is convex, and forms a brge part 
of the Sternocostal surface of the heart. In the greater part of its extent it ia separ¬ 
ated from the chest wall only by the pericardium, but the left pleura and, to a lesser 
extent, the anterior margin of the left lung are interposed both above and to the left 
side (fi g. 667). 1 ts iVjfrrjOf surface is flattened a nd ia related to the central tendon and 
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ihc adjoiTiiiig part fif the Diaphragm^ bui is separated from it by the pcdcardium. Its 
irft^ or /to5/CTi'or, wall i& formtKl by the vcDtricular septum, uhidi bulges into the 
right ventHdet so that a transverst section of the cavity presents a crescentic outline 
(fig. 661). Its upper left angle forms a conical poudij usually termed the infimdi- 
from which the puJrTM>n 3 ry trunk atiaes. A tendinous band (fig, 665), which 
ift named the tcndmi 0/ the mfmidihtdam^ connects the posterior surface of the Ln- 
fundibuluni to the aorta ; this tendon is amiinuous with the membranous part of 
the ventricular septum (p, 715), *rhc wall of the right ventricle is thinner than that 
of the left, the proportion between them being aa i to 3 ; it is thickest at the base 
and gradually becomes thinner towards the apex of die venrriele, 

Flo. crmeiftvense uetien thraui^h the ^^nUidta 

af the htftrL 



jlln#nrliir I«j4iyni 




twifrieif (fijj. 663) is separated into two parts, inflovi-ing 
and outflowing,^ by a muscular ridge, termed the siipra-vtittriiiulaT trttt. situated 
between the atrioventricular atid pulmonary oriflees. 

The inflowHng part has rough walls due to the presence of trabecula carfita 
It rcttivcs the blood from the right atrium thraugh the right n/rifftfTjrrifuAir 
triatspid ortj^r. 

The outflowing part, or rn/uifdiitf/jfjn, has smooth walls and leads upwards to the 
pu/moiw#7 orifict, [n the cadaver it is impossible to recognise the lower limit of the 
inrundibulum on the surface of the heart but its lower and posterior limit is formed 
by the fixe rounded border of the suprsvcntricuiar crest (fig. 664>, The infundi¬ 
bulum represents a persistent part of the hulbus cordis which has been tneorponited 
in the right vcnmcle, and its pcmaience to the outflow channel of this ventricle is 
attnbutabic to the support it provides for the pulmonary valve during ventricular 
diastole. It has been shown experimentally in do^ that, when subjected 
to increased backward pressure, the pulmonary valve gives wav much more readily 
than the aortic valve and it has been inferred that, in life, the muscular w alk of the 
infundihulum retain their normal tonus throughout ventricular diastole* and so 
provide tlw necessary support for the 


1 he nght atTUA^entneuiar or mats^d mfict is the large, oval aperture between 
the right atnum and the right ventricle. Situated at the base oF the ventricle it is 
encircled by a fibrous nng. covered with tlie lining membrane of the heart ■' it k 
tonsidcrably larger tl^ the left atrioventricular orifice, being sufficient to adi^it the 
ups of three or four fingers. It ts guarded by the right atrioventricular valve 
nie 9 fi^e 6 j tht pulm&tfiTy trunk is situated at the summit of the infundihulum 
dose to the ventricular septum ; it is circular in form, and has a diameter of about 
3 cm. It IS placed abow and to the left of the atrioventricular openine and is 
giinrJcd hy the valve of rhe pultnonan* trunk. 

‘Y\it right atriwentricular {tricurpid) rafoe (figs. 657,663} guards the right atrio- 
• Hit KuHvil Hasp. krp.. 104. 1955, 
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ventricular orifice^ and of three somewhat triangular ctupSp named* 

dorsal and teptal {mlfriar^ inf trior and mediai) \ in the angles betM'i^en the 
cusps small inicrmcdiatc segments are aoinctimes seen. The ventrai cviap* wisich is 
the largest, is interposed between the atrioventricular oriliet; and the in fundi buluin, 
while the septal cusp b in relation with the ventricular septum. Each cusp is 
foniied by a duplicaiure of the lining membrane of the heart* strengthened by inter¬ 
vening layers of fibrous tls^ue^ Ihc cenEial parts al the cuspiji are comparativciv 
thick and strong, while their marginal portions are thin Lind trarislucent. 'Hseir 
base& are attached to the fibrous ring sumninding the atriovctilricular oriBce and arc 
ulstj joined to each other so as to form a eontinuoua annular niembranc, while their 
apices project into the ventrictiiar cavity, 'Ebcir atrial surfaces, directed towards 
I he hlood^zuiTcm from the atrium* are smooth \ their ventricular surlaccs* dirceted 
tovsards the wall of the ventricle, arc rough and irregular^ and together wlih the 
apices and margins of the cusps, give attachment to a number of delicate, tendinous 
cords, which are termed the thordrt ttrrdin^. Blood-vessels and fibres derived from 
the musculature of the atrium are present in the basal third of each cusp. 

Fic. 661.—The hrari, viewed tram ibove. 
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The rriibtxula enruetr an: round or imegukr muacular ralumns which project 
from the whole of tlic inner surface of the ventricle, with ihe exception of the 
infundibulum, the wall of which is smooth. They arc of three kinds: some are 
mere ridges, others arc fixed at their ends but fr« Ln the middle, while a third stX 
tmmeufi papitlart$y are continuous by their bases with the wall of the ventricle, while 
their spices project into the cavity’, and give origin to the chordae tendiner, which 
pass to be attached to the seginentB of the tricuspid valve. There are two papihaiy 
ventral and dorsal; the vcninil is the larger, and its chordw tendine® 
are connected with the ventral and dorsal cusps of the valve; the dorsal 
pspillar)' muscle sometimes consists of two or three parts, and its chord* tendinc* 
arc connected with the dorsal and scptul cusps. Some chords tendine* also spring 
directlv from the ventricular septum, or from small septal papillary muscles, and 
pass to the vent ral and septal cusps. As a result of the inetiusility in siae of the cusps, 
a eonsidcrahte degree nf overlapping occurs when the valve is held in tl« closed 
position by the contraction of the papillary muscles. A muscular band, well-marked 
tn sheep and some: other animals, frequently estends from the ventricular septum 
to the base of the ventral papillary muscle and serves to convey the right fasciculus of 
thc Birioveniricular bundle (p. yzo). It may assist in preventing over-distension of the 
ventricle, and liaslvccn named iht $tpU>mttrgiti(ii trabecuht {moderatnThmd) (fig. (>63). 

The pH/j«o«arv vah’t (figs. 6&a. bhj) consists of three semilunar segments or 
fd/cif/rt, which art attached, by their conv<» maipns, to the wall of the pulmonaiy 
trunk at its junction wiili the ventricle, their free borders being directed upward* 
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into the lumen of the vessel. Two of the cusps are situated anteriorly (right and 
left) and the third is posterior. Each consists of a duplication, of the endocardia 
um, with a iittle fihmus tissue interposed between die two endothehal layers. 
The free and attached nurgina are strengthened by tendinous fibres, and at the 
middle of the free margin there is a thickened nodule. From this nodule tendinous 
fibres radiate through the cusp to its attached margin, but are absent from two 
imrrow crescentic portions, which are termed the lunuice. These are placed one on 

FiO- 66j,^A diiw^tian of th* vtntricles^ viewed trcui] in fronl. (A. K. MiuiwelLj 
From Qiuin's iilemftiU of Anatomy^ nth edition, vol, ivp purr iii. Th- Hoori, 
by Professor 'I’honaa* Walmsjcy, 1919, 
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each aide of the nodule, and immediately adjoining the f«e mafguj. Opposite » 
the semilunar cusps the pultnonaiy tnmk presents three slight dila^^pm gr 
sinuses. 

The IcA atrium a ratiwf smaller than the right, but its wails are thicker 
measuring about 3 mm. A small aomewhat ctmica] pouch, termed the auricle nml 
jecta forw^ards from its upper left isjmcr. ' ^ 

ITtc cavity of the left atrium is formed to a kige estent by the proximal pans of 
Use pulmonary' wins, which are tneorporated during its development {p 161 1 It is 
cuboidal in form, and extends to the right beliind the right atrium, from which it is 
separated by the interatrial septum. Anteriorly, and to the left, it is concealed by 
the rtioia of the pulmonary trunk and aorta. Its posterior aspect forms most of the 




THE HEAitT 


71 J 

base of the heart (p. 704) and lies in anlerior wall of the oblique sinus of the 
pericardium. 'Fivo puLmunary veins open into tt on each side^ 

The Gurkif is somewhat consciietcd at its junction with the principal caviiy ; it 
is longCfT narrower and more curl ed than ihat of the right atrium* and its margins 
are more deeply indented, h is directed fonvarda on the left aide of the pulmonary 
trunk, and overlaps the root of this vtsseL 

^rhe mt^ior oj the left (fig. 666) ptesenis several features for examination : 

The pulmonary x^ni^ four in number, open Into tJie upper part of the posterior 
surface of the left atrium—rw'o on each side of its middle line ■ thek orifices are not 
provided with vaJvs. The two left veins frequently end by a cominon opening- 
The fe/jf atritrcfnirkular orifict is the aperture between the left atrium and ven¬ 
tricle ; it is described below. 

The foritmma v^n^rum mmimarurn are the orifices of minute veins (ven:JP cordis 
minimsEj which return blood from the muscular substance of the heart. 

The musaiti pectmats, fewer and sntoller than those in the right atrium, are 
confined to the inner aurfaccr of the auricle^ 

Fm. 664.— A »cciioii ihmii^h the rnedwtumni at the level of the body 

of the seventh fhoraclc Vertebra. 
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On the atrial septum a lunate 'unprtssion may be seen, bounded below by a 
crescentic ridge, the concavity of which is directed upw^ards. I'h.c depression 
coincides with the fossa ovalis of the right atrium. 

The left ventricle is longer and more conical in ahapo than the right, and forma 
the apex of the heart. On transverse section its cavity presents an oval or nearly 
circular outline with about three times as thick aa those of the right ventricle 
(fig. 661). It takes part in the formation of die sternocostal and kft surfaces of the 
heart and is separated from the fnediastinal surface of the left lung by the peri¬ 
cardium, the left phrenic nerve and pcricardiacoptircnk vessels* and the left pleura. 
Infcriorly, it forms a large part of the diaphruginatic surface of the heart, and, 
anteriorly and To the left, it is separated from the right ventricle by the ventrieuLir 
septum. 

The itiifrhr 0/ ihr left ventrkU (figs* 657. 663) prcEcnts several important features 
for eKaminatiou : 

TTie left atriovenfiicular or mitral orjjffce is placed bebw and to the left of ihc 
aortic orifice. It b amallcr than the right atrioventricular nriiicc, admitting the tips 
of two or three fingem. It is surrounded by a dense, fibrous ring and is guarded 
by the left atrioventricular or miiral valve. 
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T^c oniji^e b a drciiLar aperture in from and to the risht nf the Jcfl stria- 
ventricular orifice* from which it is separated by the anterior cusp of the mitral 
valve> Its orifice has a diamccer of a little over 1-5 cm., and is guarded hy the aortic 
valve. The portion of the ventricle immediately heiovf the aortic orifice b termed 
the vestibul^^ and pos$es$es fibrous iustcad of rnuscular walls. 

The left afrioventriaitar or vaive (figs- 657^ 665) is attached to the fibrous 
ring which endrclea the left scrioventneukr orifice. It consists of two triangular 
cusps, fcrmcd by duplications of the cndtscardiuiri* strengthened by fibrous 
tiBsue fliid contauiuig a few muscular fibres. The cusps are of unequal aiEc, and 
are la^er, thicker and stronger than those of the tricuspid valve. The larger 
cusp is placed in front and to the right betw'cen the atrioventricular and aortic 
orifices, and is known as the antmor cusp. Neatly alt the chord* tendinefc which 
reach it are attached near the margin of this cusp which is^ therefore, smooth on 
both its surfaces. The smaller orparfem?r cusp is placed behind and to the left of 
ihe opening. Two small cusps arc usually found in the angles between the latgdr 
cusps. The cusps of the mitral vaJve are furnished with chord* tendinne, which 
are attached in a manner stnular to those on the right side of the hean \ they are* 
hnw'cver* thicker* stronger ami less numerous. 

As the blood flows from the atrium to the ventricle the cusps of tlie airiovcntri- 
cular valve float upwiirds towards the orifice and* as the ventricukr muscle conimcts 



FiO. ■£* 5 ,—lint biiB of the 'ventjicim, after rcAioval of the atria and ihc 
Fram Quain's Eiemenu a/ vo3. iv, part iii. TAr idevin, 

*ni*mai WBlmalcy, 193:9, 
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they arc prevetittd from passln); into the ntrium by ifift pull nf the paoillao' muscles 
which enables them to resist the force exenod by the outfluwing aucam. 'Explora¬ 
tion of the interior of the left atrium at operations has shown that the Jarger anterior 
cusp billows up so as to present a conves sur&ee iq the cxamininR finiier durini: 
ventricukr systole.* The anterior cusp measures 15-jS run. in length ^vhilc the 
posterior cusp has an average length of 10-12 mm, so that when the v^lve is closed 
there must be an appreciable (Icgrec of overlappirg. This helps to ensure its com¬ 
petence as it covers the points where the tension is believed 10 be greatest 

The tiorfie valve (figs. 662,669) consists of throe semilunar segments or valvules 
which surround the orifice of the aorta; uvo arc posterior (right and left} and one 
anterior. 'I'hcy are limtliu- in structure, and in their mode of attachmeitt to the 
vsivutcsof the pulmoimry valve, but arc larger, thicker and stronger; the lunulae arc 
aum distinct, and the nodules thicker and more prominent (fie. 660). Opposite 
the voivulcs the tiorta presents three slight dilatations, termed the dor/jcrijrwrer' which 
are birgcr Lhan thoftc sit the origin of ihc pulinunary trunk. 

The /rairfMjl<e carnear arc of three kinds, like those in the right ventricle but 
they arc more numerous, and present s dense iDierlaccmcnt, especially at ihe apcx 
and upon ihc posterior wall of the ventricle. The papillary muidet are two in 
•Sir Kusifll BfwJf, Guy*t 104* ress- 
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numb^fp one (amerior) springing from the stcmocostaJp the other (posterior) from 
the diaphragmatic wall; they are of Uige abo, and end in rounded extremitiesp 
from which the chordae cendinea: arbe. Chorda: tcndineie from e^ch papillary 
tnu&cle are artached lo both cusps of the mitral valve. 

The ventricular Mptum.—Tlie right ventricle i& separated from the left fay 
the ^cTttrkufar septum 657, 6^), which slopes obliquely from Iwfore back¬ 
wards and low'arda the right, and is curved with the conv^ty towards the right 
ventricle (fig* 661) i its margins correspond with the anterior and posterior inter- 
%'cntriciilar grooves on the surface of the heart. The greater portion of the septum 
is thick and muscular; in its upper partp just below the junction of the anterior and 
right cusps of the aortic valve, there is a thiOp Rbrous area, which is termed the 
moTtbrunoiif part 0/ thr t'erttrictJdr stptam {€g. 657)* I'his part of the septum is 
small in extent and oval in outline* On its right side it b crossed near its centre by 
the upper part of the attached border of the medial cusp of the tricuspid valve, which 
divides it into anterior and posterior portionSr The anierior part separates the 
two ventricles from each other and may occasionally be congenitally defective 
(p. 166) p the posterior part intervenes between the aortic vestibule of the left 

Fte. 666 .—A diitiectiui to atow the Lnienor of the left iidc of Oie h™rt. 
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ventricle and the right atrium near the anterior hom of ilic limbus ax^tlis 

(p, 165), Superiorly, the memhrannus part of the vciilricular septum can i>e traced 
into the trigotium hbrosum ilextrum. 

Surface marking of the b<»rL-The apex of ihu heart corresponib m position 
to the ap£x beat, which can usually be seen and tsn always be felt a little below and 
medial to the left nipple. As a rate it will be found in the fifth intercostal space, 

9 cms. from the ntedion plane. , 

I’hc sternocostal surface of the heart can be projected on to the aotenor chest- 
w^al! and forms an irregukr^ quadrangular area. The right harder (fig. 667) corre* 
sponds to a tine drawn from the upper border of the right third costal carttlAge, 
1-2 cm* from the margin of the sternum, do^Miwards to the sixth costal cartilage. 
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This line is gently convex to the right and is al it^ maximum distance from the 
median plane—37 cm*—in the fourth mterco&tal apace. It represents the lateral 
aspect of the right atrium. 'Fhe condnuation of this line in an upv^'aid direction 
marks the lateral border of the superior vena cava and, in a downward dircctiont 
the lateral border of the inferior vena cava. 


Fio. ^67.^Tlie iroiit of die diotiu^ sbowing rhe kuiIbCf rEliitinna af the bocies^ 
liing¥ (nurplc)^ plcunc (blue), nnd heaxt (red Qullinc). 



A- —Chrilkt of BVfImi P. &F ^almDD^ tnank. 

B, -bcfl MtickwuittlnjLEir (nlinJ} erififit T. —nigtw (iTktttjiiid i i^rirlw. 


The lotcrr Imnier of the heart can be represented by a line joinuij^ the lower end 
of the right border to t|« apex-beat; it passes through the xiphisternal joint, 
and corresponds for the most part lo the lower margin of the right ventricle! 
The left torder of the heart is represented by s line drawn from the apex- 
beat upwards and medially to a point on the Inwcr border of the left second costal 
cartilage, fa cm. from the sternal margii]. This line ts convex upwards and to the 
left i with the exception of its upper part, which demarcates the left auricle, it 
earresponds to the left ventricle. 

It is customary to complete the quadrangular area by a line which joins the 
upper ends of the right and left borders, and correaponds roughly to the upper 
limits of the atria. 'Fhc left and right borders can also be mapped nsut bv heavy 
percussion. ' ' 

The paAnoeaij mjiee (fig. 667) lies partly behind the upper border of the left 
third costal cartilage and partly behind the sternum. It can be represented hy a 
horiionial hnc, 2-5 cm. long. Two parallel lines, drawn from the estremiiieg of this 
line upwards and slightly to the left to reach the second costal cartilage, map out the 
pulmonary trunk. 

The aortic orifice (fig. 667) litss belmv and a little to the right of the pulmonary 
orifice. It cornsponds to a hue, 2-5 on. long, drawn from the medial end of tlic left 
third mtencostal space downwards and to the right. Two parallel lines, drawn from 
the cxtimnities of this line upwards and to the right as far M the rieht half of 
sternal an^le, outline the oicending aorta. 

The right o/rropewmni/oi', or t^riiw^rV, w-i^tce (%, 667) can be represented bv 
a line, + cm. long, commencing io the median plane opposite The fourth costal 
cartilage, and passing downwards and slightly to the right. The centre of this line 
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B-hoiUd be opposite the middle of the fourth bncmwial ^pace. The iejt alrh- 
tVAfriVw/ziTt mitrali. lies behind the left half of the sternum opposite the 

fourth coital cartilage and can be represented by a line, 3 cm. long, passing down¬ 
wards and to the right. 

The area 0/ supeffieuit eardiar Jufntss is a roughly triangular area* which can be 
mapped out by light percussion, and corresponds to the portion of the heart which 
is not covered with lung, 

Radiologicii] appearance of (he heart (Pi. XIX).—The heart, being full of 
bloody casts a shadow, occupying the lower pan of ihc mediastinum, which Is in 
sharp cantntst with the dearer areas occiipicd by the air-filled lungs. The expansile 
moven^ents of this shadow are evident on screening. In full inspinitiun the shadow 
of the apex is clear of the dkphragm, and presents, in radiographs, a mthcr blurred 
outline due to its movement The shadow of the convex right bonier of the heart is 
continuous above with that of the superior vena cava and below with that of the 
inferior vena cava, Tn lateral radiogniphs the reirocardiae s^pate may be recog¬ 
nised as a translucent arts betw’etin the heart and Ihc vertebral columni This 
space is occupied by the descending aorta and the ixsophagus (PL XX), For 
a detailed study of the cavities of the heart and the large bloodvessels the 
method of angiocardiography * ran be used. \ suitable contrast medium miacihle 

Fjg. 66^.—A dugfam fhoninn thf reUtioni of the opened hmrt ro the Trant of 

the choridc wall. 



AnKrter of tncwipldTjUiiiu AQ- Anttm, A-P* Atneriw rijpiiFjr>- ntyiele. To. Breehj^ 

n-|ihilic tlnfwn^iuic) uuo - L.C.C.L«fi CMninm etroud irteiy. L,S. lutxiathHi ■rterr, Uy* 

LjSt VBfitricl*. P.T. PolnwfHifT trupW. ItA, Hieht ptriimv IL\% Ritflii vmirkku V.SL Vvmrkukr 
tcfHum. 

With the blood is injected intravenously and tlie course of the intravascular injection 
11 foliow'cd in serial X-ray exposures in anteroposterior or oblique view's (Ph 
A). 

Structuri:.—The heart consiata of muscular Rbres {mywatdmm) and of fibrous 
rings which serve partly for their attachment. Li is covered with the visceral layer 
of the serous pericardium (epfmrdriimjt and lined with the etuiocftrdium. 

■ Hobb ind Steinberg . 4 «Sfr* J* Ro€nt., 51^ 3J and Caldorr, hMtfgradtiatf Mtd. 

J,, as, 1049 - 
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The endocardium is a tkin, smoothp glistening membrane: wVuch lines the chambers 
of the heart, and U contmiious mih the lining rnembranc of the large blood-vessels * 
by its reduplications it assiats in forming the valves. It consists of a layer of endo- 
tl^liaJ csclls placed on a stratum of connective tlfisuc and elastic fibrm 


FjCfc 669.^—TJic aortic orifice bid open to ihow the sortie valve. 
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The fibrous nr^s surround the atrioventricular and arterial orificeSp and arc 
stranger on the left thuin on the right ride of the heart. The atriovcntrtcular rings 
sen'e for the attachment of the muscular fibres of the atria and ventricles, and fot 
the attachment of the atrioiiientricular valves. The intcn^al between the aortic 
arterial ring» in front, and the atrioventricular rings, behind {hg* 665)p is occupied 



FiO, trjo. —iTif! iwo vecncct ai ihe Mpex of the hcKn. (iVlalL) 
P'irfiaalawvfitti 

iniJmw\SnFuI^r 
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by a tough mass of fibrous tissucp which represents the os cordis of some of the larger 
mammals and ts termed the trigonumfibroium dextrum. A similar^ but smaller, mass 
of fibrous tissue, termed the irigonum fibrosum sijiistmm. Lies between the left side of 
the aortic arterial ring and the front of the left atrioventricular ring- The tendon of 
the infundibulum has already been mentioned (p. 7to)- 

The fibrous rings surrounding the arterial orifices scr^-c for die attachment of 
the great vessels and thetr valves. Each ring receives, bv its ventricular maigin, the 
attachment of some of the muscular fibres of the t'enuicles ; its opposite margin 
presents three decp» semicircular notches* Xo which the middle aiat of the artery is 
firmly fbetd. The atmehrnem of an artery to its fibrous ring is Btrengthencd by the 
atcmol coat of the artery and the cpieardlum externally, and by the endocardium 
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internally. From the of the semicircular notches the fibroufi structure of 

the ring i& continued Lnio the semiJonai- valviiles. The middicr coal of the artery 
in Uiia situation ts thin, and the vessel is dilated 10 form the sinuses of the aorta and 








pulmonary trunk. 

The mmcutiir itrutture of the heart can$i3ts of fibres which are tnmsvcrscly and 
longitudirLiiJly slriatciJ {p. 36), and present an ex:eeedingly intricate intcrlncernent. 
1*liey comprise (d> the fibres of the atrisp the fibre* of ihe vcmnclts ana {Cj the 

amo\'cntricLibr bundle. x- - i 1. 

The f^res of the stria arc ;irranfied in two Layns—a superlieial, eommon tn both 
atria p and a deep, proper w each. The jupcrfititil fihm are most distinct on the front 
of the atria+ across the bases of 

Fig. dia«i^Tn of the tiupeifidal muACuiar 

ftbrti of the ^xnuiclcs of the heart onfftnflUns 
in the tendon of the itifundlbulom. (Alter 
MacCollum.) 


P^plUarjf mUjdet 
^ATpUim 


which they run in a transvefse 
direction, forming a thin and in- 
compieto Layer; some of them paa? 
into the inicratml septum, llie 
deep fibres consist of looped nnd 
annular fibres. 'Fhe /oo^Nvi 
pass upwards over each atrium^ 
and art attached by their p- 
treniitie-s to the corresponding 
atriovcnlricular rinK. iu front and 
behind ■ the ffwnidar fibreir sur¬ 
round the auricles, imd form 
annular bunds around tlie tefmina- 
licma of the veins and an>«nd the 
fossa ovulis. 

The fibres 0/ ihe ventriefes am 
arranged in acompleit manner, and 
various arcoimts luivc been given of 
their course and connestons : the 
foU owning descripTioti is based on 
that gi%^cn by MacCallum.* They 
con!iist of superficial and deep 
Uyers, all of wych. widi the 
ccplfan of two, are inserted into 
the papillary" muMle* of the ven¬ 
tricles. It is important to remem¬ 
ber that in the infundihiiluJTi the . , * , 

superficial fibres run transversely to its lung axis, but the deep libtes are almost ver¬ 
tical in ihtir dtmetion. On this account when the inftindibulum is opened ui operation, 
a veitiad incision (hmild aUvays be employed. The superfidsl hyeri comprise the 
following : {a) Fibres whkh spring fnwn the tendon nf the infundibulum (p. 740} and 
pass Qcrws the diaphragmatie surface ; ttiey curve round the lower border of the 

* nnjl l« tlv- Inft... 


Fm. G 71 .—A dia^rem of the nrrerigitfnarLi of the 
deep layers of tliE tnuscular fibres of the venln- 
elcs. asscen in ■ crms-Mctian of the xxntriclM. 
(Bawd on MHcCoIlamV descripuaii.^ 


heart and sweep towards the left acraaa 
the anterior inten^enlriculHr ip-oove and 
amund the apex of the heart, where dacy 
form a vorteac (fig. 670) and pa^ up¬ 
wards and inv\~ards to terminate in the 
papillary muiclea of the left ventridc ; 
thnsc arising from the upper (anterior) 
half of the tendon of the infundibulum 
pass to the posterior and sq^toJ papillary 
muscles^ those from the lower (posterior) 
half to ibc anterior piipitiary muscle; 
(6) Fibres w'hich Briic from the right 
atrioventricular ring and run dia|?anally 
across the diaphragmatic surface of the 
right ventricle suid round its lovvcr bor¬ 
der on to its sternocostal ^rfacc. ^Fhcrc 
they dip beneath the fibres just de- 
scribtxl, and, crossing the anterior inter¬ 
ventricular itnu^vc^ wind around the apex of the heart and end in the poaierior papillary 
mu^iclc of the left ventricle, (r) F ibrei which spring fmm the left atrioventricular rmg, 
and, crossing the posterior intctvcntricylar gronvct pass successi%Tly mm the right 
ventricle ond etid in its papiilory muscles. deep (aym ary three in ntimber : they 

arise in the papillary muaclcs of one ventricle and, curwfing in an S-shaped manner, 
mm in at the intervemriculftr groove and end in the papillary muscles of the other 


• John Bnire MocCalluin, yohns Hupkiiu Hvtp. BidL. i8q7 . 
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vcfitTicIc (fig, 67^). 'ITne ky'cr which iii mDSt itupi-rfEEiiai in il^c WihKht veniricle Jits* 
fiuxt the luniE^n of ihe Icfl, and vice vvrsm. IIiom of the Hrst Iciycr ondrcic the 

nght vtrntricic itnd, croasinj; in the: upturn 10 the left vcrnricle, ufiftp with ihc aitpcr- 
ficinL fihrei fram ihi; ritjht arritjv^m inViilar ririj? to form the pfisterior papilluiy mkiaclc. 
Those of the second Eayer have a rKten-iiivc eCHirsc in the wall of the right ventricle 
and a camapondiniily greater cntinte in the lefi^ whett they join with the ^iUpeificbJ 
:6breft from the uppet half of the tendon of the infondibnlum to form the papilLary 
touwltfi of the septum. 'ITiose of the third layer pits* uimi>st entirety n>und the left 
Ventricle and unite with the supetfiLiad fibre* from the lower hatf of the tendon of die 
infundibulum to foim the anterior papillary muBcle. The anraugcmeril of these three 
layers cnaureA the synchmnisatiort nF ventricular s^-^tob and the cl&sure of the atrJo- 
ventricular valves, fk^ides the layer? jiLst described there are mo bands which do 
not end in papillary inuydes. One spnn|,^ from the right atriovetifticulai- ring^ crosses 
in the atrinvcntriculBrscptuTtir entriTclcs lKc deep layers of the left venlrick and ends 
in the kft alrioventncijiar ring. The second band ia apparently efsrtBned to the left 
ventricle ; it isotxached to the left a trio vent ricukr ring and encircles the portion of die 
ventricle ardjaccjll to the Hortic orifice.* 

A. Bkckhah-Morison f draw's attention 10 the existence of a set of fibres bchmipng 
to the left vefitrieular inu.^ciihlturc and to the lower segmnent of the left atriuni, and 
which have a triple inaertion into the base of the dose tfs die vtil vulei!^ of the aortic 
valve, 'the effecr of the contniction of these fibres ** h to rotate the base of the aorta 
in the directtcin of the tfettemi ventricular mist in systok 

Conducting Sj'stem of the Heart,;!:—The conducting system of the heart con- 
fkts of spcdidly differentiated ctirdiac muscle. It comprises the sinu-atrlaJ nodCp 
the atrioventricular node, the atrioventricular bundle and its two fasciculi together 
with the subendocardial plexuses of PurkJnjc fibres in ivhich they tcrminttlt- It is 
responsible for maintaining the normal eardlae rhythm and ensures the proper co* 
orditiufitin of the otriaJ anti ventricular cntitmiCtiDns. The wtu-alrfal ¥iod^, which h 
often called the ' pacemaker* of the hciirt, k situated on the right border of the 
opening of the superior vena cava in the upper part of the sulcus terminaJis and 
extemb medially in front of the opening. It is covered only with the epienrdium 
and a liiilc fai, and in seciioiia made at right angles lo the sulcus termlnalb ii is 
wedge-shaped, the base of ihc wedge being directed in the endocarditim. 'Jlic main 
bulk of the nmle lies on the sinus %'cnoaus side of the crista term-inalis. The 
TiJifricvlaT Wr lies a^vc the orifioc of the coronary sinus in the annular and septal 
fibres of the right atriuniK B^itli nodes are similar in general plan and consist of a 
mesbwork cf specialiaed cardiac tnuseJe fibres which are narrower and finer than 
any other fibres in the hcart^wmJI. They arc completely cross-striated and fre¬ 
quently hraneb. l*ht fibres of the sinu-atrial node arc slightly narrower but are 
longer than the fibres of the atriuvcntriciiiar node. They art more loosely arranged 
and ajc ftiiifonii in shape, whereas the fibres of the atriDventriculor node arc 
cylindiica] and the mesh work which they form is more compact No direct con¬ 
nexion between the two nodes has been demonstrated, but the branching fibres of 
both art directly continuous with the fibres of the right atrium and it is generally 
believed that the impulse, which originates at the sinu-atrial nodcp travels by this 
pathway to reach the striovcnmailELr node. Very few, if anv, Purkinje fibres are 
present in the wall of the right atrium but where they do occur they are continuous 
on the one hand with nodal fibres and on the other with atrial fibres. From the 
atrioventricular node tise bundfc passes upwards in the uigonunt 

fibrosum dextrum untU it reaches the posterior margin of the mcoibrunoua part of 
the ventricular septum, and then turns forwarda below' it In this situatinn it 
dtvad^^ into right and left foEdculi whkh straddle the muscubr septum. These 
run down in the right and left ventricles, one on each side of the ventricular septum. 
The right fasciculus, after passing towards the apeic embedded In the musde of the 
right surface of the ventricular septum, enters the scptorruirginal trabecula (modera¬ 
tor band) and reaches the base of the anterior papillary muscle. In this situation 
it forms a subendocardial plexus of Purkinje fibres which are distributed to the 
papilUn' muscles and wolfs of the right ventricle. The left fasciculus consists of 
tw o main sttaiulo, an anterior and a pa^tcrior, which pass towards the apex immtdi- 
aicly beneath ihe endocardium covering the left surface of the ventricular septum. 

* Fmokliu P- MalE, On the NWiiLtr Arehitrcture of thi: Vcnl rides of the Human 
J'erjTTirj/iTot*. II and 13, 

t JovFTudt New Scrica, voL IM, No, September 1913, 

I D.M. Bltir and F. Davjrt^J. Aaai.^ 6qv 1935. 
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Having traversed the trabeciil:^ carntit they mch the papillary mu»:lis and ter¬ 
minate in the same maimer as the right fasdcitins. The filircs of the bundle and the 
fascicuJi are slightly thicker (9 /i) than the fibres of the atrioventricular node (7 
and exhibit transvcrec stiiations thtroughout tJveir whole thicknesa except for a small 
clear perinuclear area. In the human heart, they arc almost indisiinguishabLc from 
the ordinarv ventricular muscle fihreSr In the ox the atrioventricular bundle and Its 
divisions are enveloped in a sheath of connccrive iissue ; bv injecting this sheath 
H’ith Indian ink the ramiiications of the bundle can be Jemonstrated. In the 
human heart the sheath is not wcU developed ; it suirounds the buntllc hiii not the 
fasciculi, 

673Khettutic reprcfcntatiae the Atfto’^ntriculsr bundle. It» Hi^ht liinb 
md the Purkinje plcsua. 
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The hearts of cold-blooded vertebrates beat more slowly Ui proportion to their 
size than do the hearts of birds and mammals, and it is to be noted that they do not 
possess a special conducting system.* The rate of conduction in normal heart 
muscle is too slaw to meet the needs of warm-blooded vertebrates and the cooductifig 
system may be regarded as s proviBion to meet the demands made by their higher 
metabolic rates, for the conductivity' of the fibres of the atrioventricular bundle is 
much higher than that of ordinary cardiac muscle. It is essential, however, tlial the 
impulse should not travel too rapidiv from the sinu-atrial node to the ventricular 
muscle, as siiffident time must be allowed to enable the atria to fill the ventricles. 
The necessary delay li imposed tin the impulse by its passage through the atrio* 
ventricular node. 

It has long been known that, when perfused with a solution containing oertatn 
inorganic salts in proper proportions, the heart of cither a cold- or a warm-blooded 
animal will continue to beat rhythmically for d long time after its nervous and 

* " 'Jlie Conducting System qf ihc V^crtebrsle F+ Davies and E. Et. T. Fmnets, 

iSiW, fin?., ai, 1946. 
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v'^sciilar cDnncxions have been severed completely. Many expUnations havt been 
suggested to account foJr this inhcreni rhyihmidty btit none can be regarded as 
completely satisfactdiy. 

At the sarnc time it should be noted that each chamber of the heart has its own 
intrinsic rhythmic rate. In the salamander/ for example^ the sinus venosus rate is 
50, the atrial rate is 14, and the ventrioilar rate is 7 per minute* Nodd tissue has a 
higher rhythmidty than ordinar>' heart muscle and determines the rate of the heart 
in birds and mammals* Wlien the atriovcntiiculiLr bundle k interrupted completely 
(the condition known as " total hearr^block * in miin)^ the ventriclea tahe on their 
own intdnsic rhythmic rate and beat much more slowly than the atria, w^hich rcmBin 
under tlie influence of the amu-atrml node. 

In the human heart fsmupa of cells are situated in the immediate neighbour-^ 
hood of the sinu-atriai n<Klc, especially c»n the cpin^ardial side, and numcroua 
unjnydinatect ne rve-bbies are diatrihuted throughout its aubscanoe. Groups of ncr^'e- 
cells are present in the interatnal »ptum in dose proKlmity to the atflo-venmcular 
node bu* rdntiv'ely few nerye-fibres can be idi:nu6ed in the riidc itself. In contrast to 

Fig. 674.—LonifitoJirul section of ilie Icfi fasciculus of the ntnovcntrieular bundle 
titan the heart of a ooW. * a6o. Note the incxiinptetc itnaliaa of die edit of 
*he fa^detihifl: (right porikin nf figure). Dr^nn from a Fnicro-photoetaph 
kindly lent by Profeasors D. Blair and Frands Uav'iw, 



the condition in many mammals 674) no ncntnidk arc found in the amo- 
ventricultir hundlc or its fasdculi in the human heart, but nerve-fibres arc present 
Tunning in very small pamlkl bundles or &omctimif* even as individual fibres. 

A. Blackhall-Momon t has shown that in ihe sheep and pig the atiioventrieular 
bundle " is a great avenue for the trunsmisaion of nerves from the auricular to the 
venirieular heaiTt^* s large and numerous nervc-tninka enter the hundlc and course 
with it. Branchea tuiae from these nervc-lrunhs and form plexuses around gmups of 
Purkinje cells, nhd from these plexuses fine hhrihi go to innerratc Endividual cello. 

Thc aimi-atrial and atriovcnwicul 11 modes, die atriovenlriculor biuidlo and its right 
fasciculus, are supplied by the right coronary artery ; the kfr fasciculus of the bvmdk 
ia supplied by both corotiary^ arteries. The artery to the sinu-atrial node ascends in the 
eulcUfl teraiuialis and, within the node itself, it is endrded by nodal fibres. There is 
no eornespofiding nodal vein. 

Vessels and Nerves*—The artmrs supplying the heart are the right and left 
coronary branches of the aorta fp. 730) ^ the majority of the arc drained by the 
coronary sinua into the right atrium. 

'I'hc lymph are described on p. 911. 

The nerves arc derived from the cardiac plexus [p. T2J4)* vi^hieh is formed by 
branches from the vagi and sympathetic, 1 hey ore ftedy distributed both on the 

* Ekmi-its, F., ind French^ E. T. Phii. Tranj, Sut., B. No. S7S, 231, 99, 1941* 

1 y, Amai. and Phyi., 4 *. 
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surface and in the substance of the heart, the separate ner%-e-6Lmcnis being fur- 
tiiahcti with amalJ g^nglin.^ The airtovcfitriculat bundle rtxcivcs pen'c-fibres 
g^gliii in the interatrial septum. Other ganglia are found in rcliition with the sinu¬ 
atrial nodt, and supply it ivith nerve-filaments. 

H. H. Wooilirrd (J. . 4 nai., 1926) has biveatigated, by the methylMc-bl^ 

method, the di4tributif>n iff the cardiac nerves in the dofi. eflt^ rabbit aiid guim^-pi^ 
Hw chief conclusions are : i. In the intnrardiac ganglia the types of ^■nuBh 
varying in the disposidon of the dendrites and in the mode of the ending of the pte- 
ganglionic fibresp all belong to the paraspipathelic (fig, 675). 2 Th^Tt some 

evidence to show that the at™ and the Atrioventricular bundle are supplied by 
sympathetic and sympathetit fibres, while the ventricular muscle ih supphed y 

Fio. 67 5 h_S^erVtti md from the poiierivr surface of th? left otriuiu of a dog. 

>lethylene blue prepsrmtion. K55r H-Ih Woolbid, 
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sympathetic fibr« oniy. 3- 'Hw fibres spin a plcit^ about the inuMb*«ll. wd 
ultitnutirly enter the protoplasm of the miiscle and mn m tbe ptotoplasioic eonnesiims 
of the muscle } amall widinga, often perinucteat in pwiuon, ate Riven off itiaide 
inuscle-cell. 4. The valves, the subeodDcardial witl the subeptcard^l uesuw art 
innervated by □ very fine pleitus of nerves vrhich, for the most part, belongs to ™ 
sympathedc system. 5. The brHtr branches of the eoionaty arteries arc pnstlwnm- 
anilv innervated by sympothetie, the fiaer branches by parasympathetic, noics. 


The Fcetal Circuiation (fig. 676) 

The ftctal blood is carried to the placenta by the umbilici arteries, returned 
from the placenta to the fetus by two veins which unite in the umbilical mrd to 
form a single vein (vena ambiliculis impar)* The umbilical vein enters the abdomen 
at the umbilicus, and its persistetil left branch (its right branch having aiinpniea/ 
passes in the free natgin of the falciform ligament to the visceral surface of ^e liyer, 
where it gives off two or three branches to the left lobe, and others to the lobua 
q uadratus. At the porta hepatis i t joi ns the left branch of the portal veui, from which, 
opposite this point, a large vessel arises and ascends on the posterior aspect of me 
liver to join the left hepatic vein immediately before that vessel owns into the infenor 
vena cava. This vessel is termed the dtictm tettonu. During freial life the portal 
vein IS small compared with the umbilitsil vein, and the p^ of its left branch 
proximal and distal to wliere the umbilical vein joins it function as branchw of the 
latter vessel catTving oxygenated blood to the right and left parts respectively of the 
liver (fig. 676). It will be seen therefore that the blood conveyed by the left umbilical 
v«n passes to the inferior vena cava in three different waw. Some enters the hvet 
directly and is carried to the inferior vena cava by the hepatic veins; a considerable 
quauiitv circulates through the liver with the portal venous blood, before ent^ng 
the inferior vena cavn by the hepatic veins; the remainder passes into the mfenor 

vena cava through the ductus venosus. .... , l - 

In the inferior vwia ca\n. the blood catried by the ductus i^oosus and hepatic 
veins mixes ivith that reiuming from the lower limbs and from the abdoitiinal wall. 
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It enters the right atriump and, guided by the valve of the inferior vena passes 
for the most part through the/or^al^pll avaU into the left atriumt where it mingles 
with a small quantity of blood returned from the lungs by the pulmonary' veitia. A 
small amount of blwd returned to the heart by the inferior vena cava, however, 
imtead of passing through the foramen ovale, goes through the right atrioventricular 
oriike with the blood from the superior vena cava* From the left atrium blood 
passes Ldto the left vcmriclCp and from that cavity into the aorta^ through the 


Fio. 6r^6.—A pliin af the fceial dicoktimt^ 
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bruiches of which it is probably distributed almost entirety to the heart itself and 
to the head and the upper limbs, only a small quantity being carried into the 
descending aorta. The blood from the head and the upper Ismhn is returaed by the 
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Bupcdor vena cava lo the right atrium and all of it passes through the right atrio- 
ventriculiir orifice^ carrying with it a smaU arnDunt of the blcKnl relumed by tli« 
inferior vena cava. Having reached the right vent rick this blood passed into the 
pulmonary trunk. The lungs of the ftetua bemg inactive, only a small quantity of 
the blood conveyed by the pulmonary trunk is distributed to them by the right 
and left pulmonan' artcri«, and returned by the pulmonary^ veins lo the lefi atrium ; 
the greater part passca through the ductus ttrlenosus into the aortSp where it mptes 
wjdj the small quantity of blixid trausmitted by the left ventricle into this part of 
the aorta. It descends through the aorta and is in part distributed to die lower limbs 
and to the viscera of the abdomen and pdvh, but most of it is conveyed by the 
umbilical arteries to the placenta, 

Tlie preceding account of the circulatJon of the blood in the feetus has been 
confirmed by observ'aiions made by radiography after The injection of radio^patjuc 
substances into the bloodstreani in fetal sheep.^ The following facta, which arc 
supported by c%'idcuce provided by blood-gas analyiiiSpt will be inferred : r. The 
placenta serves the purposes of nutrition and excretion, ftceivlng the impure blood 
from the fccitis and returning it purified and charged with nutritive matcriaL 
z. Some of the blood of the left umbilical vein travcrsca the liver before entering the 
mferior vena cava ; this is correlated wit h the relatively krge aiste of the liver, especj- 
ally at an early period of ftml life. 3. Only the pulmonary veins open directly into 
the left atrium, and the volume of blood which enters it irons this source is very 
small. On the other band^ the volume of the blood entering the right atrium is 
much greatevp and the pressure wiihin that dsambeJ- is much higher than the pressure 
in the left atrium. As a result, the llap-like septum primum (p. 161) is thrust over to 
tlie left (fig. 176, D) and the passage of blood from the right to the left side of the 
heart is effected easily. The valve of the inferior vena cava is placed so as* to enable 
it to direct nearly all the blood wliidi L^ucs firom that vessel 10 the foramen os^alc 
and so 10 the left atrium, whereas the blood entering the right atrium from the 
superior vena cava passes direcily into the right ventricle. 4. The pure bliMsd carried 
from the placenta to the foetus, mixed with the blood from the portal vein and inferior 
vena euva, passes almost directly to the arch of the aorta, and is dbirtbuted by ihe 
branches of that vessel lo the head and the upper limbs. 5, llie blood contained in 
the descending aona, chiefly derived from that which has dready dreubted through 
the head and the upper limbsi together with a small quantity ffoin the left ventricle^ 
is distributed to the abdomen and the lower limli^ 

'I’he CitiNOES IN TUB VAScmjtR System at Bjrth 

At birth, when respiration is established, an increased amount of blood from the 
pulmonar>' trunk pa.sses through the pulmonary arteries to the lungs* and a cor¬ 
respondingly mcrcased amount returns by the pulmonary veins to the left atrium. 
Ihc pressures within the two atria become equalised, and the foramen ovak, which 
ia valve-like in character^ ia dosed by the apportion* and later by the fusion, of the 
septum primum to the septum secundum (fig. 176)4 Not infrequently ihc fusion 
b incompkic and a communication between the atria may persist throughout 
life. Such a communication, unless large, has no functional significance owing 
to the equality of the intra-atrial pressures and the volvc-likc arrangement of the 
opening, no blood can pass from one side to the other. 

\Anten the umbilical cord is ligatured and the placental cireulatkiti is cut olf* 
the umbilical vein becomes thrombosed and is gradually converted Into a fibrous 
cord which constitutes the ligamtr/iium terts of the liver. The ductus venosus also 
becomes obliterated* but the reasons for its obliteration arc not so obvious and may 
possibly be asa4K:iaied with the altetatioti in the position of the liver brought about 
by the establishment of the nespimtory movements. Its fibrous remnant is found 
in the adult as the Ugamcnfiim refloririw of the liver. 

Obliteration of the ductus arteriosus is an essentia! but^ probably* a gradual 

• " The Cireulstion," A E. BamEay. K. J. Fniiklitl, M. M. L. Pricluird tZUadtvLell* 
1044 )' 

t LIui?i;rlt. 7 f/ooW- fri. pp. 373'^%- 

I It la possible lhat CCninK:tion of Ihe miisdc of the scpCum prunum A^Tichmnwith 
contmetion nf th* musqlE in ihc wall of thr *upcrsof vena cavm mskv pisiy ii putt m thia elosurv 
which probably oecurt oomc considrrablr iLnnt ofier ihc funcnnnal cloture of the ductiu 
axterioSuA dtsCntred below iX. R. Uarcky and K. }. I'ronlf Kin, Jwtm. FtiyiitiL, ^ 


ANGIOLOGY 


726 

process^ with prolifci^tion af the lining endotlieljum anci taking some 

uinnths io complete. Functional closure^ on the other hand^ occurs very 90on 
after birth and results from the neflex contraction of the thick muscular wall of 
the Vessel." 

Before birth the vessel U the direct condnuAtiDn of the pulmonary trunk, and has 
a fiknilar calibre. Ultimately it forms an impert ions cord which connects the 
left pulmonarv' artery near its origin with the arch of the aorta and is termed the 
iif^amentum arttria^um^ Following ligature of the umbilical cord, the umbilical or 
hypogastric arteries become thromlKised from the point at which they give off 
their last branches—the superior vesical arteries—to the umbilictis,. and are sub*^ 
sequently converted mto fibrous cords^ w'hich lie in thccxtniperitoneal fatty tissue 
of the lower part of the anterior abdominal wall and produce the trin^//i'ra/ 

folds of peritoneum. 


Abnormalities of tiif Hf-vrt 


1. AhtifrmsiIitUs of position^ 

(d) The position of the heart may be completely reversed so that the apex is 
directed towards the right instead of the Left. This cooditlDn is associated with 
mirror image positioning of the great vessels and of the aortic arch+ It may be a part 
of general transposition of the viscera or Situs inversus’ or the condition may a^ect 
only the heart. 

(A} Ectopia cordis. The heart may project on the surface of the thorax through 
a gap in the tower part of the chest ivalh This is associated with a breakdown of the 
thin body wall and anterior part of the pericardium at a very^ early $ttage of develop- 
ment. 

2. Abnorinalities due to Jaiiarr of developmrfit or to inaunpkte absorptionr 

Probably the great majority of serious cardiac deformities result from these 

causes, the commonest failure alTecting the bulbus cordis and the absorption of the 
bulbf3-venlrit:ular ridge (p. *55)^ If the bulbO”ventricular ridge is not properlv 
absorbed the tnincus lies in an abnormal position relative to the atrioventricular 
openings 50 that it is imposaiblc for the bulbar septa iq meet the interventricular 
septum and the st^tum bitermedium in proper relationship and there is often 
a patent interventricular foramen. Moreover the relative position and size of the 
aortic and pulmonary orihccs arc usually akcjed, the aorta lying much further to 
the right and anteriorly and overriding the veniricular septum. Since it receives 
a larger sluare of the circulation than normal, the aortic part of the bulb and 
truncus undergoes abnormal enlargement relative to the puhnonarv trunk which 
is often stenosed in chest; cascSv 

The following am some of the varieties of failure of development and incorpora- 
ibn : 

(fi) Failure of development of the bulbus. 

(1) Severe aireaL ^is results in atresia of the pulmonary or aortic in fundi- 
buium, more often the former. There is cxiensive hbrosle where the pulmonarv 
orifice should be* ‘Hiere Is invariably an interventricular foramen and often a 
patent ductus arteriosus through which tin; pulmnn-nry' circulation h carried out. 
When the ductus docs close, ihc bronchial arteries may enliirgc to take blotjd to the 
lungs, but cyanoaia is a prominent feature of all these cases* The name ' J'alloi’s 
tetralo^ " h given to the condition where there is a comhination of pulmonary 
itenmsis or atresia, a displacement of the aortic opening to the right to override the 
ventricular i^eptum, an intcn^cntrioilar defect and hypertrophy of the right ventricle. 

(2} Failure of expansion of the bulb, 'niis results commonly in puhnunary 
Bicnosis, mare rarely in aonic sicnosis. A fibrotiii ring usually separates the 
pulmonary infundibulum from the body of the vemride, the pulmonary valvules 
may be fused in Addition and there is usually an inttmmtricubr foranten. Another 
variety of pulmonary stenosis affects the vulve only ; the vali-Tilis arc fused to form 
a conical diaphragm perforated at Its centre by a small opening. 


■■ i>iriq 9 ep!i Beirttort, Lonfet, vql, li, ra4i : A. E. Eareky, J. Dnrertift, K, J, Fmoklin and 
D. H. Hirron, Brit. Joum. of 11 , : urtd A h, Uarcla\% K. I. Franklin and 

M. L. Prichard, Bris.Jmtrn. ^ R(idu^stf^y\ 1^, 
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{A) Failure of incorporation of the sinus wnosus into the right atrium {see 

p* 159) is rare. , * v 

(f) Failure of ahaorption of the pulmonary veins into the left atrium (p- tot) 
may occur. When complete, there is only one common pulmonary vein which 
receives four iributarics, two from each lung. 

3. Dtftcti of the cardiue iepta. 

(a) The interatrial septum. Any degree of defect may occur from complete 
absence of the septum to a persistent valvular foramen ovale, the latter being often 
of no functional significance. Severe defects where the foramen ovale primum has 
ncv'cr closed are occasionally associated with one common airiovcntricijlar orifice 
guarded by three cusps. 

(fc) The ventricular septum. Failure of the membranous septum to form is often 
associated with abnormalities in absorption or expansion of the bulb (see above). 
The ventricubu- septal defect may be relatively small and compatible with many 
years of normal life, or may be larger and of much graver significance. Displace- 
tnciuof the muscular septum to one or other side, usually the right, and incomplete 
growth of this septum may give the appearance of there being a single ventricle. 

(c) ITic bulbar septum' may be perfonited nr may fail to develop, in which cw 
there is a common tnincus from which the pulmonary' arteries and the aorta arise. 

(d) Transposition of the aorta and the pulmonary irunt. Reversal of the spiral 
aorto-pulmonary septum may occur in which case the aorta springs from the nghi 
and the pulitnftmry trunlc from the left ventricle. 

4. Ahwnmeilititf of the viscerat archet. 

fu) Right aortic arch (see p. 170). 

(A) Patent ductus atteriosus (see p- 704). 

(e) Coarctation of the aorta (see p. 794)- 


THE .ARTERIES 

The distribution of the systemic arteries is like a highly branched tree, the 
common trunk of which, formed by the aorta, commences at the left ventricle, white 
the smallest ramifications extend to the viscera and to the penpheral parts of the 
body. Arteries are found in all parts of the body, except in the hairs, nails, epidermis 
and comese. The larger trunks usually occupy protected situation^ running, in the 
limbs, along the flexor surfaces, where they arc less exposed to injuty, 

'Hiere is conaiderahic variation in the mode of division of the artencs; 
occasionally a short trunk subdivides into several branches at the spie point, as in 
the creliac and thyrocervical minks; more usually the vessel gtv« off several 
branches in succcSBion. and still continues as the main trank, as in the arteries 

of the limbs, ,. , , , . 

branch of an artery' is smaller than the ttimk from which tt anaes: but if an 
artery divides into two branches, the combined sectional area of the two vessels is, 
in nearly every instance, somewhat greater than that of the trunk t and the com¬ 
bined acetionsd area of all the aiteriai branches greatly exceeds that of the aorta. 

Arteries do not always end in capillaries t in many eases they unite with one 
another, forming what are called uaaffopnowj* Anastomosis beiw'een trunks of 
nearly equal sixe is found in the brain, where the two vertebra! arteries unite to form 
the basilar artery, and the two anterior cerebral arteries are connected by the 
anterior communicating artery ; and in the abdomen, where the intestinal arteries 
have free anastomoses between their huger branches. In the limbs, the ^asiomoscs 
are largest and most numerous around the joints; the branches arising from an 
artery above a joint uniting with branches from the vessels below it. These anastn- 
nioses are of considerable interest to the surgeon, as it is by their cnlaTgemctii that 
a collateral circulatim ts established after the application of a ligature to a main 
arterv. I'rom the practical point of view, the iinportatiee of any Individual a rterial 
anastomosis depends on the distance which separates the points of origin of the 
anastomosing vessels. The smaller branches of arteries anastomnse more frequently 
than the larger; and between the smallest twigs these an^tomoses may be so 
tiumeroiis that they constitute a close network. In certaiit regions of the body there 
arc arteries which have no anastomoses with their neighbours and a« therefore 
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called rnd-artmts. If ap Attcry of tliis type be occluded, serious nutritlgpai 
dUturbnnces resulting in death (nccrosia) will occur in the tissued supplied by the 
vesscL The central artery of Ute retina is the best example of an end'ariciy^ and its 
occlusion Is followed by permanent blindness^ In the jE^rc^subscancc of the cerebral 
cortex the arteries eouimunicatc with one another only through the captllaiy bed 
and from the practical point of v\t\v they arc end-artedes. The same applies to the 
arteries of the spleen, kidneys and lungs. 

The Puoioxaby Thuivk 

1 he pulmonary trunk (figs+ 677^ 6fto and 1099) conveys doox^'genated blood 
from the right ventricle of the heart to the lungs. It b about ^ cmV In length and 
t cm. in diameieri and arises from the base 0/ the right ventricle above and to the 
left of the Supraventricular crests ft runs upwards and backwards, at hrat ifi front 


tie. 677 -—A imriRvifrHr SKiiori lJ 3 rQii 4 s:h the Triedciasiinum it the level of the lower 
border of tht fifth thonlciE: vertebtfl. 
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ol ihc pending 4 t>rut» and then tv iu left side. In the eotica^tv of the aatrie arch 
It divides, at t^he Icvd of the fifth thoracic vertebra, into right and left pulinoijjirv 
Artenvs, which are of nearly equal size. ^ 

Relati^,—The whole of the pulmonaiv trunk U contained within iho peri- 
conliuiR. Together with the ascending aorta it is enclosed in a commoii tube of the 
viscera layer of the wrous pericardium. 'ITie fibroua layer of the pericardium is 
gradually lost upon the external coats of the two pulmonary arteriw. /« front the 
pulmonary trunk is aeparated from the sternal end of the left second intercosial 
space by the pleura, the left long and the pericardium, Bfhind, it rests at first unon 
tlw pending aorta and the left coniiwn- artery ; at a higher level it lies in front of 
llie left dtnum, and the ascending aorta is on its right side. ITie auricle of the 
eorre^nding atrium and a coronary artery Ue on each side of its orisin The 
superficial part of the rardiac plexus lies between the division of the pufmonarv 
trunk md tlie arch of the aorta. ^ 

The right pulmonap'i^ery, slightly longer and larger than the left, runs 
honwin^lly to the nghi. behind the ascending aorta, superior vena cava anti uuocf 
right pulmonary vein, and m front of the ossophagua and the right bronchus to the 
root of the right lung, where it divides into iwa branches. The lower and larucr of 
these IS distributed to the middle and lower lobes of the lung; the upper and smaller 
acconip^uiicfi the upper right lobar broudtus. 
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The left pulmonary artery', a little shorter and smaller than the right, runs 
horixontally in front of the descending aorta and left bronchus to the root of the left 
lung, Avhere It divides into two branches, one for each lobe of the lung. Above, it is 
connected to the concavity of the aortic arch by the Eggmetttiun artcrioaum, on the 
left of which is the left rccumiiit laryngeal nerve, and on the right the superficial 
part of the cardiac plexus. The ligarnent of the left vena cav-a (p. 704) passes from 
Its lower border to the upper left pulmoTuiry vein. 

The branches of the puLnonary arteries to the bronchopulmonary segments are 
described with the anatoiny of the lungs (pp- 1341. iS+i)-* 

Applied dwrt/ono'-— Emboliapi of the pulnionar>' trunk by a clot of blood cotnUig 
r«Mn the right side of the heart in patients with heart-disease, or frotn a thrombosed 
deep vein aficr operations, is a conHiton cause of sudden or rapid deadi. 

The treatment ofeongenitai stenosis of the puimimary trunk, both with and with¬ 
out an associated right to left intracardiac shLuir " has advanced rapidly in recent 
years. From the indirrct " sysicmic,'pulmonary vessel anasiomosis ” f to the direct 
bliraJ approach to the narrow pulmonary orifice and right ventricular outflow tract, 
and finally t-ra the open dry heart techniques employing hypotheimia or suitable 
pmnp.'oxygenator circulatory replacement machirtesT 

The AoarrA 

'I’he aorta U the main trunk of the seriea of vessels which convey the oxygenated 
blood to the tissues of the body. It begins at the upper part of the left ventricle, 
where it is about 3 cm. in diameter, and after ascending for a short distance, arches 
backw-ards and to the left, over tlie root of the left lung; it then descends within the 
thorax on the left side of the vertebral column, gradually InLiinmg towards the 
median plane, and enters the abdominal cavity through the aortic hiatus in the 
diaphragm. Considerably diminished in siKC (about i-ys cm. in diameterj, it ends 
a little to the left of the median plane, at the kvtd of the lower border of the fourth 
lumbar vertebra, by dividing into the right and left common iliac arteriga. For 
convenience it is described in several portions, vis. the i^rndin^ dorm, the arch qf 
the carta, and the deserndhtp cf/rta, tlie lost being divided into the tkoradc and 
cihiioTfimat 


The jVsceN’dhcc Acuta 

rhe ascending acm (fig?. 656, 677 an J i is aUjut 5 cni, long. (t begins ai 
the base of tbe left vciurick* on a level with the lower IvorJer of the third costnl 
cartilage, behind ihe left Jialf of the sternum ; it passes obliquely upwards, fonsTirds 
ai^d to the rlghtp behind the sternum, aa high as the upper border of the scootid 
right co«tal cartilagey describing a s-Ught cun t in its course^ At its origin, oppo¬ 
site the eusps of the aortic valvt, there are three smalt dilalations called the at^rtic 
jinitfCJn At the union of the ascending aorta with the aortic arch the calibre of the 
vessel is slightly increased p owing to a bulging of its right walln This diktat ion is 
termed the bidh oj the aorta, and.oti transverse section at thk levels die vessel pre¬ 
sents a somew liat oval outline. 

Relations —'fhe ascending norta is contained within the fibrous pericardium, 
and is enclosed m a tube of the serous pericardium, common to it and the pul¬ 
monary' trunk (figs. 655 anti 1099). Antfriitriy, its lower part is related to the in¬ 
fundibulum of the righi ventricle (p. 710), the conunenctTricnt of the pulmonary 
trunk and the auricle of the right atrium; higher up, ii is separated from the 
sternum by the pericardium^ the right pleura, the ajiicriDr mor^n of the right lung, 
some Icxjse areolar tissue and the reinalns of the* thymua ; pojterwrly, it is related suc¬ 
cessively to the left atrium^ the right pulmonarv arterv' and the right bronchus ; on 
Its tide, to the superior vena cava and right atrium^ The former lying partly 
behind it; on its left side, first to The left atrium and, at a higher level, to the 
pulmonarv^ trunk. 

Branches*—The branch^ of the ascending aorta are the right and left coronary 
arteries (figs. 659, 67S). w hteh supply the heart ^ they arise from the aortic sinuses 
immediately above the attached margins of the valvules of the aortic valve* 

* For a dfltnil-td Account^ consult a psptr by A. B. Appkiuo. Lancei, v'ol. Ih UM't- P- 

t Alfred NLilodc* Chuithilj i^mre of Surgery, v-ol. 115. No. 5 . p, lay. 

; R. C. Brt>ck. Bfvrnpifm tioip. Rejwff, iB, 8 . i^h>. 
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'rhc righi catooary arierj^ frofn the amcrior aortic smua. It at 

first for^eorda and to the right to cnia:ge bctwccu the root of the pulmonary trunk 
and the right auricle and then runs dovmwards and to the right Ln the right por¬ 
tion of the corooBty aukua (atrioventricular gro<»ve)t tfi the junction of the right and 
inferior ntargina uf the heart. Here it turns to the left and mns on the back of the 
heart, as far as the posterior intcr^'entricuLar groove, where it anustoinoscs with the 
left coronary artery. The right coromin' artery soppl its bmn ches to the right atriu m 
Bhdp by means of a dranch (fig. bj^), to both surfaces of the tight vcfitrick. 

Near its tcmiination it gives olT a poiitrior ifsim'tairiralar branch^ which runs for- 
is^ards in the posterior intfM^enLriculai groove^ supplies bninches to both ventricles 
and anastomoses near the apex of the heart with the anterior intcrvcnirieular branch 
of the left coronary artery. 


Fjo, CiyS—A Bchcmc ahO!A'in|$ the COUrfie of thi? CdrOnaiy ajlErica, 
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The left coronary artery, larger than the rightp ariaea from the left posterior 
aortic sinus and^ after a short course forwards between the pulmonar>^ trunk and the 
left auricle* turns to the left in the coronary sulois. It then passes backwards 
round the left margin of the heart and accompanies the caronary ainus as far as the 
interventricular groove, where it anastomoses with the right coronary artety^ It 
supplies branches to the left atrium and the base of the left ventricle. At the point 
where it turns w the left* the left roronaiy ajic^ gives off a large mterr^mirimisr 
braj^ch, which descends in she anterior interventricular groove, to the incisum apicis 
cordis. This branch supplies both ventricles and anastomeses with tlie Lnter- 
%'eiitricular branch of the right comnaty artery. In many subjects it turns round the 
apei of the heart and runs backwards far a varbblc distance in the posterior inter- 
ventricular groove (fig. 67H). 

There Is a vciy' free anascomc^s between the minute branches and betw een the 
capillaries of the two coronary arteries in the substance of the bean.* 

i^icuiinriiitt. —Very rarely the cornnary arteries arise by a common trunk ; or their 
number may be increased to th rec or four^ The Breas of distri butinn of the tw'o arteries 
on the dinphragjnatie Burface of the heart a re subject to considerable varisfiari. 

• Ceniult Ln thS* oonncaion Tht Sttppiy ^ ihs Heart, by Louts Cjitk^s, j^it. 
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Applied ^iwafflMy —The sudden blocking of a caraiuTy artery by nn embolus, or 
its mon; [{nidiial obsmicrion by arterial disease or thiotnbaau, is a comnlon cause of 
sudden death in pctstins past middle age. If the obsmiciion to the passajie of blood w 
jnconipIctCp the? pitient majr from- pti^iorw, a contlttion ALSSod-Hted witJi 

agoniaiti^l pain in the pr^icordiol region and dowTi the left umi. 

The AliiCH of th£ Aorta 

The arch of the aorta (figs. 680, 6S1) connects the ascending with the descend¬ 
ing aorta ; it begins behind the manubrium atemi at the level of the upper border 
of the second right etemocostal articulation, and runs at first upwards, backwards 
and 10 the left in front of the trachea ; it is then directed backwards on the left side 
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of the t rachea, and finally passes downwards on the left side of the body of the fou rth 
thoracic vertebra, at thc'lowcr border of which it is continuous with the descending 
aorta. Its tcimination corresponds to the sternal extremity of the seond, left 
costa) cartilage (fig. 608 )♦ It thus forms two curvatures ; one with its coni-exity 
uptvards, the other with its con^TxIty forwards and to the left. ^ Its tipper border 
is usuallv about the level of the middle of the manubrium sicmi. 

Relations.— .didernw/y* and fo tite Uji the vessel is covered with the left medias¬ 
tinal pleura, under cover of which it» crossed by four nerves; ui order from before 
backwards these arc j the left phrenic, the lower of the cervical cardiac branche* of 
the left vagus, the superior cxrt'ical cardiac branch of the left sympathetic, and the 
trunk of the left vagt». As the left vagus crosses the arch it gives off itt recurrent 
laryngeal branch, which hooks round below' the vessel to the left of the ligamentutn 
artcriosutn and then passes upwards on its right side, Tltc left superior intercostal 
vein runs oblit|ucly upwards and forw’ards on this surface of the arch, crossing 
superficial to the vagus but deep to the phrenic nerve (fig. 680). The left lung and 
pleura separate all these structures from the chest wall. i*odenorly and to the right, 
the trachea and the deep cardiac plexus, the left recurrent laryngeal nerve, the 
<e$ophagus, the thoracic duct and the vertebral column are successively in relation 
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to tht vessel Ab</v^f the bmchioccpImJk (ijmominatc), left common caroud and 
left subclavian artenea snse from the conve^diy of the arch and arc crossed close to 
their orjRina by the left brachiocephalic (innominaic) fiefowp the arch is re¬ 
lated to the bifurcation of the pulmonary trunks the left principal bronchus, the 
ligamentum artcriosum (p^ i 69 }t the superhcial part of the cardiac plexus and the 
left recurrent laryngeal nerve. 

In the fcEtus the lumen of the aorta is considerably narrowed! benveen the origin 
of the left anbclasian artery and the attachment of the ductus artcriosuai forming 
what is termed the aoriii isihrmuy while unmcdiatcly beyond the duEmis arteriosus 
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the vessel picbctit^ a fusiform dilatarioo which His named the aoriic spmdU^xhic 
point of junction of t he two parts bdng marked i n the concavity nf the arch by an in¬ 
dentation or angle. These conditions pepist, to some extent, in the adult, w’hcTo His 
found that the average diameter of the spindle exceeded that of the isthmus by ^ mm* 

Pe£tiiiafiti ^.— ^The summit of the arch of thi^ aorta is usually about 2-5 cm. below 
the upper border of the sremum ■ bur it mny be ccnsidcmbly hij^'her or Inwcr than this. 
Someliroee the aona arches over the root of the right lung {right aortic arch) instead of 
that of the left, and passes down on the righr side of the venehral column, a con- 
diiion which ii notmaj In birds. In such cases there usually a transposition of the 
thoracii: and of the abdom inal viiccni. Leas frequently the aoita, after arching over the 
remit of the right lung, passes behind the c^ph^us to gain its usubI position on the left 
Btde of the vertcbnil column : this peculisrity is not accompanied by imnsposition of 
the vtseem. The eorm occasionally divides, oa In some quadrupeds, into an ascending 
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ijid a descendinff trunk, the former of which is directed vertically upis'urd*, tnd sub- 
divides into branchesp to supply the head upper lunbs, ibomclimes the 

swTtH subdivides near its otigin into two hrafiehea* which soon reunite ; in thtfic cases 
the -ccsopho^s and trat-kea usually pass thmugh the inlervaS between the tW'O branchy; 
this is the nomial condition of the vessel in the tepdlia nnd ia due to persistence of a 
part of tire right dorsal aorta which usually tlisappears (fitf, 170). 

Radioiogiml appfOtima.^TiK shadow cast by the terminal part of the ar^ ja 
easily seen in antero-posteriOf radjographs {PI- XIX3 and is sometimes caUed the 
' aortic kIlucl{kr^ The arch may also be seen in kft anterior oblique rudiogr^pha 
enclos in^ a ttinalmrcni spacep * the aotti<: window In which may be seen tlie shadows 
of ihc pBilmonarj' trunk and ifi left branch.. 

Branches f%. 6?io, 683).—Hirer hranchca are given off from the upper aspect 
of the arch of the aortUp vii.: the brachiocephalic trunk {innominate)* the kft 
common carotid and the left subclavian. 


Fic. A tfsnsverae section through Ibe mcdiaBtiiium ni the level of the upper 

pHrt of the body of the fourth thoracic vertebra- 
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P^ciiliatiiKs.—The branches may spring from the commencement of ihe arch or 
upper port of the sscending aorta ; or the distance between them at their origins may 
be increa&eti or diminished, the most frequent change in this respect being the 
approximation of the left carotid artery to the bmchiocephalic mink artery. 

The number of the primary branches may he reduced to one ; mote commonly 
there are two, the left carotid arising from thebrachiocephaJk trunk* Or (more Mrely) the 
tarDtid and siijbclovlan arteries of the left side arising fnnm a left hfachiocephahe trunk. 
But the number may be increased to fouCn through the right carotid and su^lavmn 
arteries urising directlv from the oeirca in most of these cSses the right subclsMan 
ariECs from the kft end of the •ich anti passes to the right behind the ttSOflhflgus (ter 
also p. 170)- -\nother common vnriation in which thei^ are four primary branches is 
that wheni the left wnebtal ertery arisM from the arch of the aorta ^tweco the left 
carotid and aubclavian artcriM, Lastly, the number trf trunks may be increased to 
five Or six s rarclyi the cKtcrtuil and intcftial carotid artcrits arise scpaoitclyp the 
cottimon earotid bcinjij ahseoc on one or both sides. In some few cases sisc brajicbts 
haw been found, and this condition i* sssocieted with the origin of both vertebral 
arteries from the sreh. f,L l . l 

When the aorta arch** over to the right stde, the ammgiCTncm of the three branchw 
is revemed : there is a left brachioecphalii: trunk, and the right carotid and right sub- 
davian arteries arise separately. In other cases, where the aorta takes its usual course. 
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tv£o carotids may be Jiiincd in a counmun tnuiic^ anil the iLLbelaviana arise sepanateJy 
frtim the orch^ ihc ri^jht ^ubekvian Hfimurany arisinj; from the left end uf the arch. 

Other artcric? may spring from the ondi of the aorta. Of theat the most oommao 
ttie the branchial (one or both)k nnd the (hyroidca iina the internal mammary’ and tlie 
inferior thyroid have been seen to arise from Lt» 
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The Brackzcx'ephalic (Innominate) Ahtekv 68*, 682, 6831 685) 

The brnchicjcephalic: artery is the larijest bmnch of the arch of the aortii, and 
ts from 4 to 5 cm, in length. It arises from the convexity of the arch of the 
aorta, poatedor to the centre of the mamibnum stemi j it passes obUquely 
up^vards, backwards and to the tight, lying at finst in front of the trachea 
and then on its right side. Ai the level of the upper border of the right stemo- 
davjcular joint it dirides into the right common carotid and right subdaviaD 
arteries. 

Relations .—Anirrioriy it h separated from the manubrium stemi by die Sterno¬ 
hyoid and Sternothyroid musdes, the remains of the thymus, the left brach iocephaLie 
and right inferior thyroid veins, which cross its root, and sometimes die cardiac 
branches of the right vagus nerve* Posteriorly it is related to tlie trachea below, and 
tile right pkuia above, where also the right vagus ner^e lies postcmbtcnil to the 
vessel before leaving it to psiss on to the side of the trachea ; on the ri^ht rirfr, arc the 
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right brachiiKtphaJit: (UinomLiiaic) v^;in, tht; upper pari of the supcnor lena cava, 
and the pleura ; and nn the te/i ihe remairiB of the thymusp the origin of the left 
common caiutid arter)^ ihe inferior thyroid veins, and at a higher level the trachea. 

Branches.— The brachiocephalic arterv' is usually devoid of branches other than 
its terminal Giles, but occasionaUv the thyrmd^a ima arises from it, and somelimw 
it gives off a thymk or a bronchial branch. 

ITic thyroidea ima, small and inconstant^ ascends in front of the trachea to 
the isthmus of the thyroid gland, in which it ends. It occasioplly arises from 
the aorta, or from the right common carotid, subebnan or inteiml thoracic 
arteries. 

Prculkiriiifs. —Tlit brachiocephalic artei^' somethnes projccia nbove ihe upper 
border of the manubiium stemi- It may divide above the level of the stemoclavicuJsr 


Fig. ^3.—a tniuvote section thmuRh the fluperior rnedtiBtiiium at the lev^l of the 
b^y of thr third thoracic verrebra- 
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joint, less frequently bcluw ir. UTien the aortic arch is an the right side, the brachio¬ 
cephalic artery is directed to the left side of the necL 


THE ARTERIES OF THE HEAD AND NECK 

The principal arteries of the head and necit are the two common carotids; they 
ascend in the neck till they reach the level of the upper border of the thyroid 
cartilage, where each divides into two blanches, ra. (i) the external carotid, sup¬ 
plying the exterior of the head, the face ^d the grntcr part of the n^k; {a) the 
internal carotid, supplying the parts within the cranial and orbital cavitita. 

'I*hc common and internal carotid arteries, together with the veins and nerves 
which accompany them, arc rituated in a cleft oii each side of the neck. This cleft 
may be said to possess three walla; a posterior, formed mainly by the ccn-ical 
vertebrs with their attached muscles ; a medial, consisting of the trachea, rrso- 
phagus, thyroid gland, larymx and the constrictor muscles of the pharynx \ and an 
anterolatecd, made up of the Stemomastoid with, at different levels, the Omohyoid, 
Sternohyoid, Sternothyroid, and the Digastric and Stylohyoid muscles. 
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The Common Casctid ArtTEHiEs 

The commpn carodd arteries differ in kisgth and in their n^ixie of origin. 
The right arttT>' heginfr at the bfrurcadQn of the brachiocephalic trunk behind the 
right Btemockvjcislar joint and is confined to the neck* I'he if/t arter>' springs from 
the highest part of the arch of the aorta imniedtately behind and to the left of the 
brachiocephalic trunk, and therefore consists of a thoracic anti a cereical portion. 

The thoracic portiofi of the left cammori carotid ajctery (figs. 682^ 6S3) 
ascends from the arch of the aorta 10 the level of the left stemoclavicubr joini^ 
where ti is continuous with the cenicaJ portion^ It lies at first in front of the 
trachea^ but later inclines to its left side. 

Relations .—In frent, k is separated from the manubrium stemi by the Sterno¬ 
hyoid and Stemothynoid muscles^ the anterior portions of the left pleurni and lung, 
The left brachiocephalic vein and the rerraiiins of the thymus ; hehiftd, it h relatcif 
first to the trachea, then to the left subclavian artcry\ the left edge of the cesophagus, 
the left recurrent bryngcal nen^n and the thoracic duel. On its rtghi side it is related 
helow to the hrachiocepliahc trunks and above to the trachea, the inferior thyroid 
veins and the remains of the thymus ; at its kft side are ilic left vagus and phrenic 
nerv^es, the left pkura and lung. 

iTie cervical portions of the common carotid arteries resemble each other 
so closely that one description will apply to both (figs. 6S2, 636 ). Each passes 
obliquely upwards, from ^hind the aternockvicular joint, to die level of the upper 
border of the thyroid cartilage, where it divides into the r^rrmal and internal carotid 
arteries. At its point of division the vessel show's a dilatation, termed the atrotid 
nnus, vvhidi usually involves, and may be restricted to, the prosimal part of the 
internal carotid artery. In this situation the tunica media is thinner than elsewhere 
and the tunica ad^^entitia, which is reJadvety thick, contains a large number of 
sensory nenc-endingB, derived from the glos^-pharyngeal nefii^e (p, 113.S)* The 
structure of the walb of the sinus enables ii to react readily to changes in the arterial 
blood'prossurc and to bring about appropriate modihations reficxly. Owing to its 
situation on the main artery of supply to the brain its function as a " pressor- 
receptor ' mechanism enables it to enercisc control over imracranial pressure. The 
asrvfid Aody, ivhich lies behind the point of division of the common carotid artery^ 
is 3 small, reddish-brown structure; it acta as a " chcmo-rcctptor \* 

At the lower part of the neck the two arteries arc separated from each other by 
a narrow' inlenal w hith cmitains the trachea; but at the upper pan^ the thyroid 
gland, the hrynx, and the pharynx project forwards bctW'cen the two vessels. The 
common carotid artcre is contained in the carotid sheath (p. 566). which is derived 
from the deep cervical fAScia, and is oomposed of loose cellular tissue, but the part 
surrounding the arte it is thicker and denser than the rest. This sheath encloses 
also the internal jugufar %^ein and vagus nen e. the vein lying lateral to the artery, 
and the neree between the artery and vein, on a plane posterior to both. The 
supt Ha r ramus of the ansa ceiw icaJis {r. dcsccndens n. hypoglosai) is embedded in 
its anicrior wait (fig. 564). 

Relatioiis.—The common carotid srtcry is crossed milerotaterailyy at the level 
of the cricoid cartilage, by the superior bdly of the OmohyoicL Below the level of 
this muscle the artery^ is ver>' deeply ^ated, being covered with the skin, superficial 
fascia, Platpma, deep ccnical fascia, Stemomastoid, Sternohyoid and Btemo- 
thyroid. Above the level of the Omohj'oid it is more supcrfitaal, being covered 
merely by the skin, the superficEal fascia. Plasma, deep cervical fascia and the 
medial margin of the Stemomastoid ; this part of the artery' is crossed obliquely, 
thyroid artery. In front of, or embedded in. its sheath is the superior ramus of the 
anm eervLcaJis (r. deserndensn. hypt^Eoasi), this branch being joined by ihc inferior 
ramus of the ansa, ivhich iipringB from the second and third ccjwJcal nerves and 
crosses the vessel obliquely. The superior thyroid vein usually crosses the artery 
near its lemiiiiatiun. and tltt middle thyroid vein a little below the level of the cricoid 
cartilagd ; the anterior jugular vein crosses the artery'Just ahtwe the clavicle, but is 
separated from it by the Sternohyoid and Sicmuthvffjid muscles. Bi/tind, the artery 
is separated from the transverse processes of the fourth, fifth and sixth cervical 
vertebra by the lingua cervicia and Longus capitis muselcs and the origin of the 
• .Sehumieher mikttKrQp,:-amn. 43, Jojfl). 


PLATE XXa 



Ani^iooLitLideriirrs, (Dr. Knncr* Giidnpir), duming the Jcfi iitlenf ihd= hejirt inn child df 
11 ymrn «ntem-pC7sEeiiDr vjeWp 

1h Upper piilmonuy VDin+ sUiuiTt. Xotc tltiat owinj; tci tbt srcut dbLufulty 

of iJie ntTiHl »epnim, ihc left Atrium extende to the rfiht behind the hifht Arrium. 
Ivcft ventndc. 4^ iUden^g idita. 5. BnH:hkH<ephii 3 tc irunl. b. Lefi eommaa 

7* *ubckvkfi itter>\ Kmt that the Arms df ihe pAcieni Afe raiKd abov^ 
[he hewl And tbat^ ha a rcBuJf, the dUtal end of thn Hiteiy puifiee-1 ■puganl'w 






PLATE XXe. 



Aflifiociirdioflrpin, (Dr, Pnincn Ciflrdnfr), thovrinj^ tlii: rifiht hemn in a child of 

I a yc!aim; antero-pottcrior 

I. Superior vitfM- a, atrimii, 3, RJ^t vei^ tticlti. 4^ Pulmorury ictitik^ 

5- Rj|Eht piikmiiiar\^ utcry, 6. Lelt pulmdUBi^ art^-. 



Key to E^te KXlv 
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Sc^lenu^ antcrJori %h^ ^yrnf^fitKctic: trunk and the ascending ecmcal artery being 
interposed bL'tM’een ifie artery atifl the muscles, Below tbc luv'e] of the sixth cen^ical 
vertebra the eommon carotid artery lie# in the angle between die Scalenus antenor 
and the Longus cervicis (fig. M5), anterior tn die vertebral v-c^ls, the inferior 
thyroid and subctaviiari arteries, the Bvinpathetic trunk* atsd* on the left side, the 
thoracic duct^ Ahdmf to it arc the ccsophaguSr trachcap the inferior thyroid artery 


Pig. 684,—A diiseciion of ther ri^ht wde of the iicek^ showiriE the carotid and *yh- 
claviflrn arten^s and ihtifr bnnchcL 
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and recurrent laryngeal nerve ; at a higher level* the larynx and plwmyx are medial 
to the arteqj; the lobe of the thyroid ghmd nverUps it AntemmcdialLy. Lairrai to 
the artery b the i menial |ugu{ar vein ; fiost^olaf^sily^ in the angle between it and 
the internal jugular vein is the vagus nerve. 

On the right side* at the lower part of the neck* the recurrent laryngeal nerve 
crosses obliquely behind the artery ; the right internal jugubr vein diverges from 
the artery, but the left vein approaches and often overlaps the Jowrr part of the 
vessel. 
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inferior thyroid antrie?. The branches to the gknd arc : The anterior branch 
which folloAv^ the medid border of the upper pole of the lobe and supplier prin¬ 
cipally the anterior surface, sending a branch across the upper border of the 
isthmus IP anastomose with the artery of the opposite side. The pc^terior branch 
descends on the posterior border of the glandp supplying its medial and lateral 
surfaecsp and anastomoses with the inferior thyroid arter)\ Sometimes a btera) 
branch is distributed to the lateral surface of the gland. 

Besides the arteriiM diatributed to the muacles and to the thyroid the 

superior ih^uoid artery suppUes the following named branches : 

liifiahyoid. Superior brynjica]. 

Stemomastoid. Cricothyroid. 

*rhc infrahyoid artery is small and runs oJong the lower border of the hyoid bone 
deep to the Thyrohyoid, tind lumtomust^ with the veteJ of the opposite side. 

The sterno mastoid branch frequently arises from the e^ctemal carotid eitery i It 
ninjs downw-anis and bteratly acmas the sheath of the common carotid artery. 

The superior Iiuyageal arfery> b frequently a separate branch of the external 
carotid artery; it accompimies the intemal laryngeal nerve and passes deep to the 
Ttiyrohyoid ; it pierces the lower part of the ihyrohyeid membrane, and supplies the 
larynx, anastomosing with the artery ot the opposite side^ and with the inferior 
laryngeal artery, a btojich of ihc inferior thymid a^te^5^ 

l"hc criculhyraJd branch is small and runs trartsvetsely across the tipper part of 
the conus elasticua communicating with the artery of the opposite side. 

2. The ascending pharyngeal artery (fig. 694), the stnallest branch of the 
external carotid artery; is a long, slender vessel. It arises close to the origin of the 
external carotid artery, and ascends vertically between the internal carotid artery 
and the ride of the pharynx to the under surface of the base of the skull, being crossed 
by the Styloglossus and the Stylopharyngcus and lying on the Longua expitis; it 
anastomoses freely with the ascending palatine branch of the facial artery. 

Its branches mv : 

Pharyngeal, Inferior tympanic. Mcningral. 

The pharyngeal branches, three or four in number, supply the Constrictor 
muficles md the StylophniyiigeuSr A branch of variable biec is distribuird to the 
paiJate, and may take the place of the ascending palatine bmneh of the Focijil artery j 
it runs downwardfi and foi^vards between the superior border of the Superior «in* 
■trictor and the Z^VHtor veil pafalini, and accompanies the letter muscle to the soft 
palate ; it gives Sfmie minute hmnchc^ to the tonaJj. and supplies a twig w the auditory 
tube. 

Tha inferior tympajuc artery la ■ xmall bTanch which passes througb the 
temporal bone, in the cnnaliculua far d^e rjin^tiic branch of the glossnphiuwageaJ 
ncri'c> to siipply the medial wnll of the tympanic cavity. 

The merningeal branches oie acvend Xmall vessels which supply tl^e dura maici-. 
One cniers the minium thmugh the fonunen locerum : 11 secDnd posses through the 
jii«tikr fonamen ; and, tjccasionally, a third passes through the hjiKiglo^ < on tenor 
condylax) canaL 

Numerous stnall ve^ls supply the Ivongi rapitk ct cervids, the sympathetic 
trunk, the hypoglossal and vagus Jienes, and the lymph glands; they amstomOH; 
with bfonthei of the ascendinii ccmcal and vcrtchral arteries^ 

j. The Imgiial artery (fig. 6S4) arisci from the anicfomcdbl sorike of the 
external carotid arter)- opposite to the tip of the greater oomu of the hyoid bone, and 
between the superior thyroid and facial arteries ; it ends in the ton^c. Running 
obliquely tipwardii emd medially at first, it then curves dou-nw-artk and forwards to 
the greater cornu of the livoid bone, fonning a loop which is thametcristit: of the 
ve^l: it passes deep to the pfssterior liordcr of the llyoglrwu^ runs horizontally 
forwards under cover of that iruiiiclc, and finally, ascending almost perpendic¬ 
ularly, ooursex torruoiLLsIy forwards on the under surface of the tongue as far 
as the tip (fig. 688). 

Course and reZations.—Tlsc fint of the lingual orter^' lies in the carotid 
triangle ; aupcrlkial to it are the skin, foieija and Plart^a; deep to it, the Middle 
efpnifriclor muncle, li runs upward^ and medially for a shr^rt disiance, end then 
descends m the level of the hyoid fhtne, forming a loop^ which ia cro&sud by the hywi- 
glossol nerve. The n*wiFSd of the artery tttuT^es alonjj the upper border of the 
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hydd biMic, deep to the tbe ttoilon of the Dignitrlc or lt$ fkiscia] retina¬ 

culum^ the Siylohyoid* the lower pun of the stihmaiidibular gland and the ptialcri&r 
part of the Mylohyoid, t the Hyoglofid-ti^ separates the ottety from the hypoglossal 
ner^'c and its vena comitans ; in this pari of ioi eonrsc it Lies tin the Middle constrictor 
tnuftcle anti the Stylohyoid ligament. It is accompanied by the Linf^l \-cim 

(p* 342). IT^e tfmd part of the arteiy ia named the aitena pro/aWo liFigutr. It btn<ia 
iturply upw-ards near the BJiterior bpordcr of the HyoglossuSp and then runs forwards 
on the inferior amfaec of the tongue near the Lrenulump occmnpanfed by the lingual 
nenc. Medially, it ia related to the Genioglossos i laterally, to the Longitudinally 


FiCi 6®Ji.—A djagram tbavrinR the structura coxwung the lorcmHl jugular vein 
and cjirdiid irieni^, and those iniervcning between the external and inietnal 
^dd Modified fjtim H figure in R. K GreenV iltmoH Anatomy 

far mfitoi Siiidenti, 



n. 


UpfKr atemo- 
MiMtoid SmncA of 
oocipiUil dv 


Digvinr ac, pM^tfrior 


Oocipimii. 


I qgw ■ 


iniernm r- 


Ltsa^ 

brancA n/oceipifaJ 0 , 


PAarpntftat hmnek cf 

Intmal d. 

StyiophaFifngfVM Pi, 

f7iosjto^}\or^nfjcal It. 

laryn^gal n, 
Eiietrml carotid 

aaneidar a, 

o. 


ijfypojb#*!/ ■. 
XirtiFOsI 4 , 

iorya^edl m. 
f^ifrtnd a, 

Extenml iaryn^eal lu 
It ruptriw to oif^a 
/f. v^ftrtar oMd 

—Jjijit cmvfdls 
Commoa carotid o. 


Linguie inferkir ; below, to the mucous membrane csf iIk tonguir. At the tip of the 
tongue it anastomoses with the Ungual artery of the oppmire aide. 

The lin^l artery is tlie principiU ves^ of aupp^^ to the tongue and tlie stme- 
ttiTK in the Bocy of the mouth. Its bfutichcs areas follows i 

The supraiiyoLd branch ii very omaU ; it runs along the upper border of the b^ttid 
bone, and anptomoses with its fellow of the opposite side. 

I*he r^smi dorsales lingua cansist usually of two or three small branches j they 
arise under co^-er of the HyoglosSua, ascend to the posterior part of the Uonnim of the 
tongue, and supply tbe mucous membrane of the tongue, the palatoglossal arch^ the 
tonsil soft psiaic and epiglottis ; xhey anastomoM with the vessels of the opposite aide. 

The cubtingual artery artM at the anterior margin of the I lyogloaatu, and runs 
forward between (he Genioglosims and Mvlohyoid to the aublinguxd gland. It suppLica 
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Pfftr/iarr>j«,—In about iz per cent, of $ulijccc$ the right coni^on carocid artery 
uri«» nbove the Wcl of the upper border of the ^temocLivicuIar joint. It may arise 
ds a ^ar^te bnmeh from the arch of the aom^ or in conjunctian with liio left carotid. 


Fio. 6H5+—A disieirtj^ Co the pteyereebniJ region end tire !vu|Krior mrdu^ 
tbniJiTi.. In addition, on tbe nnht vide the cdtsuit cleitiiEnif of ihe upper ahi 
ceivicil vcTCcbne have been removed 10 expoac the eervienj port the cmirse 
of the vertebnil iJtEry, On the tefi tide, the ditsection shomu mo^t of the deep 
relatione of the ecurimoii ceioiid aiiety and the intemai jugular vein< 
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The hfi ctrtnmofl carotid artery varies m its more frequently than the right. 

In the majority of nbnomuLl c^cn if ariiM in common widi the brachiocephalic atirrv *, 
if that fttlcTy be abstmi* the two carotkls arise uauany by a single trunk, tr h rarely 
joined with the left subclavian, except in cases of transpnairiem of the aortic arch. 
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Division of the common carotid artery may occurp higher than usutiU he or about 
the level of the hyoid bone ; more nirely it occura bclovr the usual level, opposite the 
middle of the laiynii^or the lower border of the encoid eartila^e ^ one case w'as described 
by Morgagni^ where the artery was only 4 on, in length and divided at the n^gt of the 
neds. Very rarely the artery ascends in the neck without undergoing division^ either 
the esreniiil nr the inremal carotid being wanting. )n a few ca»ea the artery has been 
found absent, the external and Internal rarotid arteries arising directly ftotn the arch 
of the aorta ; this peculiarity existed on both sides in sontc instaneci. on one side only 
in others. 

llie conirnnn camtid artery usually supplies no branch ^ but it may give origin to 
die vertebrah auperior thyrciid or it$ laryTigml hmiiiCli. the asti^efiding pharyngeal 
the inferior thyroidp or the occipital. 


TJffi Esn-KNAL Cahotid AMTi-Hy 

'n^c external carotid artery^ 695) bcgtue opposite the upper 

border of the thyroid cartilage^ at the level of the di^ betw'een the third and 
fourth cervical vertebrae, md^ taking ei slightly curved courvCp passes upw ards and 
forw'arda, and then inclines backw^ardfl to a point behind the neck of the mandible 
midway between the tip of the niaatoid process and the angle of the jatv, vvhc^^^ 
in the subs^tance of the parotid glsnd^ it divides into the superficiiil temporal and 
maxillitry arteries* It diminishes nipidly in sixe. owing to the number and large 
size of its branches* tn the cliild^ it is a little STtnallcr than the intemaj carotid 
artery' ■ but in the adult, the two vessels arc of nearly equal slze^ At its origin, 
where its pulsations are easily feltp ii is contained within the carotid triangle 
(p* 75a), and lies anterior to und nearer the median plane than the tntemal carotid 
artery ; higher up it is situated lateral to this artery . 

RelationSi^^—Within the carotid triangle the external carotid artery is covered 
by the skin, the superficaal fasda^ the loop bciAveen the cervical branch of the facial 
ncr\'e and ihc transverse (anterior cutaneous) nert'c of the neckp the deep fascia, and 
the anterior margin of the Stemomasiotd ; It Is crossed by the hypoglossal nerve and 
its Vena cr>itiitanSp by the lingual and (common) facial veins and aometimefl by the 
superior thyroid vein. Leaving the carotid triangle it is crossed by the posterior 
belly of the Digastric and the Stylohyoid and then ascends between the latter muscle 
and the posteromedtaJ surface of the parotid gland. Finally^ it enters the glandp 
w'herc it lies deep to the facial ni^rve and the junction of the supcrfidal temporal and 
maxillary veins, llteplyi it is related at first to the wall of the pharymx, the superior 
laryntgeal nei^^e^ and the ascending pharyngeal artery- At a higher level the intemal 
carotid artery is deep to Itt but is separated from it by the styloid process^ the Stylo¬ 
glossus and Stylopharyngcus muscleSp the glossopliaryngeaJ ncr\x, the pharyngeal 
bransdi of the %'agus nerve and a part of Ihe parotid giand (lig. 6d6), 


TitE BRANatES Of TUB EXT^SAL CaSOTID AitTfJftV (figs. 6S4, 689J 
The branches of the external carotid artery arc : 

1. Superior thyroid. 5^ Occipital. 

a, Amnding plmrj ngeal* 6. Pcetcrior auricular. 

3. Lingual^ 7. Superficml temporal* 

4. FadaL 8- MaxUkry. 

r* The supetior thyroid arlety (fig. 6S4) arises from the front of tlie estcmal 
carotid artery just below the level of the greater cornu of the hyoid bone and, 
divides into tcrmliial branches at the apex of the lobe of the gland* 

RelatioftSi—From its origin bencaLh the anterior border of the Stcmomastold 
it runs dowoiwards and forwards in the carotid triangle along the [atentl border of 
die Thyrohyoid^ and is covered by the skin, Platysma and tWria:; it then posses 
under cover dl the Dmoh)'oid, Sternohyoid and Stemoibyroid. To its medi^ side 
aie the Constrictor pharyngis inferior and the external branch of the superior 
bryngcal ncr^'Ci but the ner\^c frequently Ijca on a more posterior pbne. 

Branches.—It distributes twigs to the adjacent muidcs, and branches to the 
thyroid gland ; it anastomoses ivith its fellow of the opposite side, and with the 
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the Rlnrid ftiid ifives bmnches to the lVI>dchyoid and nciffhboiiring iiiusckSj nnd to the 
mucous mcmbnire of the mouth nod One branch runs kiehind the alveolar jwt 

of the mimdlble m the substance of the gum to anastomoac with a similar artery from 
the other aide i annlhcr pierces the Mybhyoid muscle and anostotODses wtl2i the 
flubrnenml branch of the lacitl artery^ 

4. The facial artery (figs. ^89, 694) arises from the front of the external carotid 
artery in the carotid triangle a little higher than the lingual artery, and immediately 
above the greater cornu of the hyoid bmt. Sheltered by the raimis of the mandible^ 


Fio, 6S7.—The tirrfiee rdetTent of wme of the importHrit Btrucfuirts in the fice 

and nech. 



The alind end ju dut». tbe ndvrumUbukr «aJ Ihvrcitd abmU tnd die inec* of 

ttw turvB eri nhwo u TIvb bm mod ihi dijfredd, crinki iJid 

cuTil^ti pn Aiitfttm 111 »Ud bladf ouibiKt. 


it anrhts upwards and lintera a gpoove on the posterior bolder of tht subimndibubr 
gland. It ftm tuns dowawartU and fomards between the gland and the Medial 
pterygoid muede, and, reaching the lower border of the mandible, hooha round it 
at the anterior edge of the Masseter, and enters the face. On the face it 
forwards and upwa^ across the mandible and buccinator muscle ahnost to the angle 
of the mouth where its pulsations can be felt if the substance of the ebeeic be 
grasped lightly between the finger and thumb. It then ascends along the side 
of the nose, and ends at the medial paplebral commissure, where it suppUes 
branches to the lacrimal sac, and anastomoses with the dorsal nasal branch of 
the ophthalmic arterj-. The facial artery is remarkably tortuous: in the neck 
to accommodate itself to the mo%-emeiits of the pharyiw during deglutition, 
and on the face to accommodate itself to the moi’ements of the mandible, lips 
and cheeks. 

Rclaiioos.— /a Utt neek, st its origin, die artery is superficial, being placed under 
cover of the skin, Platysnu, and fiact®, and often is crossed by the hypoglossal nerve. 
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ll Tum lipwirdA Mid forwnrdi, deep cd the Dignstne and Stylohyoid and to [he 
posterior pm of the grubmundihubr gl»nd. At Itrtst on the autf^oc of the Middle 
constrictor of ihe pharynx, k may reach aa high as the Lateral surface of the Stylo^ 
glostsus, and it is then separated from the tonsil only by that muscle end the lingual 
fibres of origin of the Supennr constrictofi Next, it descends to the lower border of 
the mandible, lying in a groove on the Lateral aspect of the submindibular gland. In 

Flo. —A diisectkin of the IeIi half of the tongue from the medbl aJde^ expasing 
the TerniLFul ponjun df the second part und the lixtt portion of the third 
part of the left linguaE artery and the Adjoining structum^ in en cdentuloos 
tubjrcn 
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tht fact, when: its pulxEitiona con be felt as k passes ovxr the base of the mandible, it ia 
compaTad^'cty superficial, lying immediately beneath the PLitysm», In it* course oi^cf 
the face, it is under cover of the skin, the fnt of the dicck, and, near the angle of the 
mouth, the Flaiysiua, Risorius and Zygomaticutt major. It rests on the Buccinaior and 
Lcvntor anguli oris, and passes cither over or through the Levator tabi i superioris. Its 
temiinal parr isemUdded in the fibres of the Le vilor labii supenoris abeque nasi. The 
anterior facial vein lies posterior to the artery, and, taking a more direct coimc across 
the face, i$ at some distance from the artery* At the antendr border of the Mnsseter 
the rwQ veucls are in tonwi j in the neck the vesn ts supcrficbl to the artery. The 
branches of the facial nen'e cross the artery from behind forwards. 
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TJie fticial Mittry supplies the muscles of facial expression and the dssnes of the 
fiftce, the submandibular gland, the tonsil and the soft palate. Its branches arc 
given off m the neck (cervical) and in the face (facial). 

Cervical branches^—The aAceading palatine artery (fig. 694) arises dose to the 
prigin of the facial artexy and passcfs up betw een the Styloglossus and Btylophiuyngeui 
to the side of the phm^x^ along wtiich it ascends betwern the fitiprrior constrictor 
and the Medial pterygoid musclea towards the base of the ahull. Near the Lc^'ntor 
veil paJitini it divides; into two bnnebes : one follows the cotirae of thi^ muscle^ ond^ 
w'inding over the upper border of the Superior conitrieicr, supplies the soft palate. 


FlO. The arteriw af the left aide ef the face* 
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umtiinwiflini; wiih it* fellow of the opposite side md wjth the (treater pslatinc branch 
cif the maxillary artery; the other pierecs the Superior constrictor and suppUea the 
tonsd and the auditory tube, aoaatmmosiitK with the lonaitlar and ascendintt phiTyji(tcal 
arteries. 


The tonsillar artery i* the artrr^' to tSa tatml. SomctiniM derived fram 

the ascending pita tine artery, it ascends bcm-cen the Medial pterygoid and Stylo- 
I'lossu*. and at the Upper ^nler of the latter mitscte, it petforeiK the Swperior 
constrictor tmd nmuties in ihc tonsil Rnd the root of the longue 

The Bismdular bniMhe*. thi« or four lai;^ v«sels. suppl’y the submandibular 
salivary gland and lynip]i glands, the neighbouring iciukIcs and the skin 

'Hie snbinenlal artery, the largest ccn icat brmneh of the facial artery loritifls 
ftom that artery just as H quits the submandihular gland ; it tuns forwards ud™ the 
MyiohyOfd (fig. 68 *)), below the body of the mandible, [t supplies the snrimj^na 
inusetea, and annatomous with the Hiblitiguat brunch of the linaual arterv an if utbk 
the mrlohyoid branch of the tnferidr nlvcoliiy arter; at the chin h turns upwards over 
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chc banc of tht itiaf^dibic and divider Into $upt:rric:iul and deep branchta i^hcch 
flfiastomck^e with the inferior hihml and mental arteries aupplyln^ the chin and timer 

lip. 

FdcM branches.—The ioTpHor labial ancr^r (ff^. 6%) arises nKar the niurtc of 
the mouth; it passes upwarda and forwards under cover of die (depressor annuli 
oris nndf penc^tin^ the Orbicularis oris, runa in □ tortuous course near the edge 
of the lower lip between this muielc and the mucoLts mcmbrjuie. It supplies the 
glands p mucoti:$ tneiribrane and muscles of the lower Up and ansKtoTiioses wdth 
the artery of the opposltD aide, and with the mental bnitieh of the inferitu- alveolar 
artery. 

'liic superior labial artery (fig, is laretr itnd more tortuous than the inferior. 
It follows n similar course near the edge of the upper lip, lying between the mucoua 
membrane and the Orbicularis oris, and ana»temofeca with the artery of the opposite 
aide. It supplies the upper lip, and ijjves off a srpta! which ram ides on the 

lower iind fmni part of the nasal septum^ and an ^r^rndt, which supplies the aJa of 
the nnsc. 

The lateral na^l brjuicb (fig. 6Sf>) is derived from the facial artery as that vessel 
ascends along the side of the nose. It supplies the da ami dorsum of thi no^, anasto¬ 
mosing with its fellow, with the aeptal and alar bnuiches of the superbr IsbkJ artery, 
with the dorsal umoI branch of the ophthalmic nrlcryj and with the infra-orbita] 
biiailch of the maxillary artery. 

"Fhc nnnitomoKS of the facial arteiy are very numeroua> not only with rhe branches 
of the vessel of the opposite side, but, m the werJt, with rhe fublingual bmneh of the 
lingual, u^Jth the ucending pharyngeal and widi the palatine brunch of the mamillary ; 
07 } tAr/flce, with the mental branch of the inferior alveolar, the transverse faciat hrandi 
of the superficial tcmponal, the infm-orbital branch of the maxillary and the doraal 
nasal bnuich of the ophthalmic artery. 

Ptciiliantietr^Yhe fadd artery not infrequently a rises in cooiimnn with ihc lingual 
artcr>' consututing the /fnjufl/i7inr^ trjmk. It varies in siy.c, and in the extent to which 
It supplies the face; it uccfl^ioniilly ends by forming the submental artery, tmd not 
Infrequently extends only as high as the ansk of the mouth or nu^. The delkrienci- 
ia then compensated by enlargemtmt of one of the neighbi>urinjg arteries. 

5. The occipital arteiy (fig. 690) arises from the posterior aspect of the external 
carotid sintrry, opp^itc to the facid artery, and running at fim on the deep 
surface of the posterior btliy of the DigiistriCt enda in the p<isi trior part of the scalp. 

Relations,^ —Clr^ to its origin, ii h usually erpssed by the hjppngkissd nerve, 
which winds niund it friwri behind forwards, lire arter>' passes backwards and 
upwards deep to the hmer bender of the pottcriiiT belly of the iJignstric, crossing in 
its course the inicroal carotid attcry, the internal jugular vein, and the hypaglooiiai^ 
vagus and uccessoty' ncrvies (fig, 6^). Reaching the inten-Bl between the trans- 
veree process of the atlas uid the tnasmid procc^ of the tempord bone, it comes into 
cantHct with the luieniJ border of the Recttia capitis laicialis. It then nuis in the 
octipitd groove on the temporal bone, and here is covered by the niastoid process and 
the attachmenia ID it of the Siemomastoid, Spknius capitis* Longissimus capfus and 
Digastric, and lies suecessivdy nn the Rectus capitis lateralis, Ohiiquus superioi- and 
Semispinalis capiiit. Findly^ ri Turns uptvardx and piercer the fascia connecting the 
Cranial attachment of the Trapexius with the Sieniomastoidi and ascends In a tortuous 
course in the supc^ciul fascia of the scalp, where it divides inio numerous branches^ 
"I’hc terminal pc>rciim of the occipiial artery is accutnpHnied by the greuTcr uccipitsi 

The follDwing branches arise from diq occipital tntcry : 

llic aternomastoid branches are usually two in number. The /wcer hrandt 
g^erally arises from the beginning of the occipital artery, but some times springs 
directly from the cXTermil carotid artery, li pa^st-s downwards and l;ackwards over the 
bypogtosAal nerve and the internal Jugular vein, and enters the substaiiE:^ of the Stemo- 
mnsfoid ■ it anastomoses w ith the sternomD^totd branch of the superior thyroid artery, 
llic upper hrmteh arises from the occipital artery as it crosses ihir accese^^ry nene* and 
runs downwards and backwardu superficisl to the internal Jugular vein. Ic enters die 
deep surface of the Siemotruistoid in company with the acct$soTy nen^e. 

The mastoid branchy lamall in size and some rimes absent, enters the cranial cavity 
through the mastoid foramen ; it gives branches to the niastoid air-cells and the dura 
mater, and anastomoses with the middle menlngtnl iirter>'. 

The auricular branch supplies the back of the auricle and anasiDino5«s with the 
posterior auricular ajrtery% 

Muscular branches art supplied to the DigastriOn Stylohyoid. Splcnius and 
l>ungissimua capitis. 
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Th« descendiii|£ braiich 0^.690) ai-isen from the w:Cipitiil arcery as the lutter 
lies ITU ihc Obliquuj! superior* and divides into supertieiiil und deep hrafichr?^. The 
superficml branch pasifcs deep la the Splcjiius, and anastomoses %viih the superhcial 
branch of the transverse ctmszal mnerj' ; the iieep branch dcM?cnds between the Bcmi- 
«pLmdcs capitis ct ccrviiriap and mBstomofiea with the vertebral artery, and with the 
deep cervical arter>\ a branch of the corstaccrvical trunk &04) 

llic meitiAgcaJ branches enter the skull thmUgh ihc juj?ular foimmen and the 
condylar canah to supply ihe ditrH mater in the f^tertor fossa. 

'Hie occipital branches, which arc the terminal bnincht^i arc distributed to the 
scalp* and teach su hi|th as the vertex of the skull i they are very tomiotis, and Ue 
between the skin and the occipital belly csf Occipitofrontalis, AnimcrrrLqsitiif with the 
artery of the appetite side and with die posterior auricular and temporal arteries* and 
supplying the occipital belly of Oe-ripitofrooEaliSt the skin and the pericnmlum. One 
of the terminal branches may give off a meningeal twig, which parses through the 
parietal foramen. 

6. Tile posterior auricular artery (bg. 6S9) b small and arises from the 
posterior aurf^icc of the external carotid artcr\' immediately above the Digastric and 


Ftc, &90,—a drawing of i iliHccikm to shew the course of the ocdpitil artery. 





rrBH^, 

/Hftrnai jwffwAff/ 


Inifmal cuMmC luitTV 


arfnn 


Stylohyoid, It ascends, tinder cov'er of the parotid gland, on the styloid prtKCSS of 
the temporal bone, to the groove tween the cacti lage of the auricle and the mastoid 
process^ where ii divide mto aurkiikr and oedpit^ branches. 

As well BS supplying small branches to the Digastric* Stylohyciid, Slerfiuttustnid, 
and pare rid gUnd, this vessel gives off additionfll branches ; 

The stylomastoid artery cnleri the stylomastoid foramen, anti supplies the 
tympanie cadty* the tnasinid iintrum, the rntbstnid air-celLi and the somidrcular 
tsiuils. In the young aubject u branch from this vessel (termed the posimm- sympamr 
artrry) forms, mth the anterior lyinpanic anery from tS^ raaxillaty, a vascular drclc 
which surrounds the tympanicmembnme, nod ^upplies^all ve:^]s to Itg deep surface. 

ilie auricwlar branch ascends under cover of the Auricularis posterior, and 
nntitfies on the cniniil surface of the auricle : mme uf its branches pierce the auricle, 
and others curve mund its margin ta supply lb kieral surface. 

*rhc occipital branch pavM* bteralty across the finnt of the mastoid process and 
then backwards over the StemOmastoid to the i>ccipital belly of the OedpirofmntidU 
muscle and to the itoilp above and behind the ear ; it snastamose^ with tlie occipital 
artery, 

7. The sufMarfictal tempai^) wtery 6«4), Oie sfnaUcr xenniril branch of 
the cjttcnuil amt id artery, begma in the parniid gland, behind the n«k of the mon* 
dible, and crosses over the posterior root of the ssygomatic process of the tcninoral 
lione: about s cm. above this process it di%-i{ii» into antertor and posterior branches. 
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ReldtiDDfi.^—As it crosses the f^mecssg it is coverixi by ilic Aun'iiijluns 

HJiterior ; it is crossed Ln The subslartce of the parotid gland hy the temporal and 
tygamadr branctm of the factal nerec, and h secoropimlcd in the scalp by the 
L^Dtrespondiiig veins md bv the aurieuEatmiporil nerve^ which lies iniinedidiety 
behind 

It fiupplies some tvirj^ tu the panuLtd ^|qnd:» the mandibutar joint and the Mas^cter, 
and gives olf certain ticmted branches : 

'l^e trajQjverse facial artery bS^) urises from the supethctal leinporal artety 

before that vessel quits the parotid gland \ it runs forwards through the substance of 
the glands paasrs acetm the Masse!cr between the parntid duct and the zygomatic 
arvli, accompanied by one or ttvo branches of the facial nerv'e. Ii divides into 
numerous hranehes, which supply the pan>rid gland and duct, the Ma^^uter, and the 
skin^ and anastomose with the facial niaHaetprit!, buccal, fltid infra-orbital artcj-ics, 

Tlie auricular branches arc distributed to the Lobule Find anterior portion of the 
auricle^ and tu the externa] auditory mcatufl. 

Xhe zygotnatic: artery^ sumeiinies u branch of the middle lemporaE artery, runs 
alcng the upper border of the zygoniahc arch between the two layers nf the temporal 
fascia to the Lateral angle of the orbit. It supplies branches to the OrbicuLaris oculi, 
and anaatomipsea widi the kcrimal and palpebral branches of the ophthalmic artery^ 

The middle temporal artery arises immediately above the zygomatic arch, and^ 
perforating the lempoiaJ fascia, |p\ica bronrhea to the Temporalis ; it aiuistdmuaa wldi 
the deep icmpond branches of the maxillary artcr>% 

Tlic frontal (anEerior) branch runs turtuously upiviirds and forwards towards 
the fronial tuber l il supplier the muscles^ skin and pericranium in this region, and 
anastomoses with tea fellow of the oppoBite side* and with the supnt-nrhiral and supra- 
trocblcaE- arteries. 

ITie parfeial (posterior) branch, larger than the preceding vessel, ctirves up- 
ivards and back'^varJs on the side of the hcadp lyinif ‘iupcrhcjal to the tcmpnmt farcin, 
and anastomosing with its fellow of the opposiie side, and with the posterior atiriculBr 
and occipital artcriei^ 

Appiitif Atiaiomy .—As the supcdicial temporal jnery cruises the zygumatid 
proca&s It lies beneath the skin and fascia, and its pulsations may be readily felt during 
the administration of an nnxsthetic^ or in circumsuuices where the radial pulse ijs not 
available ; it may be compressed cosily egaiiui the bone in order to check bleeding 
from the temporal region of the scalps It should be noted that this vessel and the other 
arteries to the a^lp enter from below and are w'rll protecticd by dense tissuCr It £i 
rarely found that they arr all implicated in scalpinu; injuries and their anastomoses arc 
so free that so long as oiie in intact the detBched scalp may bo rep faced with reasonable 
hope of ita suivdvat VMien ■ flap is raised from this part of the head^ for emniocomy^ 
the incision should be shaped liki a horsL^ht^c, with its convexity upwards, so that the 
Bap shall contain the superBdal temporal arteryv which ciuurTs a sufficient i^upply of 
blood. 

8 . The majcillary artery (fig. 6^ rthe large r temiiiuil bnuich of the external 
carotid artery, arises behind the neck of tficttiandihteaiid k ot first imbedded in the 
parotid gland ; it passes forwards bclwccti the Jiccfc of the mandible and the apheno- 
mandibular ligament, and then running cither superficial or deep to the lower head 
of the Lateral ptery goid, enters the plen^gnpalnine fossa between the two heads of 
that muscle, U niay be divided ifito mandibular, pterygoid and pterygopalatine 
portions. 

The first or maTtJibuhr poriion paivSi;$ hurkontully lorwTirds, bctwi™ the neck of 
the mandible and the aphcnoauiiidibular iigoment, where it lies pzifallel with and 3 
link below' the auriculotcmponil nerve ; it cru?AC± the inferioralvtJoLarnerve, and runs 
along the lower border of tlw Lateral ptcwgoid. 

The serond or pfrrygaid porfiVff runs obliquely fonvords and upwnrdi under cover 
of the 'feinpijraL inuuk, and superficial to the lower head of the T^leral pterygoid 
muscle ; very^ frequently it lica deep to the latter, t>cm«n tt and the branches of the 
mandibular ner^-v, and m this case, before cnTcrSng on the third part of its coursen 
often fcirtn* a wide loop which proji?cis liiTerally bem-ctm the two beadj of the t-atcral 
pterygoid muscle. 

The third or pttryg&pahfiitf pariiint po^es bei\^xiMi the upper and lower licads 
of the Lateral pleryKoid musek, and through the pteiy^gnmosillars' fbjsurc inio the 
ptctygopfllarinc fossa, where it lies in from of the ptErygopaloline ganglion. 

The maxillary artery is distributed to the upper and Lower the musdes of 
mastication, the palate^ nose and the enmial dura mater. Its branches may hc 
dividrd into three groups, comespondJnp wlxh its three portions. 
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Thtf deep siuTictdar artery, a smaJl branch, nften arises in common ivith ttu? 
Anterior tympanic^ It ascends in ihc substance of iKe parotid gland, behmei tJie 
nmniiihular joint, pierces the csrtilagtnoufl or bony wall of the cKtcmal auditory 
meatus, and supplin its cuticuiar lining and the outer surface of the tympanic mem- 
branc ; it gives a branch to the mandlbulnr Joint. 

liie anterior tympanic artery^ a smati branch, ascends behind the mandibular 
joint, and enters the tj-mpBrnic cavity through the petrot>Tnpfinic b&surc ; it mmiBti 
upon the tympanic membrane, and fomns a v ascular circle arnund it with the p4>sierior 
tympanic bnincb of the st>'lomastoid artery ; it anriscomoses with amoU brariches of 
the larttry of the ptery^gnid canal ind of the caratjcotympanic branch from the intcrrwl 
carotid artery^ in the lympantc cavity. 

The middle meningeal artery is the Largest of the m-cningcai arteries. It 
oacends beween the sphenomandihular ligament and the Lateral piery'^goid muscle, 
and, passing between the two roots of the auriculotemporal nerve, may He on the 
latcml surlactr of the Tensor veli palatini just before it enlers the cnuiLat cavity 
through the foramen spinosum of the aphrurjid htme; it then runs fon^Tirds and 
laterally for a variable distance in a groove on the anterior part of the stguamous part 
of the temporal bone^ and divides into an anterior and a posterior hranchp Vhc 
ffititrri^ triiFtch, the larger, emssca the greater Vk ing of the spheuoid bone, reaches 
the gixxivc,, Of canal, in the sphenoidal angle of the parietal bone, and then divides 
into branches which spread out between the dursi mater and intemad surface of the 
cranium^ some passing upwards as far as the vertex, and others backwards to the 
occipital region. One branch runs upwards, grooving the parietaJ bone about 
1-5 cm. l^htnd the conjnud sulute. Tt corresponds, tn a geuerd way, to the line of 
the precentral sulcus of the brain. The poiiirtor branch curves bachwardR on the 
squamous pan of the temporal bonCt reaching the low^cr border of the parietal 
bone some distance In front of its mastotd angle, divides into branches 
which supply the posterior part of the dura mater and cranium. The branches of 
the middle meningeal amry anastomose with the arteries of the oppoaiie side, and 
with the anterior and posterior meningeal arteries, 

llic middle meningeal artery gives oif the folluw Eng branchci w^ithin the cranial 
cavity ; 1. Numerous small bnmehas supply the fiemilunar trant^lian nnd the 

foots of the rnftem inal nrn'c, a- A ri/pfi^nd/ bmnrh tuteni the hmius for the 

gfcnter petttMal nerve, gives Twigs to the fcLciuJ nerve and the tympanic cavity, and 
an[rsiomase!a vvith the sTylomastriEd bnmeh of the posterior auricular artery, 3, A 
itiprrim^ tympamc atirty runs in the canal for the Tensor tympanic and supplies this 
muscle nnd the lining membrane of the canal. 4. Teniparal bramkrt pass through 
minute foramiufl in the grtaicr wir^of the sphenoid, sud anastotnosc in the temporal 
foasa with the deep temporal arteries. 5, An orbiiat branch (p, 169) runs fnnvards and 
enters the orbit throagh the laienil part of the superior orbital fissure. It anastomoses 
with s recurrent meningeal branch of the kcriinal sjTety, and an enlargement of this 
tmaatomnsis explains the occasionial origin of the lacrimal from the middle nveuingesl 
HltCTy. 

Surfaac Amtomy (fiif. 754K—The middle mtmtnj^rai tincry enters the skull a little in 
front of the pre-auricuJar point and divide* opposite a ixjint 3 cm. above the middle 
Ilf dve Kj'ijomativ arch, l-moi tliis situation the anterior branch runs firm upwards and 
slightly ftkrwBrtls to ihe pKrion nnd then turns upwards and hEickw'ards towards the 
mid-point l>eTW-«n the inion and the nasicin- pusrerinr division ruEis upwards 

and ^biic:k w ards low aids the lambda. 

AppUrd .Irrotpwv—The middle mcningeaJ artery' ia of considctiLbie surgical 
importance, aa it rnay be tom in fractures of rhe temporal region of ihc skull, or, indeed, 
by injuries causinit separation of the chira matet frojn the bone without fracture- 
The injury may be followed by constdarablc IwtnorrhaKe between the bone and dum 
meter, which produces symptoms of compression of the brain, and requires trephining 
for its relief. As rhe compression implicates the motor region of the cones, paralysis 
on the opposite aide of the body forms the pmminent a>rmptom of ihc lealon. 

ITe accessory meningeal branch may arise from the maxillary artery or froni 
the middle meningeal a tiers'. It epteni the cranial cavity through the fommcil ovale, 
and supplies hnincLics to the scmtluHiir ganglion and tlsc dura niater. 


THE MAXILLARY AriTRY 


749 

The inferiar alveolar (detttal) art cry defends ixisicrior to the inferior alveolar 
ner%‘e to the mandjbtilar R>mmcn on the medkl surface of the ramu$ of the mandible^ 
In this pan of its course the anciy lies between the bone on the lateral sidc^ and 
the sphenomandibiibr ligaineni Od^thc modiaJ side. Before it enters the mandibular 
foramen^ it givea off a mylohymd branch ^ which pierocs the sphenomandibular 
ment, and descends with the mylohyoid nerve in the mylohyoid groove on the 
ramus of the mandible; tt ramifica on the supcrhdal surface of the Mylohyoid 
muscle and anastomoses with the 3ubinenri]l branch of the facial artery. The inferior 
alveolar artery then mns in the mandibular canah accompanied by the inferior 
alveolar ner\'e^ and. oppoaiic the first premolar tooth, divides into two branches, 

Fic. 6 gii.—ITio njEbt imauilicy' (inicmEd mwlbry] urtrjy, 
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incisor and mental. Tfie rnrTW branch is continued forwards below the incisor 
teeth as far ^ the itiedian plane, where it anastomi^fcs with the arter\' of the opposite 
side. Within the canal the inferior alveolar artet)' and its incisor branch give off a 
few twigs to tise nraodibic, and a series of branch^ which corresponid in number to 
the roots of the iteih ; these enter the minute apertures at the estreniities of the 
r(3ots, and supply the pulp of ihc teeth. ITic mririai hr.inch escapes at the mental 
foramen, supplies the chin, and inasionioscs with the ^bmentaJ and inferior labial 
arteries. Near its origin the inferior alveolar arteiy' ^ves off a iinguai hmneb, which 
descends with the lingual nenx and helps to supply the mucous membrane of the 
mouth. 


Th5 Branches of Ttre Beconu (or Ptehywio) PofmoN of the 
Maxiij.ahv Artehy (fig. 691) 

The deep temporal branches^ an anterior and a posterior* ascend between the 
Temporalis and the pericranium ; they supply the muscle* jtnd Hnastomose with the 
middle temporal artery ; the anterior communicates with the Ijitrimsl artery by meann 
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of sriiaJI branches which pcrrbfiiTc the T> B«Rmtic bone and greater wing of the sphenoid 

The pterygoid faraficheai jiregulor tn their nunibtT and ongin^ supply the 

Prcr>'Koid muscled. i,- a 

masMteric jirierv h aniaSI and pai^^a with the rorrrsponding n^tve behind 
iht tHEJidoii of the Temporal is. and ihmugh the mandibular notch to the deep sutfwce 
of the MaswTer. In the aubitimee of that tnuscle it anastomusefi with the tnasscicrk 
branched of the hiciol and witli branches of the tranaverse facial artcry% 

The buccal artery is small and runs obliquely formirds with the buccal ncrv-c, 
between the Medial ptcfygtiitl and the insertion of the IVmporal muscle, m the ijuter 
surface of the Bumnutor, tn which it is dislribiucd, anaiiomoaing with btanches of the 
facial mtd infra-orbital onxiies- 


Till Bhanches of the Third inp fTiRYDOPALATiNF) PoftnoN of the 
Ma3^illarv AflrrERV 

The postoHor auporior alveolar (dcataLl artery h given off from the maxillary" 
artery as that vessel cmcr» the pteiygopahitine fossa. Ekseending upon the infra¬ 
temporal flutface of the moKilla, it divider into branches, some of whicfi enter the 
aJv eoJar canals, tind supply the molar and prcmolar teeth umJ the lining of the maxillary 
liiius, while others are continued fnnvanis on the tlveolor process to supply the icvum. 

TTic iufra-orbital SrtCry often arises in eonjuntrion with the postcriof superior 
alveobr artery. It enters the orbital cai% jiy through the posterior part of the inferior 
orbital fissunr, nins along the infra-orbital groavx and cnnal with tlw infra-orbital 
nerve, and emerges with the nerve on the face through the infra-orbital fonuneriH deep 
to tlie Levator Labii superiom* Whilst In the canaL it gives off (ri) orfiiiaf branches ^ 
which assist tn supplying the Rectus inferior, the Clbliquus inferiar atid the iaerbiuij 
HoCt and (ft) fmifri&r wprrjor a/tWor (d-tfn£ai) branches^ which descend through the 
anterior alveolar canaU to supply the upper incisor and cumne teeth and the mucous 
membrane of the maxlUaiy ainuil. On the faccp some branches Ascettd to the medial 
angle of the eye and the lamimal sacp anastomosing vrith the terminal branches of the 
facial artery ; "others run towards the nn$c, imjisTQRiosing widi the dorsal nasal branch 
of the qphthdime artery * and otliersdescend between the Levator kbii superiom and 
the l^cvator utgtili oris, and anastomose with the facial, tmnsverse facial and buccal 
artcHea. 

The temaining branches of the moxilliiiy' ortcry arbe from that pardon of the 
artery which is conrained in ihc pieiygopslatine fossa. 

The greater palatine artery descends through the greater paktme caoid with the 
greater palatine nerve from the sphcnopalotine ganellonn and gives off twn or three 
Uurr piiiatma which are transmitted through the lesser palatine canals to 

supply the soft palate and tonsil, and to ofiiLBtoinDBt with the ascending palatine arte ry+ 
The greater palatine artety emerges on the oral surface of llire palate thmugh the greater 
palatine fonffuen^ runs forwards, in a groove near the alveolar border of the hard 
palate, to the ificiBi%^ canaj ; its teiminal part passes upwards thmugh this canal, and 
anasifimoses with a branch of the sphenopalaiioc artery^ Bnuichea are distributed to 
the gums, the paJafinc Klanda and the mucous Tnembrane of the roof of mouths 
'llie pharyngeal branch ra very small : it runs backw'ards dirough the pliai^ ngeal 
canal with the photyrngesl bmudi of the ptetygopalntinc ganglion, and 15 distributed 
to the mof of the nose and pharynx, to the sphenoidal oLr-stnus and the auditory tube. 

The arltry of the pterygoid canal, frequently a branch of the greater palatine 
arteryN passes bacNw^ards along the pteiygoid canal with rhr corresponding nerve. It 
is dJatributed to the upper part of the phatynx and to the auditory mhe, and 
sends a small branch into the tympanic cavity*. 

llic pharyngeal branch is mediah and the Artery of the pterygoid canal lateral, to 
the prciyTTopalatmc ganglion, while the trunk of the tnnxiTlary artery is in front of ft, 
iiic sphenopalatine artery is reolly ihc terminal port of the maxillary artery ; it 
passes through the sphcnopolatific foramiui inio the cavity of the nose at the posterior 
part of cite superior meatus. Here it gives off its pciteriar html tmsai branches, 
which ramify over the cnndvt sod meaiu$es, onaslomosc with the ethmoidal arteries 
und the noral branches of the greater palatine artery* and assist in supplying rhe fruntal, 
mnxiltory, ctbrnoidal ^d sphcnostlal sitiosea. Crossing the anterior part nf the under 
ffurface of the sphenoid bone^ ihe sphtnopaktinc artery ends on the nasal septum bs 
the pattiri&r rrptal branches, which anastninosc with the ethmoidjU artcriei ■ one 
branch descends in a groove on the vomer to die incisive canal and anastomoses with 
the tcroiinal ascending branch of the greater palatini? artery, and with the sept^ 
branch of the superior labial artery. 

C< 4 hUr^tIChmiiitfan—MXiT ligature of the cisnunon carotid, the colktcraj drcula- 
tjpTi can he perfectly established by the free communication which estista bemten the 
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carotid arterica of opposi te sidcAi both outaide and inside the cranium. And by cnki^- 
mem of die brandacs of the subdavian artciy- The chief cotniniifucatiooB outside the 
sJcJuR take plACe between the auperioe and infenor thyroid artenes^ tnd between the 
deep cervical and descending branch of the occipital ; the vcttcbral takes the place of 
the internal caiDtid tvjthin the craniinn. 

Wounds of the common carotid should be treated by suture whenever possible^ 
becfltisep after ligature of the vesseJ, vjTnptamB of cerebral dbturbance supervene in 
about twenty-Hve per ctmb of 

After ligature of the extemid carotid artery the circuktion is rc-estahlishcd by the 
free communication between mo« of the krge branches of the artery (facisd^ lineal, 
superior thyroidi occipital) and the corresponding arteries of the opposite sidei and by 
the anastomosis of its branches with those of t)^ internal carotid artery'p and of the 
ocdpital Alters' ''^th bnmehes of the subclAvian^ etc. 


I'nE Tit JANGLE OF THE NeCK (fig. 692) 


The side of the neck presents a ^mewhat quadribteral outlincp Litnitcd above 
by the base of the mandible, and a line drawn from the angle of the mandible to 


Fic, 692.— I'he triangles of ibc bccIel 





the mastoid process ; below^ by the upper border of the dancle \ in fmntp by the 
anterior median line of the neck ; behind, by the anterior margin of the Trapezius. 
This space is subdivided by the Stemomastoid muficle, which passes obliquely 
across the neck, from the sternum and davicte bdow^, to the mBStoid process and 
occipital bone abov'e. The area io front of ihb muscle la called die ant^i&r rnan^fe 
of the neck \ that behind it, the pmtffiifr 


The Awtejuor Tjwaxgle of the Neck (figs. 692, 693) 


The anterior triangle of the neck is bounded anterioriy by the anterior median 
line of the neck, posteriorly, by the anterior margiii of the Stemomostoid j its base, 
directed upwardst h formed by the base of the mandible, and a line fmm the 
angle of the mandible to die mastoid process; its apese is below, at the atemum. 
I'fiia triangle may be aubdivadcd into muscular, carotid, digastric and submental 
triangles. 

The muscular triangle is bounded, in front, by the median line of the neck 
from the hyoid hone to the slcmum \ behind and beW, by the anterior imu^in of 
the Stemomastoid ; behind and above, by the superior belly of the Omohyoid. 
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The carotfd triangle Is limited, behindp by the Stemomaatoid ; iii frdnt and 
bcbWp by tlie superior belly of the Omohyoid \ and abovcp by the Stylohyoid and 
ihc posterior belly of the Digastric, 

h ts covcttKl by the skin^ auperiiejal fudi, and deep fascia, ramifying in 

which arc brsndies of the fBcinJ and the eutnncQu? ccrvknl tierv^es. Its floor is formed 
by pana of ibr Thyrohyoid^ Hyo^Josnus* aisd die Inferior and Middle canstrictor 
nmscles of ihc pharynx. When thia Space is -dissected ft is seen to contain the upper 
part pf the cntnrrinti canntid nncr>% which divide^ t^posite the superior border of the 
thyroid oirtilape into the ortcmol and internal carotid arteries. These vessels are 
overlapped by the anterior margin of the Stemomastoid^ 'rbc external and internal 
raroiid arteries lie aide by side, the cxtcmnL being the more anterior. Tfie following 
branches of the extemal carotid artery are also encountered : the superior thyroid p 
rurming forwiinis and davrnwarcLs ; the linguah forwanis wjth On upw'qrd loop ; the 
fsciah fonvRrds and upwards ; the occipital, upwards and bsekwards ; and the ascend¬ 
ing phary^ngeol^ directly upwards on the medial Bitlc of the intemsi carotid. The veins 
encountered are those correspondinif to the above-mentiorted brunchefi of the extcrnstl 
carotid artery—viz. the superiur thyroid, the lingual,i common facial ascending 
pharyngeal, anti sometimes the occipital—all of which end in the miermi Jugular vein. 
The hypoglosss.) nerve crosses both the iftternal and external carotid lireries^ curving 
round the origin of the lower Scemomoslofd bnineh of the occipital artery ; in ^Is posi ¬ 
tion it give* off the superior mmus of the anSa cervit;alh, and the small nerve runs 
down in the anieriot wall of the carotid sheath. On the medial side of the cxiemnl 
carotid artery, Ijclnw ibc hyoid bone, is th-e internal loiyngeMl nerve ; ami, still more 
iIlfern:^^ly^ the external laryTigeal netv'e. 

It should he noted that many important structures in this region, auch as the 
internal jugular vein, die vagus nen c, ct^K, lie entirely under cover of the Steino- 
mast-ald nmscic and aro dioreforc cxcludcJ from the iriauglc^ 

The di^ascHc triangle is bounded^ above^ by the base of the mandible and 
a line drawTi from its an^lc to the mastoid process; below^ wid behind, by 
the posterior belly of the Digastric and the Stylohyoid ^ below and in front* by t]*e 
anterior belly of the Digastric* 

It U cot'i^ftd by llte skin. superBctol foseia, PlatysmA and deep fascia, nmirfylne in 
which are branchci of the facial and anterior cutaneous cervical nerves. Ira Boor is 
formed hy the Mylohyoid and Hyoglos^ua itiulclcs. It is divided snio eii anterior and 
m posterior part bv die stylomandibular iigamii^nt. The anterior part c^intnfni llie 
submandibular glimd, superflciBJ to which is the {antcripr) facial vein* while deep to 
it is the facial artery-* which crosses the Jenver border of the mandible at the anterior 
edge of the MBSseter; gn the surface of the Mylohyoid are the Submental artery 
and the myloh^-oid artery and njcne. The posterior pan of this triangle contains 
the lower part of the parotid gland ; the external carotid Eirtery, having passed deep 
10 the Stylohyoid, cur\'ci over the upper border of the tuiisde so as to o^'crlap to 
some extent its superficial surface where it B^cends deep to the parotid gland before 
entering Its iubstsincc \ In thi* triangle the external carotid artery lies supcrBcial to the 
internal carotid and crosses lateral to it ; inorf: deeply placed, and separated from the 
external carotid artery by the Styloglossus^, the Stylophiryngeus and the glixsro- 
pharyngeal nen-e* are the internal carotid artery, the irLtemal jugular vein and the 
vagus nerve. 

The ftubmcnial triangle is limited on each «dc by the anterior bellv of the 
Digastric; m apex is at the mandible; its base Ib formed by the body of the hyoid 
bone, and tte^ floor by the ^lylohyold muscles. It corLiaLns one or two lymph nodes 
and some auml] veins t the latter unite to form the anicrior juguLof vcin+ 


Tut Ftirraucift TmMt^GLE of tiii Neck [hg. 

The posterior trinngle of die neck is bounded, Ln from, by the Stemomastoid ; 
behind, by the anterior margin of the Trapeziu*; its base is formed by the middle 
one-third of the clavicle ^ its ipcx k at the occipital bone between the atiachments 
of the Stcrnoniasioid and the TmpciiiiS. The triangle Ia crossed, abtmt 2-5 cm 
above the clayick, bv the inferior belly of the Omohyoid, which divides the tragic 
imo an occipital and a supraclavicular trianglen 

The occipital triangle, the upper and larger division of the posiericr triangle 
b bounded in front by the Siemomasloid i behind* hy the 'Fraperius; below, by 
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the Omohyoid. Its floor is formi^ from above downwanfe by the Splrnlus 
Levator sjcapul^, sind the Scaicni mcditts el posEcrior i Rometimea a ainall part of 
the Scmisplnalia cipitia is seen at the apex of the triangle. It ia covered by the shin, 
the superticid and deep fiiscls, and below by the Platysma. The accessory nerve 
pierces the Stemomastold and courses on the I-evator scapuhe oblcqucly aizross the 
space to reach ihe under surface of the Trapezius i the culaneoua and muscular 


Fig . a disMccion of itie enttnor triingEv of the loft itdc of ihc neck. 

Tfae tnuicit hu been divided transversely ; Iti upper put hoi been 

turned upward^ on to the rice^ exposing its 4ixp turfiee : its lower part h&i been 
turned bsdmrpids, ojqwsing both hnda nf the Stemornaiioid muscle. 
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branches of the cemcal plexus appear at the posterior border of the Bicroomastoid ; 
below, the supraclavicukr nerves and the transverse cervical vessels and the upper 
part of the brachial plexus cross the space* A chain of lymph nodes la also found 
running along the posterior border of the Stemomastoid, frofn the mastoid process 
to the root of the neck. 

The aupmclavicular triangle, the lower and smaller division of the posterior 
triangle, is bounded, abovep by the inferior belly of the Omohyoid; below, by the 
clavicle; its base ia formed by the lower part of the posterior border of the Stemo- 
mastoid. Its floor consists oAhe first rib, the inserrion of the Scalenus medius and 
the first digitatinn of the Serratus anteridr. The siae of this triangle varies with the 
extent of attachment of the clavioilar portions of the Stemomastoid and Trapezius, 
and also with the level ai w^hich the inferior beUy of the Omohyoid emsses the neck ; 
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ihjs Jcvnl is lowiirud when, the arm is misedp and rabed when the arm is depressed. 
The triengJe is covered by the skin^ tlie superficial and deep fascia^, and ihe 
Platyamap and crossed by the supraclavicular nerv'es* Just above the level of the 
clavicle^ the third portion of tJie subdavian arter)' cun'es latenilly and downiA-ardn 
from the late nil margin of die Scalenus anterior, across the first lib, to the asilb. 
The subclavian vein lies behind the davicle^ and ts not usually seen In this space ; 
but in some cases it rises as high as the artery^ and has even been seen to accompany 
that vessel behind the Scalenus anterior. The brachia] p 1 e?fua of nerv^ lies partly 
above and partly behind the artery, and in close contact with it. The suprascapular 
vessels pass transversely behind the clavictc and are not, strictly speaking, in the 
triangle; and running in the some direction, but at a slightly higher level, are the 
transverse cervical artery and vein, llie estemaJ jugular vein descends behind the 
posterior border of the Stcmomasioidt to tciminate in the subclavian vein i it 
receives the transverse cervical and suprascapular veins, which fornt a plexus in 
front of the third part of the subclavian artery^, and occasionidly it is joined by a 
small vein which crosses the clavHcle from the cephalic veion 'Fhe small nerv'c to the 
Subclavius also crosses this triangle about its middle, and some lymph noili^s are 
contained within the space* 

The iNTtiftNAL Carotid Ajitsiv 

The internaJ carotid artery' {fig, 694) supplies the greater pun of the cerebral 
hemispheire, the eye and itsaccessory organs, and sends branches to the forehead and 
nose, [t begins at the bifurcation of the common carotid artery^ where it usually 
presents a IrKaliscd dilatation, termed the camtid sinus (p. It ascends to the 
base of the stulK and enters the cranid cavity thrnugh the carotid canal of the 
temporal bone. It then runs foru'ard ibrough the cavernous sinus, lying in tlie 
carotid groove on the side of the body of the sphenoid hone, and ends below 
the anterior perforated substance of the brain by dividing into the anterior and 
the middle cerebral arteries. 

The internal carotid artery may acoorditlgly be divided into four portions; 
ccmcal, petriitis^ cavernous and cerebral. 

The cervical portion.—This portion of the internal carotid artery' begins at the 
bifurcation of the common carotid arierj, at the upper border of the thvroid car¬ 
tilage, and ascends in front of the transverse processes of the upper three ceWical ver¬ 
tebra: to gain the lower end of the carotid canal in the petrous portion of the temporal 
bone. It is comparatively Euperfidai at its commencemtnt, where it is contained 
in the carotid triangle, but after passing deep to the posterior belly of the Digastric 
muscle it lira on a much deeper plane* It presents important relations with the 
internat jugufar the nmx and the ixlemul faretid iirtfry. Except at the 
ba^ of the skull, the inictnal jugular vein and ihc vagsis nerve He on iia lateral side ; 
tlie externa] carotid artery h at first anterior and medial to the internal carotid but 
on leaving the carotid triangle it curv'cs backwards so as to lie superficial in the 
vessel. 

The cervical portion of the InTcmal carotid artery lias many additional relations. 
Pettmorfy, it rests on tlie l^pongus capitis muscle, but the superior cervical svm- 
pathetic ganglion inlenenes and the superior laryngeal nerve crosses obllduelv 
behind the MedtMyy the artery is rebited to the w all of the phanm, from 

which It is separated by an inten-al containing some fat, connective tissue and the 
pharyngeal veins, the ascending pharyngeal artery and tlic superior krvngeal nerve* 
Antert/fairruHy, the ijitemal carotid artery is covered throughout by the Slcmo- 
tuasioid muscle. In addition. Mute rfir Ihgasin^, the Inpoglossal nerve uhd the 
superior ramufloT the ansa ccrvicalts, the lingual and facial veins are superficial in the 
artery- Ai ihc tevcJ of ihc Digastric the vessel is enjssed by the ^lylohyoid muscle 
and by the occipital and posterior auricukr arteries, Aim'c the Digastric, it is sepa¬ 
rated from the external carotid arten by the styloid pmccss, the f>tvloglussus 
and Stylophar!,ngeus muscled, the glussopltaryngeal nerve, the pharyT^R^^’^I branch 
tjf the vagus and the deeper part of the parotid gland. At the base of ihe skull the 
gh^^ipliarymgcal, vagus, accessory and hyp(jglossaI nerves ate between the internal 
carotid artery and the inicmal jugular vein, whieh here lie^^ posterior to the arterv 

The petrous portion*-U hen the internal carol id artery entera Use carotid 
canal in the petrous portion of the Temporal bone, h fim ascends, and then cun ts 
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forwards and medially. As it leaves ttic omal to cmer the crajiial cavity, it mna 
upwards and medially acirosa the upper pm of the foramen Liecnim ckod above the 
hbrocartilage whkh it contains. Finally, it passes between the lingula and petrosal 
process of the sphenoid bone. The artery lies at first In front of the cochlea 
and tympanic cavity; it is sepanitcd From the Utter and from the auditory 
tube bv a thin, bony UmdU, which h cribriform in the young subject* and often 
partly abso^bc^d in old age. Further fonvards tt ts separated from the semilunar 


Fin. 6v4“—A dii^cctjQfi re ih™ the wheSe course of ihr rtKhi vcrtebml and 
internal coroud artcrica. 
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ganglion by a thin plsitc of bone, vrhioh forms the floor of (lie trigeminal impres¬ 
sion and the roof of iJw horuontol portion of the carotid canal; frequenti}’ thb 
bony plate is more or leas deficient. The artery is surrounded by a number of 
BToatl veins and by the carotid plexus of nerves, which is derived from the internal 
carotid branch of the superior cervical ganglion of the sympathetic trunk. 

The cavernous portion of the internal carotid artery (fig. 695) is situated 
in the cavernous sinus, but is co%‘cred by the lining endothelium of the sinus. 
It at first ascends towards the posterior dinoid process, then passes forwards on 
the side of the body of the sphenoid, and again curves upwards on the medial 
side of the anterior dinoid process, and perforates the dura mater forming the 
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r^f of the ainu»; oecaaionaJiy the anterior and middle tlinqid processed form □ 
_ ijy ring round the arteryi The cavernous portion of the artery is surrounded 
by a sympathetic picstus, and the oculomotor, trochlear, ophthalmic and abducent 
nerves {% #>9|) a« on its lotend side. 

The ce«br^ poriioa.—After perforating the dura mater at the medial side 
of the anterior cllnoid process, the internal carotid artery' turns backwards below 
c optic nc^e, and then passes between the optic and oculomotor nerves to the 
anterior perforated substance at the medial end of the lateral cerebral sulcus, where 
It divides into tlie anterior and middle cctehtal arteries. 


Fio. An oblictucljp cunmal hmiori through the middle cranial 

atwwing the cavEninui and eerabrat purtJona of the internal woud 
B.rTerj\ 
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length of Ae internal carotid artery varies with the knrth of 
tfe neck, and with the ^int of bifiirMtwn of the common carotid. [ t arises o^on* 
a% from the .rob of the »rta. and then has been fty,ad on the me^Uire™?^ 
e^rnal carood, as fw as the Uryia. where it crossed behind the latter vessel to ^ 
i« ^Ml posiH^ ITie course of the «rvical pan of the artery, instead of S 
s^Bht, ^y be ve^ to^Wis. When this occurs the vessel approaches nearer » ^ 
pharyna than usual and may he very close m the lateral side of the tonsil.* A few 
m«tiincc4 HIT mxtndtd m which Jt wm absent 

—llie internal carotid corresponds to . broad line drawn 

Bran^w,—No b^chts an'se from the cervical portion of the interna! carotid 
Ktery. Those from the other portions are: 


From thf prirvus porthfi f '* ^f^t^tynipanic. 

'3. Pterygoid. 

• Consult an article by Jolw Caiirey, j. j,, ,,^5^ 
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From tha cfrehral portion 


From focernous portion 


[ 10. Anterior choroid. 


r 3. Gavt-raouft. 

^ 4. Hypophvseai. 

, 5. McningeaJ. 

6. Ophthalnula 

7. Anterior cerebral* 

< S. Middle cerebral. 

I 9. Poslcfior communicating. 


1. The carollcotympaflic branch ia imall ; it enters the tympnnic cavity through 
9 foramen Ln the wall of tlie oiioiid canal, and anaslomo^s with the anterior tympanie 
branch of the maxillary artery, and Vkith the HtyJatmiaioiJ imrry^ 

а, A itnaJl, ineonatunt pterygoid branch passes into the pterygoid canal with 
the nerve of that canal^ and anastomoses vriih a brandi of the greater palatine 
artery. 

3. Tlie cavernous branebes arc numcTouS small vtKela which supply the semi¬ 
lunar ganglion p and the walls of the cavernous and Lnferjur petrosal sinueei. So^e 
of thexn Hnufttomoac with branches of the middle meningeal artery. 

The hypophyseal branches are one or mo minuTc which supply the 

hypnphyaia cerebri, 

5* llie meningeal branch is a minute branch which passes over the lesser wing 
of the sphenoid to supply the dur^ nmur of the anterior cranial fossa ; it nnastnmoses 
with the rticningtal hranch from the posterior ethmoidal artery, 

б. The ophthalmic artery (fig% 696) arises from the internal carotid artery as 
that vessel emerges from the civemoua sinus on the medial aide of the anterior 
cUnaid process | it cnicrs the orbital cavity through the optic canal, below and 
lateral to the opde nerve. In the orbital cavity it runs for a short distance lateral to 
tlie optic ncrv'c and medial to the oculomotor and abducent nerves* the ciliary 
ganglion and the Rectus latcniiis. It next croaaca obliquely above the optic nerve 
and below the Rectua superior to reach the medial wall of the orbit. Tt then runs 
forwards between the Obliquus superior and the Rectus medialis, and* at the medial 
end of the upper eyelid* divides into two branches, named supratrochkor and dorsai 
nosai. As the artery crosses the optic nervx it is accompanied by the nasociliary 
nervCt and is separated from the frontal nerve by the Rectus superior and levator 
palpebrsc supmoHa; the icmiinid part of the artery is accompanied by the infra- 
trochlear nerve. In about 15 per cent of subjects the ophthalmic artery crosses 
below' the opde nerve. 

Branches.—The centra] artery of the retitia* the Brai and atie of the smallest 
branches of the ophthalmic artery, nriaes from that vessel whilst it lies below the opde 
nerve, ft rum for a short disiance within the dural sheath of the optic nerve* and 
about I ^5 cm. behind the eyeball it piercea the inferomedial iturfaceof the nerv^. and 
runa forward to the retina in the r^entre of the nerve. Its mode of distribution ia 
described with the anatomy of ilie eye (p, 

The lacrlnia] artery arises from the ophthalmic arteiy close to the optic canah 
and is otic of its largest brandies; ooTTtetimes it is given olT before the ophtlLaJmic 
arteiy enters the orbit; occasionally its place is tfll:en by o branch of the middle 
meningeal artery fp. 748). It accompanies the lacrimal nerve along the upper border 
of the Rccttis latendis* and supplies the lamOlal gland. Its terminal branches* escaping 
from the gland* arc distributed to the eyelids and conjunctiva : of those supplying the 
eyelids, tw'o are of E^oriaiderable aixe and are nstfued the laltral palpebral arteries ; 
they run medially in the upper and Inwer lids rtspcctively and anastornosc wTih the 
rticdial palpebral arte rice. *Vhiz lacrimat artery giv-es off one nr two zygomatic 
branches* one of which passes ihrouMh the zygomauco-tcmpcml foramen to the 
temparal fossa, and anastomoses with ihc deep temporal srEcrica ; Dwoiher appears «n 
the cheek thmugh the ^zygomaticofacial foramen and anastomoses w^ith ihe transverse 
fsdal artery, A recurrent momngcal branch passes backwards ihrough the laieral 
part of the superior orbital fbsure and anastomose* with a branch of tbe middle 
rneningeal aner>% * . 

The muscular branchoa frequendy spring from a common mmk* They consist 
of a anperior and an inferior group* and most of them accompany the branches of the 
oculninotor nerve, the inferior i^up, more constantly present, gives off moat of 
the anterior dhary arteries. .Additional muscular branchca arc derived from the 
lacrimal and supni-Dlrbital arteries, or from the trunk of the ophiholmjc artery. 

The diiary' arteries are divisible irrto three groups, long and abort poaterior, 
and anterior 
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The lon^ posterior arteries, two in number^ pierce the postenor part of 

the sclera a Fhort distnnee from the entrance of the optic nerve. Their disnibution 
described on p. 1^4:*- 

The short posterior ctJiary arteries, about seven in numbcfi, pass forwards 
sTOund the optic nenx to ihc posterior part of the eyeball, and* after dividing into 
from fLfieca to twenty brancheA^ pierce the acLem around the entrmce of the nerve, 
and supply the choroid coat and the ciliary processes. At the entrance of the optic 
nen'e they ftnastcjnciose with rwigs of the cenrtal attery of the rthna, and at the ora 
serrata with branches of the long posterior and anterior ciliary arteries. 

tThc anterior 'ciliary arteriea are derived from the tnuscuiar branches of the 
ophthnlrmc artery; they run to the front of the eyeball in company with the tendons of 
the Reed, fom^ a vosenlaT^onc beneath thcconjuned va, and then pierce the aeitra a aKotr 
distance ftten the sclcrocomcal junction and end in the greater anerial circle (p,. i 

The supra-orbJeal artery leaves the ophthalmic artery m that vessel crosses 
the optic nerve. Et asctfids tnediil ni the Rectus superior and Levator palpebm 
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superioris and, meeting the supm-orbital nerve, aceompimii:s it between the perioa* 
uumond Lcii^tor polpebm superioru m tlie aiipm-orhital foramen ; passing through 
thia foramen, It divides into superficial nnd deep branches, which supply the sltiii, 
muscles and pcrieraitTum pf the forehrad, Bnastomosing wi^ ihe supratrochTear 
nrtcry, the frontal branch of the supcrficaal temporal artery, and the artery of the 
opposite side. In the orbit it suppliea twigs to the Rectus superior and the Levator 
palpehne, and sends a branch ocrosa ibe pulley of the Obliquus superiori to the parts 
at the medial n^e of the cj-e. At the aupra^rbital fornnen it frequently «nda b 
branch to the diplo^ of the frontal bone. 

Tin.' posterior ethmoidal artery mm through the pos^tcriGr ethmoidal chiuJ, 
supplje* the posterior ethmoidal sinuses, and, entering the cranium^ givts olf s 
meningeal branch to the dura mater^ and nasal branches which descend into the nasal 
ca^vity through the cribriform plate of the ethmoid bone, to aniatomow with hronthc* 
of the sphenopaLaTine artery. 

The anterior ethmoidal artery accompanies^ die anteriorethmuldal nerve through 
the anlerior ethmmdal canal, supphea the anterior and middle ethmoidal and frontal 
sinuw 5 , aftdt entering the cranium, give* ofT a meningeal branch to the duta materi and 
nasal branchc* j the Jaticf detccfid into the nasal cavity with the anterior ethmoidal 
nerve nnd, nmning along the groove on the inner surface of the nasal bone, supply 





rim INTERNAL CAROTID ARITRY 759 

to ttws bticni] vvaU and septum of the nose^ and n tcrruirial bnmth which appears 
on the dorsum of the npw between the ruwai bpite and the upper nasal cartilage. 

*rhc mtfdngeal branch ia a iErmU branch which passes backwards thtough the 
supcHor orbitflJ fissure to the middle cranial fossfi, and artflslomoaes with the middle 
ami accessory meningeat arlcries. 

I’be medial palpebral arieries^ tw'o in number, superior and inferior, ariae from 
the ophihaknic alters' below the pulley of the Ohliquus superior, 'flicy descend 
behind the lacriniHl aac, and enter the eyelida, where each divides into t^va branches 
which course latertilly along the edges of the tarsi, thus forming two arches (a superior 
and an inferior) in ciwh cychd. The superior palpebral artery anastomosets with the 
supra-orhltal artery^ and, at the latcra! part of the eyelid, with die zygomottc branch 
of the superficiul temporal artery, and with ihc upper of the two lateral palpebnd 
branches of the lacrimal artery. The inferior palpebral artery imastomosca oi the 
lalcral pon of the eyelid ^rith the lower of the two lateral palpebral branches of the 
lacrimal artery and w^iih the traitsver^ fichl arter\% and at the medial part of the eyelid 
with R twig from the facial artery ; from this last anastomaais a branch passes to the 
lUWoLucrima] diicu rantifying in its mucous ccembranc. 

The supratrochlear arlery^ pCC of the tcmiinaL branches of tljc ophThalmic artery* 
leaves ^e orbital opening at its upper medial ^glc* with the suprarrochlear nerve, ftnd^ 
ascending on the forehead, supplies the skin, muscles and periCTanium, anastamofling 
with the aupm-orbilal arteiy nnd with the artery of the opposite side. 

The dorsal naaat ariery, the other terminal branch of the ophthalmic anery, 
emerges from the orbit between the itochJea of the Obliquus superior and the mediid 
palpebral ligament, and, after giving a nvi^ to the upper part of the lacrimal sae, 
divides into two branchci* one of which anastoraoses with the terminal pare of the 
facial artery ; the other runs along die dorsum of the tiOsCt supplies its outer surface, 
and anastomoses with the artery of the opprjsilc side, and with the lateral nasal branch 
of the facial artery. 

7. The anterior cerebral artery (figs. 697, 698, 699) arises from the mtemal 
carorid artery, at the medial end of the lateral cerebral sulcus. It passes forwards 
and mediaUy above the optic nenCi to the commencement of the Lon^tudinal fissure. 
Here it comes into close relatioiisiup wnih the opposite artery and is joined to it by 
a short transverse trunk (sometimes duplicated) named the anterior cotumuaicating 
artery. From this point, the i\vo anterior cerebral arteries mn side by side in the 
longrtudinal cerebral fissure, curving round the genu of the corpus c^losum, and 
running backwards along the upper surface of this structure to Its posterior 
extremity, where they end by anaaiomositig with the posterior cerebral arteries. 

'Fhe ufl/m&r communicating artery has an average length of about j mm. and 
connects the two anterior cerebral arteries across the commcnccmctit of the longi¬ 
tudinal figure : in about 7 per cent- of subjects it is double. It gives off a few 
anteromedial cenLral branches (p, 762). 

In its course the anterior cerebral artery gives off central and conical branches. 

rht Cfntmttfranchef are a group of small arteries which arise from the commence¬ 
ment of the anterior cerebral artery ; they pierce the anterior perforated substance 
and lamina terminabs* and supply the rostrum of the corpus callmum, the septum 
liidclum, the anterior part of the "pulamcn of the fendform nucleus and the head of 
the caudate nucleus. The cortical braackes are distributed to the areas from which 
they take their names. The ortiialbranc/tcr^ two or three in number, are distributed 
to the orbital surface of the frontal lobe, where they supply the olfactory' lobe, gyiua 
rectus and medial orbital gyrus. The frontal branches supply the corpus callosum, 
the cingulate gyrus, the medial frontal gyms and the paracentral bbule, and send 
twigs over the supcrotnedial border of the cerebral hemisphere to the superior and 
middle frontal g^ui and the upper part of the precentral gv^s- The parietai 
branches supply the prccuiteus and adjacent lateral surface of the hemkphere. 

8. I'hc middle cerebral artery (figs. ^97, bgSS, 699). the largest branch of the 
mternal carotid artery* runs at first laterally in the lateral cercbi^ sulcus and 
then hackw'ards and upw ards on the surface of die insula, where it divides into 
branches which are distributed to the insub and to the lateral surface of the 
cerebral hemisphere. 

The branches of the middle cerebral artery are central and cortical. 

The central bftmctiej comprise a group of small arteries which arise from the 
oofitmencement of the middle cerebral arten^ and enter tlie subi^tance of the brain 
through the anterior perforated substance.* They ore arranged in two sets: 

• J, L, j^hclbhrflf, 7, .litiir., ^5. tgio. 


ANGIOLOGY 


760 

one^ termed the medial itriatc^ ascends through the lentiform riudcus^ and Eupplles 
it, the caudate nucleus^ and the internal capsule i the other, termed the taUrat 
jirtatr, ascends over the lower part of the btcral aspect of the lentifonn nucleus and 
then, bending mcdiallyp traverses the nucleus and the internal capsule to reach and 
supply the caudate nucleus. One arter)^ of this group is larger than the rest, and of 
special importance as being the artery in the brain most frequently ruptured i it 
has been termed by Charcot the * artery of cmtral hstmorthage \ Of the cortical 
brandies, the ortnia! hrandui supply the inferior frontal gyrus and the lateral part 
of the orbital surface of the frontal lobe- 'Fhe frontal^npplic^ the precentral and the 
cniddle frontal gyrus. The parietal branchet^ tuxi in numberf are distributed to the 
postcentnti gyniSp the lower part of the superior prietal lobuk, and the whole of 


Fig. 'ITic arteries at the hue of the brain. 
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th« inferior parietal Jfihulc. The temporal iraoehei. tuo or thras in number are 
distributed to the IsteraJ surface of the temporal fobc. ' 

9. The posterior communicating artery (Rga. 697,700) nii«baaward3f^^^ 

the tnienutJ carotid ^ve theocoJomotor ne^^'^ and anastoitioas with the posteriw 
cerehraJ, a branch of the basilar artenv It ta usuaJlv a small vessel but is occasion 
ally m large that the posterior cerebral nuiy be considered m Brising from the internal 
carotid rather than fiom^ the bmilar, k is fmtjucmly larger on c™ side than on 
otiier. From its protenor hal/ are given off several small fCHtral braneMet which 
with ainiilar vessels from the posterior cerebral artery, pierce the posterior oe'rfoniied 
substance and supply the medial surface of the thalamua and the walls of the thirf 
vcntriclCi 

to. The anterior choroid artery-,• a small hat constant branch arises from the 
interna] carotid, near the posterior communicating artery. Passing backwa^ 
• Cotiiult imcTo by A. A* Abh«. J. 67, 1935, ,nd j. ^ 
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a^bavc the medial pan cf the uaciis^ it emssis the optic tract and comd into relation 
with the hws pcduncuh, to which it Acveral minute branchesi. It then turru 
iBOerally^ again crossing the opde tTBCt^ and comes into reJadon with the lateral 
aspect of the lateral geniculate hddy» to which it snpplica a number of branchct. 
Finally k enters the inferior hom of the lateral \^trtdc through the choroidal rissure 

Flo. OgS.—The ktenil 4urfsM:e of the reixhial hcmiapherc. Hhowing the areas 
supplied by the cerebral trtertes. In tlui^ and the next fiRure the Rupphed 
by the antenor cetebrtl &rury are oohured bluf ; tbove by the middle eerehml 
artery, pi^k ; and thoae by the posterior eercbml arter>% yr/Vew. 




and terminates in tfic choroid plexus. In addition, it supplies branches to the globus 
pallid us, the posterior limb of the iniemal capsule^ Ch e optic radiation, the optic 
tract, the hippocampus and the fimbria. 

The circtilus arteriosus.—A considerable part of the brain ia supplied by the 
two vertebral arteries ^p, 767), and a remarkable anastomosis, named the drculm 
ttrUriosus^ exists between these vessels and the two internal carodd arteries^ Tha 

Fio, 6^^^—llic medisi turface of the cwbral bemupbcrc, showing the arw supplied 
by the eciebral lutenes («* desdipdon of fig, bgab 


circle is sttnmted in the ctstema interpeduncuiaris at the base of the brain, and 
encloses the optic chiasma and the structures in the interpeduncular fossa (p. ioig)p 
It is formed as follows : in front, the two anterior ccrebrd arteries arc joined to cadi 
other by the anterior communicating artep" 1 behind^ the basilar artery (p. yfifi), 
divides into the two posterior cerebral arteries, each of which is joined 10 the internd 
carotid artery of the same side by the posterior communicating artery (fig. 700), 


THE ARTEHIES OF THE BRALN 

The mode oF distribution of the vetseh of the brain has an imporreant bearing upon 
some pathological lesions which moy occur in this part of the ners^oos s^-stem. 

Tlic arteries which supply the bmm give origin to two symtems of vessels. One of 
these ^ named the central: syatemp and ita vessels supply the thabunj and corpora 
itriata ; the other is the cortical system* and tti i;^es5eh ramify- in the pin mater and 
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iuppLy the cortejL and aubjacent brmin-subsLoiice, These two s^'Stents are independent 
of «ich other and do not eonwtiinicaie at any point of thdi: pedplvernJ distribution, 
and there is bctiveen the parts supplied by them a borderUnd of diminished nutritive 
activity whcrcp it is said, softening of the brain is especially liable to occur. 

^>^c oeittral system.—All the ve&seU of this system are ffiven off from the drculus 
arteriosLiSp or from the vessels elose to it. They form six pnndpa! groups : ft) an 
Biitcrom^diaJ group, derived from the nntcrioT cerebral and anterior commimi- 
taring arteries i (il> a posceromectlal group, from the posterior cerebral and posterior 
ccHiiiniiiiicatiTig arteries ; fin snd iv) right and left BnteroLateral groups^ from the 
middle cerebii arurrics; ind (v and vil right and left poatcrolaiera] groups, from 
the posterior cerebral artcriea after they huve wound round the cerebral peduncles. 
The vesseb of the central ayslcm are Larger than those of the cortical system^ and *ie 


Fia^ 700.—A diagram ef the anerics at the base of the bratn^ showing the 
CdfislitiitioTi of I he arleWAl firdf . 
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kjiown M ‘termind or * cn«J arteriw-thnt is to say, %c^t, which frotn their oriEin 
to their tcrminstiDn neither supply nor receiii'e any umtomutic bmneh m ihat 
lhrou«h any one only 1 limited aroi of the dialamu* or «rpua striatum can 

be mjeeted. ^ 

The cortical By»te»ii,-Th5 ve«eU of this system are the lemiinal branches of 
the sntenof, middk Md posterior cerehral arwriB. ^^wy divide in the substance ^ 
the pia ™tcr. give off branches which penetrate the brain *«irte* perBendtcukrlv brH 
are divisible into two cLsbcs, long and short. The tong or medullary ariertes'oass 
through the mey matter and pcnctraie the subjacent white metter to ihc depth of a or 
4 cm., witt^ut mtercummunicating. and thus oonatitute so many independent small 
systems. The short vessels sre confined to the corten, where they form with the IonJ 
vessels s compact network m the middle awieof the grey matter, the outer and mn« 
zones being sparingly supplied with blood. The vessels of the cortical system are nm 
Kostrictly ’ tomin^ * as tbo« of the central system.* but they approach thia type doselv 
for, although ncighbminng vessels ansstomosc with one another frwlv on the surfBr* 
of the brain, they become end ortcries as soon as they pierce h* tub^anec 

• S. Sundcrtimd, J. Amt., yj. 1738, 
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'fHE ARTERIES OF 'FHE UPPER LIMB 

The artery which supplier the upper limb runs as a single trunk aa far as the 
elbow I but it is dilTerently named, ancording: tn the regions it tiaversea. Froin its 
ori^n to the outer border of the first rib it is termed mhelatiiirt : from the outer 
border of the first rib to tlie tower border of the tendon of the Teres major it is 
named ^xtilary ; and from the lower border of the Teres major to a point opposite 
the neck of the radius it k called br^jchiaL 


The Sl'bclaviax Aateries 

The right sybdavion arttr\' arises from die braehiocephfllie trunk ; the left, 
from the arch of the aorta. The vessels, therefore, in the first parts of their coursesj 
differ in their length, direction and rebtions. 

To facilitate description, each subclavian artery is divided into throe parts ; the 
first extends from the origin of the vessel to the medial border of the Scalenus 
anterior, the second lies behind this miisclc, and the third mna from the lateral 
margin of ihc muscle across the first rib to its outer border, where it becomes the 
axillary artery ; each artery' arches over the ccrxical portion of the pkur^^ The 
first portions of the two vesstb differ from one ^mher in their origin, course and 
relations, and therefore require separate descriptions. Tlie relations of the second 
and third parts are almost alike on the two sides of the neck. 

The FfHSt Papt of the Rrcirr Suucuvun Artttrv (fip. 701 , 705 ) 

The first part of the right subclavian artery^ arises from the hmchiocephalic 
trunks behind the upper part of the right stenioclavkular joint, and passes upwards 
and laterally to the medial margin of the Scalenus an lerion It ascends, on an averagCp 
about 2 cm. abov'c the cbvicle, hiii the height it reaches varies considerably. 

Relations .—In fronU the artery is cuvertd by the skin, auperficiJ fascia, 
Platvsma. medial supraclavicular ner^'cs, deep fascia, the clavicular origin of tlie 
Stemomastoidi the Stemohyoid and Stcmoihyfotd. At its origin it is placed behind 
the origin of the right common carotid artery'; more laterally h is OTssed by the 
vagus nerve and the cardiac branches of the va^s and sy'mpathcdc, and by the 
intemnl jugular and vertebral vtlm \ the subclavian loop of the synipathetie trunk 
encircles the vessel, ^fhe antertor jugular vein is directed Jatenilly in front of the 
artery, hut is separated from it by she Stemohyoid and Stemothytoi<L ^ Brloii' and 
hehind, the artery is related ro the pleura and the apes of the lung, but it is separated 
from them by the suprapleural njembrane (p. 1327), the ansa suhclavb, a aniall 
accessory vertebral vein (p. ^44), and the right recurrent hiryngcal nerve, which 
winds round the lower and posterior part of the vessel. 


The Fih^ Paiit of the l.vrt Suhcilavian Aimiiv (figs- 6S0,68j, 6S5, 702) 

The first part of the left subclavian artery arises from the arch of the aorta, 
behind the left common carotid^ usually at the level of the disc between the third 
and fourth thnracic vertebm; it ascends to the root of the neck and then arches 
lateral]V as far as the medial border of the Scalenus anii-rior. 

ReUtioru. (1) Within the tharax.— it is related* m franL to the left comrnon 
carotid artery and the commencement of the left brachicjccphalic vein, from which 
it is separated by the left vagus, cardiac and phrenic nerves. Superficial to these 
Structures, the anterior margin of the left lung and pleura and the Sieroothyniiil and 
Sternohvoid muscles inien ene between the vessel and the upper, left portioa of the 
manubrium srtmi. Behind, it lies, successively, on the Irft tfdgc of the tpsophagus, 
the thoracic duct and the Longtis cervicis, and it is in contact porterobtcrally with 
the left Iimg and pleura. Medially it ia related, successively, to ihc trachea, the left 
rtcuPTcnt laryngeal nerve* ihetcsophagus and the thoracic duct. LateP^nlly the artery 
grooves the mediastinal surface of the left lung and pleura, and these structures, as 
already indicated, tend to encroach on its anterior and poetcrior aspects. 

(2) In the neck.—Near the medial border of the Scalenus anterior the artri^ 
is crossed mtaiorly by the left phrenic nen-e and the terminal part of the thoracic 
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duct. Otherwise the relations arc the same as tliOfSc prcviDuaiy described for the 
first part of the rijfht subclavian artery, FvsreriGriy and mftnoriy^ the relations 
of the two vessels are identical, but the left rccuntnt lajy^n^eal nerve, which Is 
related to the left subekvian artery in tbc thorax, is not related to its cervical 
portion. 


TtiE SicoNO ANtJ Third Fabt 3 of the Suhclaytan Artert 
(figs. 701, 70+) 

Tlie second portion of the subclavian artery lies behind the Scalenus anterior; 
it is very short, and forms tbc highest part of the arch described by the vessel. 


Fic. 70K—SmiEmrei in relidon with ihe «rvtcit pleura of the tight «Lde+ 
S«cn from brioW. 
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Relalioofi.—/n/rowf of it are the skin, superficial fascia. PIat>'sma, tieep ccrvicat 
fascia, Sternomastoid ajid Scalenus anterior. On the right side of the neck the 
phrenic nerve is separated from the second part of the artery bv the Scalenus 
anterior, while on the left side it crosses the first part of rhe artery elo^ to the medial 
edge of die mtiscle. and te/dw the vt=ssel are the suprapleural memhram: 

pleura and lung, and the lower trunk of the brachial plexus; above, the unocr and 
middle trunks of the brachial plexus. The subclavian vein lies hebw and m front 
of the artery, separated from it by the Scalenus anterkir (fig. 704). 

The third portion of the subclavian artery runs downwards and Jaterallv from 
the lateral margin of the Scalenus anterior to the outer border of the first rib where 
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it becomos the axilbry artery* Tliia is Uie most superficial portion of the vessel, and 
is contained in rhe supraclavicular triangle (p. 753). 

Relations*^/n froni of it are the skiit, the supcrfidal fasda, the Platystnap 
the supraclavicular ttervea and the deep cervical Fascia. The external jugular 
vein crosses its medial part and receives the suprascaptiJar, trajisver^ cirrvicai 
and anienor jugular vdlnA, -which frequently form a pl^us in front of the artery. 
The nerve to the Subcla^ius descends behind the veins and in front of the 
a^tcr)^ The terminal part of the artery lies behind the clavide and the Subdavius^ 
and is crossed by the supiascapular vessels. The subdaviitn vein is in front of^ and 
at a slightly lower level than* the artery^ The lower tiunk of the brachial plexus lies 
behind the artery and intervenes between it and the Scalenus medius. and 


Fjc. 7 m,—S urucitices in rcbilon with the ccnicel pleura of the 
left lidc. Seen from below* 
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to its intern! ttde^ arc the upper and middle mints of the brachial plexus, and 
the inferior belly of the Omohyoid. Bflnu?, it rests on the upper surface of the 
first rib. 

Surface Anntamy. — ^The subcla^iim artery can be represented by ■ broad line, 
convea upwardt^ drawn from the Hterooclavicular joint to the middle of the lower 
border of the clavicle (fig, 6S7J- Hie tliird part of the vessel can be felt pulsating on 
iltep pressure in the lower and anterior angle of the posterior triangle. 

/VetdiaritKi.—The subclavian arteries vary in ibelr origin, their course, and the 
height to which they rise in the neck- 

ITie right subclavian may arise from tJie brachiocephiilic above or below the levtJ 
of the sternoclavicular joint; It may arise as a separate trunk from the arch of the 
aorta, and may then he cither its finu or last hninch. When it is the first brand), it 











i\NGIOLOGV 


766 

occupies the urdinafy pcksition of the bi^chiocephalic trunk ; Bind when the last, it 
amcB fncim the left extremity of the arch, and aaceneb obliquely towards the lidc 
behind the tracheA. tesopha^s, and riftht carotid to the iimer border of the hrat rib, 
whence it fallowB i& ordinaiy coiiw. In these crises, the ptoxinial part of the artery 
represents a persistent part of the right dorsal softa* and the right fourth aortk arch 
takes no part in its formatiiisn (pr tyol so that the right rectirrcni brynutcBl mrve hooka 


PlO- 703.—A dbwetEon of the rii!ht wde af the neck showhiE the caiorid and aob- 
clav-ian arteries and thdr bmnehES. ' 



a. rAirrHvrelHl CriaaAamiJ aj 

lArKffPrt Ouil; 



round the lalcmi aide of the ciCinutlon eamtid which is derived from the aitery qf the 
third arch. Sometimes^ when it ariaea as the Jast branch of the arch of the aorta, the 
right subclavian artety passes between the trachea and the cesophogus, 

OccaaianflUy the subclavian artery perfaratea the Scaicnui anicrior ; very rarely it 
*p0sw in front of that musek. Sometimes the subclavian vein poMct with the artery 
behind the Sealenua antetinr^ ITic artery may ascend ai high as 4 cm. above the 
davkic or may only reach the level of the upper border of the bone. 

The left frubebvian is oCcwonally joined at ife origin with the kft cummon carotid. 
It la more deeply placed than the right $ybclavmn in the first part of ii* t-tmne, tmd as 
a rule, doci not rtach quite as hijdi ■ kvd in the neck. 
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Tlie poaterior border of the StemoinastDid corresponds cloaely to the Intend border 
of the Sc^knUB Hitteriori w thnt the third portidn of the irtery, rhe part rrtoat aoccsaibk 
for operatiork, lies lateral to the posterior border of the Stetnomaatoid. 

Compression of The subcistiair artery may be requjftd to control hannorrhagCp and 
can be applied cflfectually iti pn* situation only, viz. where the nrtery pasaes across the 
upper surface of the first rib. In order to compneis the vessel in this situation^ the 
shoulder should be deprsaed and pressure exerdsed downwards, backwards, and 
mediaby In the angle fottned by the poatcrior border <jf the Ster¥V5ma4toid with the 
upper border of the cJavfcle. 


Fic» 704.—The rcLitiprra of the third part of the right subclsvian mrirry^ 
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Branches.—The branches of the subclavian artery art: 

Vertebral. Thyroocrvical trunk. 

Internal thoracic (mammary*) Cbstocenicsd trunk. 

Oft the left aide of the neck all four branches generally rise from the first portion 
of the artery* ■; on the right side the costocervical trunk usually springs from the 
second portion. On both sides* the first three branches originate close together at 
the medial border of the Scalenus anterior. 

I. The vertebral ajiery (fig^. 6S5* 694,700} arisea from the upper and posterior 
part of the first portion of the subclavian artery* It ascends through the foramina in 
the transverse processes of the upper six cervical vertebretT* winds behind the lateral 

• The vcrTebrnl ■rtciy fnuiccirnct ihe fur^okcni In the irwievcrie pmcciA of the fifth 

vertchnu 
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of iht cntcra the skuW tlirough the foramen maj^um^ and, at the louver 
border of the pons, joins the vesscJ of the opposite sidle to form the basilar 
artery, 

ReUtJorts,—The vertebral artert^ may' be divided into four parts. The Jirit pafi 
runs upwards and backwards between the L.ongus colli and the Scalenus 
anlcrior and behind the ocimmon carotid artery^ In front* it is related to the 
common carotid artery^ and the vertebral vein, and is crossed by the Inferior 
thyroid artery ; on the left side it is crossed also by the tlioracic duct. Behind, it is 
related to the tratisvcrsc process of the seventh cervical vertebra* the inferior cervical 
ganglion (fig. 995) and the ventral rami of the seventh and eighth cervical 
ficrv'tSr Tile itctjnd part ascends through the foramina transver^aria of the upper m 
cervical vertebra:, and is aoenmpanied by a large branch derived from the inferior 
cervical symparhetic ganglion, and by a plexus of veins which unite to form the 
vertebml vein at the ioivcr part of the necL It lies in from of the ventral 
rami of the cervical ncn.'ca (C.2-C.6) (fig. and pursues an almost vertical 
course as far a$ the transverse pniccss of ibc axis, through which it runs upwards 
and laterally to the foramen transveraarium of the adas. The third fKtrt issues froiu 
the latter foramen on the medial side of the Rectus capitis lateralis, and curv^es 
hackwarda behind tl;c lateral mass of the atlas* the ventral ramus of the 
first cervical nerve being on ila medial side ; it then lies in the groove on the upper 
surface of the posterior arch of the atlas, and enters the vertebral canal by passing 
below the lower, arched border of tlw pi^islcriur atlaiito-occipital membTane. This 
port of the artery b covered by the ^mispinalis capitis and b contamed Ln the 
sidfoccipHai trian^it (fig, 690)^ The dorsal ramus of the first cenical nerv^e lies 
between the artery and the posterior arch of the alias (fig. 574). The fourth pari 
pierces the dura ajid the arachnoid mater, ascends in front of the roots of the hypo¬ 
glossal nertx f%. 827)^ and incHnea medially to the front of die medulla ablongata 
where* at the lower tHJrdcr of the pons, it unitea with the vessel of the opposite side 
to form the basilar anerv (fig. 697). 

The branches of the vertebnd artery may be dmded into two sett—those given 
off in the neck* and thocse w^Jihin the cranium^ 

(u> Cervical branches.—{i.) Spinal branchifS enter the vertebral cimal through 
the {ntervertebra] foramina, and racK divides into two bruichea. Of these, one passes 
along the roott of the nerves TO ^supply the spins! cord and itt membranes, onastomosing 
with the other arteries of the spinal cord ; the other divides into an sscending and a. 
descending branch, which unite with similar bnLOLh^s fn:m the arteries above and 
below^ so ilMt two lateral anastomotic chuirui are formed on the posterior auifacu of 
the bodies of the vxrtchro;, near the attachment of the pedicles. Prom these aoB^to- 
motk chains branches arc supplied to rhe periosteum and the IxMdies of the vertebne, 
and others communicate with sJmitoj branches frnm the opposite side ; from these 
cornmunicatioris tcnall twiKs an'se which join sEmiLar brunches above snd below, to 
form a central anastomotic ciiain on the posterior surfaces of the bodies of the ve^tebr4^, 

(ij Muscular branches otisc from the vencbnil urfcr>^ os It curves round the 
lateral niasa of the atlas. They supply the deep muscles of this region and smastomoBe 
with the occipiful artery, and with the ascending and deep cervical arteries, 

(6) Craniat branches.—(i.) One or iwo meningeal branches sprinR from the 
vertebral Hrtcry opposite the foramen magnum ; they ramify between the boEic and 
dura mater in dir cerebellar fossa and supply the falx retcbcili. 

U.> The pfl^erior Fpirral artery may arise fmm the vertehrai anery at the side 
of the medulla oblortKaia, but is mrnst frequently derived from the posterior inferior 
cerebellar artcrj\ It passes backwards, and then descerds as tw^o branches, one in 
ifont of and the Other liehind the dorsal roota of the spinal nerves j these are 
reinforced by ■ succession of spinal twigs which arise from the %-ei-tcbra!, ascending 
cervical, potjifctiar inlcreii^tal itnd lumbar anerica^ and enter the vertebral canal 
through the mteraertebraJ foramina ; by means of these btnnchts the posterior apmal 
arteries are cominued to the lower part of the spinjil cord. There is some evidence • 
That the cervical region of the cord is supplied from above doivnw^anli by blood 
directly from the pcksiorior spinal arteries. At lower levels it appeont that die blood 
Rows upwards in die pu^teririr spinal artertes and that the contributions received from 
the intercostal and lumbar nrteries to tlicsc portion* of the vessel^ is rekti^'ely un¬ 
important. Tlie mnrn source of the blood iei the inferior psru seems to he two vessel* 
which paw backward* from the tem^inaejon of the anterfnr spiiml miery at the level 
uf the ftfih sacral nerv'C'-roots. Branches from the posterior spina! arteries form 

• Bolton, J. and f*f%Thiatry^ VoL ei (NVv sene«), N'e* a, April JOJ5, p. E37, 
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n hc<* nnasmmPEis with fhns^ of th*f oiipmire sidtf. Near its csrii^iii cath posterior 
tpiiml arterv gives oflf §0 luccndinK branch, which ends at I hr side of the fdutiJi 
ventricle. 

f^p) The jmteHffr {SpiiLal artery isa miflll hrunch, which Htiites near the icm^ination 
of the vertebral artery ; it deacends in from of the mi.'dullLi oblongata onti unites with 
tta fellow of the opp^isite side near the levxt of the lower end of the olive of the mcilullu 
oblongata. The sinfile trunk, ihua formed, descends on the front nf the spinal cnrd» 
and is nnnforccd by m succession of small spinal branches which enter ihc vertebral 
ejinal thremgh die [nierv^ertchrtl foroniina i these ht^nchtrs are derived from the 
Vertebral, the ascending cervical, pctstcrior intercostal, and lumhar arteries. They 
unite, by meaiu of ascending and dcsecnditig bmneheu, in form a ainglc anlerior 
nicdiuti iiner>% which extends as far 33 die lower part of the spinal tord, and is con¬ 
tinued 05 a slender twig an the hlutn tcTtninalc. 'iliis vessel is placeii in the pia mater 
along the anterior median fissure ; it 3 uppbe<> ihat tnembrane, and the sut^innce of 
the spinjil cord, and sends off branches at ilB lower part co be diiinhuted ro rive cauda 
equina. Branches paas fmm die anterior spinal artciieii^ and fTom the beginning of the 
trunk formed by ihcir union, to the medulla obbngats, w'here they on- diftiributed to 
Its central portion^ being shaiply liitiitcd dorsally lo ibc regitm of the trigonum hyjKt^ 

g|n 4 iu.“ 

( 4 ,) The posterior infertor eerefaeUar artery' (%. 697 ) is the largest brancli of 
tilt vertebral artery^ but is not infrequently absent, U arise® near, and winds back¬ 
ward® totindp the lower cod of the olive of the medulla oblongala ; it then mends 
behind the roots of the glossapharyngcal and vagus nerv^e® tn the lower bonier of the 
pons, where il turns downwards along the inferolatcrid hoirder of the fourth ven- 
tricle+ Finallyr it runs laterally into the vallecula of the cerebellum, w here il divides 
Into a medial and a lateral hranch, "tlie medial branch run® backivard® betvicefi the 
cerebellar hemisphere and the inferior vermis^ supplying branches to both i the 
lateral branch supplies the under surface of the hemisphere, as far as ita lateral 
border, and ajiasiomose® w^iih the anterior inferior cerebellar and superior cerebellar 
bnanebes of the basilar ancty. T'hc trunk of the artery supplies branches to the 
medulla oblongata and lo the choroid plexus of the fourth vcntriele, and sends a 
branch upwards lateral to the tonsil of the ccrcbcUum to supply the dentate nucleus 
of the ccfcbcUum fShcl[shear f). The area supplied In ihc nicdullu oblongata lies 
dorsal to the olivary' nucleus and lateral to the nueleu® and emerging lila of the 
hypoglossal nerve> and usually Includes the nucleus i>f the ®ptruiJ tract of the 
trigeminal ncrv'c and the spLno-thalimie tracts. 

is*) tncduIJary arteries ate several minute vvi^st.^|s which spring fmrn ihr 
vertchm] ami Its bninches, and arc dUlributcd To I he medulla oblongata. 

The basilar artery (figSr 697^ 700}, so named from its position at the base of rise 
skull, ii formed by the junction of the two vertebral arteries; it extends from the 
lower to the upper border of the pons» and is contained within the cisiema pontis. Ii 
lies in a shallow, median groove on the ventral surface of ihe pons. It is placed 
between the two abducent nerve® at ihc louver border, and between the two Oculo¬ 
motor nerves at the upper horder of the pons^ where it divides into the twci posterior 
cerebral arteries. 

Braitch». — ^rhe pontine branches art a number of Atnall ^vasela ‘^vKlch come off 
from tile from aniJ sides of the bonilar aner>% and supply the pcHos and mJjacent parts 
of the bmin.l 

The lahyrijilliiiu? {irptcrTiBj auditory) artery, n long «lender branch, may arise 
from the low'tT part of rlie haailar artery but Is moi% oficn derived from the anterior 
inferior cerebellar artery ; it aeeompaniea the facial and the eighth nerves inlo the 
internal acoustic meatma, and u diatriboted to the intemu] enr. 

The anterior uiferior cerebellar artery (fig. 697 ) arises from she lower part 
of t he basilar artery* i t runs backwards and latera lly, usual Iy vent ml to t he abd iiecnt 
nerve, the facial and dghth nerves, and commonly forms a IfKJp which pcnciratcs 
for a variable distance into the intenial acoustic meatus helow' the nerves.f The 
labyrinthine artery frequently arias from the summit of the loop. On emerging 
from the meatus ific artery is distributed to the anterior and biemi parts of the under 

* J. L. Shelhlwf, J, -'Ihrii., 61, 1^27- f J. L. Shel3ahrBr. LanV^I. May 

I Ji B. Siopfurd.y. lQt&. f Sydney Rundcrland, 68, j, 1^45, 
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surface of iKc cerebdlum, where it anasiomwcB with the posterior itiferiar cerebellar 
branch of the vertebral artery, A l^w branches arc supplied by the anterior inferior 
ctrebcLLir artery to the lower and latenil parts of tilt: pOf\s^ and ^otneUmes lo the 
upper part of tfie medulla oblon^ta. _ ^ 

'fhe superior cerebellar artery (fig* 697) arises near the termination of the 
basilar- 1 1 paaseB lateral I v tmracdbtcty bclo\v the oculomotor ncr> e, which sepaiates 
k from the posterior cctehral artery, vrinds round tfic cerebral peduncle dose to and 
bdow the trochlear ner^ e, and, arriving at the superior surface of ilit cercbcllunip 
divides into branches which nrniLfy in the pia matefp supplying this aspect of the 
cerebellum and anastomosing with branches of the inferior cerebellar artenes. In 
addition, branches art given to the pons, the pineal bendy* the anterior (superior) 
meduUarv^ velum and the tela chorioidca of the third ventricle. 

The ^terior cerebral artery (figs. 697. fr^uendy double, is larger 

than the superior cerebellar artery, from which it is separated near its origin by the 
oculomotor nerve, and on the side of the mestmcephalon by the trochlear nerve* 
Passing laier^y, parallel with the superior cerebellar srtciy^ and receiving the 
posterior coitimujiicating branch from the intcmal caroud artery, it w^inds round the 
cerebral peduncle, and reaches the tentorial sutface of the qerebmmp where it 
breaks up into branches for the supply of the tcmp(?ral and occipital lobes. 

*rhe branches of the posterior cerehral artery^ arc divided into two sets, central 
and cortical. 

Crntral The cetitfal branches f hg* 700) are several amali 

arteries which arise at the commencement of the fK?bitcrior cerebral anery \ these, 
with similar branches from the posterior communicating, pierce the posterior 
perforated substance, and supply the anterior part of the titalamus, the lateral wall 
nf the third ventricle and the globus pallidus of the lentlform nucleus. The 
posStriar choroid hrofiches are usually three or four in ntmiber. One. or more, 
muTses over the lateral geniculate body and helps to supply it, before entering the 
posterior pan of the inferior hom of the Lateral ventricle through the lower part of 
the choroEdal fissurr. The others curl round the posterior end of the thalamus and 
pass through the transverse fissure^ to enter the tela chorioidea of the third ventricle, 
and through the upper part of the choroidal fissure: they supply the choroid plexuses 
of the third and lateral ventriclea, and pve Aome tw'iga to the fornix. The postero- 
lateral centml tranc:kci are small arteries which arise from the posterior cerebral 
artery after it has turned round the cerebral peduncle; they supply the cerebral 
pedtinclci die posicrior part of the thahtmus, and the pineal. t|uadftgeminal and 
medial geniculate bodies. 

('orUcaibranches .—The {cmporolbranches^ usually tw'o in number, are distributed 
to the uncuSp the parahippocampal, ihe medial and lateral occipito-temporal gyri; 
the occipitalhranehrs supply the ciineus, gyrusfr lingualis and the posteriiir part of the 
lateral surface of ibc occipital lobe i and the parieio-oedpifof mipply the cuncua and 
ihe preciinctiH^ 

a. The inienml thoracic (mammaiii'l artery (fig. 705) about 2 cm. above 
the stcrn^al end of the clavicle from the inferior sujface of the first portion of ihc sub- 
davian artcr^v opptwitc the ihymcerv ical trunk- It descends behind the cartilages 
of the upper six ribs at a distance of cm. from the lateral border of the 
sternum, and at the level of the sixth intercostal apace divides into the muscuio- 
phrenic and raipmV epigiairk arteries. 

Relations.—It runs at first downwards, forwTude, and medially behind the 
sternal end of the clavicle, the internal jugular and brachtcicephalic veins, and the 
first costal cartilage. As ilw artery enters the thorax, the phrenic neo^c crosses it 
obliquely from the lateral to the medial side, the mm usually passing in front of the 
artery. Below the firat costal cartilage it descends almost vertically to its point of 
bifurcaTion. li is covered in front by the Pcctordis major, the camlagcft of the upper 
SIX ribs and the intervening external (anterior) intercostal membranes and Internal 
mterct^Uib, and is crossed by the terminal pemions of the upper irix intercostal 
nerves. It is separated fivsm the pleura, as fur as the second or third costal cartilage, 
bv a simng layer of fascia; beW this level, by the tramrbCrsus thoracis. It is 
accompstnied by a chain of lymph nodes and a pair of veins : at>ouE the level of the 
Third costal cartilage the veins unite to form a single vessel, which runs medial to 
ihc artery' and ends in the brachtocephalie vein. 

Branches^—^TI tc pericardiflcopliremc arlery ia A long, slender brandi which 
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{iccumpuiies the phrenic nerve, between the pleura and pcricardiuiD^ to the Dia phragm; 
It gives branches to the pleura, ptricanlium, and Diaphragm, and ona^tammiei with 
the musculophrenit:; and phrenic arteries. 

The mediflslinal arteries are mall durdbuted to the areobt ti&srue and 

lymph nodes m the ametior ixLediastinum^ and to the remain^ of the thymuan 


FlO- 705 .^^rhc left bitenial thorucic (nurmnnar^") artery* 
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The pericardial branches supply the upper part of the anterior surface of the 
pericardium. 

'L'hc stemaL branches are dJetrlbuted to tJie TransveraiiB thoraeiA (Siemocostalis) 
and to the ppstcrioT surface of the sicmum. 

The anterior mediastinaU pericardial and sternal branches, together with some 
twigs from the pericardiacophrenic* anastomose with branches from the poscerioir 
intcrtiostal and hroTichia! artcriesp and form a stibpleural mediastinal pteaus. 

The anterior intercostal branebea are diitribured to the upper sbe intereoatal 
spocesr Two in each spacer they pass UiteniUy, one lying near the lower nmrgin of the 
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upper Tib, and the other near the upper inur^n <?f the lower nb. 

r^^rtierior intcTt:<»lal arteries. They aw at first si^ated bettvecn the ™ 

Jmernal inteniosmJ museles. and then between the ’"'X.Xlnl* 

Intemat imcroosials. They supply the Inicrcwlal niiMcks and send branches thfough 
thtffn lo the Pertt^rat muacltis ami ihc mairumi. . 

The perforating branches emcTEe thrtutpjh the upper hvc or sis intercostal 
spaces, w^i the anierior cutaneous branches uf the eo^spondinji mtercosnil nert^, 
Thev pierce ilw Peeturalis major, and curving laterally. supply that twuscle and iht 
skin. In the female, those of the «™tid, third and fourth spaces mve branches to the 
maenma, and during lactation are of large sisse. 


The rnusculopbretiic artery is tllnectcd obliquely dfAvnwards and taicrally, 
behind the cartilages of the seventh, eighth tind nmih rihs; it perforates the 
riiaphragni neat the ninth costal cartilage, and entls opposite the Iwt intercostal 
space. It anastomoses with the phrenic orterv, the lotvcr two posterior intcrcosm 
arteries and the ascending branch of the deep circumlles iliac artery'. It gives off 
two anterior intercostal hranches to each of the seventh, eighth and ninth intcreMial 
spaces ; these arc diatributctl in a manner similar to the anterior intcrcostals from 
the inu-foal tbontcic. 'I'hc muaculuphinenic also gives branches to the lower part 
of the pericardium and to the abdominal muscles. 

Tile superior cpignatrk artery descends through the interval between the 
costal and ttiphoid origins of the Ijiapbragm, lying on the lower filire* of the 'I'nins- 
versitft thoracis and ilic upper fibres of the Transveraua abdominis. It enters the 
sheath of the Rectus abdominis, si first lying hehind the tntiscle, and then ptr- 
foraling and supptviiig it, and anastotnuBing with the inferior epigastric artery from 
the external iliac, ffranches perforate the sheath of the Rectus, and supply the skin 
of the ahtlonicn, and a small branch passes in front of the xiphoid process and anasto¬ 
moses with tlic artery of the opposite side. The superior epigastric artery also gives 
some twigs m the Diaphragm, while from the artery of the right side small hranches 
extend into the falciform ligament and anastomose with ihc hepatic artery. 

t. The thyrocervical irtuik (figs. 685. 703), a short, wide trunk, arises froin 
the front of the first ponion of the suhclavian arterj', close to the medial border of 
(he Scalenus anterior, and divides altnotst immediately into three branchea, the 
ftfjenar thvtinJ, fupruieapulat and trui»vefse etTvica}. 

The inferior thyroid artery runs upwards in front of the medial Ixirdcr ol tile 
Scalenus anterior ; it then ill ms medially in front of the vertehral vessels and hehind 
W carotid sheath and its contcnis, and iMually hehind the sympaihctic trunk, the 
middle cervical ganglioti of which rests upon the vrssel; it finally descends on the 
l.ongus colli to the lower border of the lobe nf the thyroid gland. ,^l a little 
distance from the gland the inferior thvToid artery usually passes behind the recur¬ 
rent laryngeal nerve, but when the gland is rcaciitd the nerve is often hehind the 
branches of the arterv nr it may pass between them,* On the kft siJr, close to its 
nrigin, the artery is emssed anteriorly by the thoracic duct as it curves lau-rally and 
downwards It) its temitnufion (p, S8z). 


Br^cheSn^'Jlic mus^ulaj bmnehea Aupply the of thii 

hyoid bone, thu UinRiia colli* Scflitnus anterior Qtid [nferior corntrictof of 

The KBCt!ndin|^ cervical aricry ti a amall hmnch whith Bds4js fruin the snfcricir 
thyroid nnery a^ that veKcl turns medially hehiiid the carotid sheath [ ir aacendfl on 
tlie anicfior tubercJcf of ihc tran-ivenhE procewj) of the ccrvienl vcitehne in the 
intenal between the Scalemi* oiitcrior and IrfHijiu* capitis, it give* twm i* the 
ifiusclc^ of the Btid sends one or two apinid bratichea into the vertebral canal 

thrtiii^jh the ioierL'crtcbrat foramins to be diatributctl to the sipitial cotd and its ttictti- 
hTtLoes, and to the Uidiea of the vertebne, in the same manner as the spinal branches 
of the Vertebral artery. Jt ajii*t«no*ea with hranehe^i of the vetiebmh ascendinK 
phar^tij^cftlp iiccipitiil and deep een'ical arteries. , , . 

Thu inftjrior laryugeal artery ascends upon the tmthea in compnoy with the 
reeunxnt laryORenl nef\'e : it cnicrs tlw Iprytix dwp to ihe lower disorder of the 
Inferior eonstrictor mu nek, and supplies Its muscles sod mucimn mernbraneH aimshp- 
Touslng With the artery from the opposite side, end with the superior krynj^al hnineh 

of the superif^t thymSd artery. . , i_ i . , r 

'fhe tracheal branches arc diitribured to the iruehea und amufpiinfi^ below w'lth 
the bronchial arrcrics. 


* F. C. Ponion*, . I'lral., 54. >930^ 
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The cc^ophageal branches supply the oesophsj^e and snastoKnote with the 
oesophageal branches of the thoracic aorta. - l c w 

Tht gluidulu' brancJieA comprise nn inferior and en aaeending branch ! iney 
a« distributed to the posterior and inferior pans of the thyroid gland, and anMtomow 
with the superior thyroid artery and with the opposite inferior thyroid artery' i the 
ascending branch supplies the superior parathyroid gland, 

'Fhc suprascapular artery (fig. 704) passes at first downward* and laterally 
across the Scalenus anterior and the phrenic nerve, behind the tniemal juj^Ur vein 
and the Stemomastoid; it then crosses the subclavian artery and the brachial plexus, 
and runs behind and parallel with the clavicle and Subctnviua, and deep to the in¬ 
ferior belly of the Omohvoid, to the superior border of the scapula ; here it pasaea 
above (occasiopalty below) the suprascapular ligament, which separates it from ^e 
suprascapular nerve, and enters the supraspinous fossa (fig. 706). In this situation 
it Hea on the bone, and supplies branches to the Supraspinatus. It then descends 


Firs. 7^,—The BcupuUr fliiititiiiTiofEim tif tht left iiitle \ dorsil siapett. 
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b{!hind ihc ntek of th^; scapula, through the great scapular notch and deep to the 
spinnglenoid ligament* to reach the deep surface of the [nfraapinatiiiai where Ji 
anastomoses Vi ith the circumflex scapular trtm'i and the deep branch of the trans¬ 
verse cervical arterv. Besides diatribiiting hnmehes to the StemDinastoid, Sub- 
clavio»T and netghly>ijring muscles, it off a mprasirrnaf hratifk, which crosses 
over the sternal end of the clavicle to the skin, of the upper part of the chest; and an 
itCTfJmtiitbranch, which pierces the TrapwidiJS and supplies the skin over theaCmmion, 
anosnimosing with the thoraco-oeramial (aermrUothoTade) arter)-* M the aupm- 
scapular arterv posses al>ovc the auprastapubr ligament, it sends a branch into the 
subscapular fo^* where it ramiliea beneath the Hubscapularis, and anastomoses with 
The subscapular artery and with the deep branch of the iransversf cervical ortery. 
Thc suprascapular artery^ alsr> sends ortictilar branches to the acromioclavicular and 
shuuldcr-joints, and nutrient arteries to the clavicle and scapula. Not infi^ucnlly 
(he Supras€:apul 3 r artety arises from the third parr of the subclavian art cry» 

'rhe transverse cervical artery (fig. 7^4) lies itl a higlicr level than the supra¬ 
scapular artery' + it crosses in fiftint of the phrenic nerve and iht Skaleniis anterior, 
and in from nf the brachial plexus* and is covered hy the interna! jugular vein. 
Sternomaatoid and Pktyama. Tt crosses the fff>nr of the posterior tri^gle of the 
neck, lo reach the anterior inargiii of the Levmnr scapnte, ^vhcir it divides Into a 
superfidil and a deep branch. 
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The tuperjidal branch ascends deep to the ^interior part of the TnpeziiWp 
dEEtributing bnuichis to ft and ilitr ndghbourlnj^ muscles, and to the lymph nodes 
Lo the neck ; it anastomosee with the Euprrhdal branch of the ramus descendens of 
the occipital artery. 

The deep branch (fig. 706) passes under cover of the E^vator scapulae to the 
supetior angle of the scapula^ and then descends under cover of the Rhomboids 
aloc^g the medial border of the acapula as far as tlie inrerior angle of die bone. It 
supplies bianclieg to the Rhomboitfs^ Latissimus dorsi and Trapezius, and anasto¬ 
moses with the suprascapular and subscapular arteries, and with the posterior 
branches of some of the posleHor intert^tal arteries, 

PrcuHaTiiiet. —Fre-quently the superficial btutich oriflea direedy from the ihyrn- 
eenioil trunk and is then termed the iuprrficiai certicai arfery. In ih>s EVtnr+ the deep 
hnmeh piificti from the thiird, more rarely frorii the second, part of the subclavian (fig. 
704) anti is lermed tiw desfending scaf^uiar arlerx\ It usually passes between the upper 
and middle trunks of the brochiiLl plei^ut- 

4, The eoBtocervical trunk (fig. 701) arises from the back of the second part of 
the subclavhm arter>' on the right side^ but from the first pan of the artety on the 
left side. It ardics backwards above the cci%dcal pleura tn the neck of "the first 
rib, and divides into the superior uitercostal and deep cendcal arteries. 

The supertar mtercostaE artery descends^ behind the pleura Ln front of the 
necks of the first and second ribs, and anastomoses w'ith the third posterior inter¬ 
costal artery. As it crosses ihc nedk of the first rih it is medial to the ventral 
ramus of the fiml thoracic nerve, which it crotsse^i at a low^er level (fig. 701), and 
lateral to ihc first thoracic ganglion of the syrnpathetic trunk. In rhe Fiat intercostal 
space, it gives off the first posterior intercostal artery, which is distributed in a 
manner similar to the disiribulion of the lower posterior intercostalsH It then 
descends to beconic the second posterior intercostal artery and usually joins sviLh a 
branch from the third- "I'hc second posterior intorcrratal artery' Is not constant, but 
is more commonly found on the right side : w hen absent, its place is supplied by a 
branch from the aorta. 

The deep cervical artery (fig* 694) arises, in most cases, from the mstoccrvical 
trunk, and is analogous to the posterior branch of a posterior intercostal artery^! 
occasionally it is a sef^tc branch from the subclavian artery. Passing backwards 
above the eighth cervical nerve and between the transverse process of the seventh 
cervical vertebra and the neck of the first rib (sometimes betw een the trafts%^er^e 
processes of the sixth and seventh cen'ical vertebra:) it ascends on the back of the 
neck, between the Scmispinalcs capitis et cendcis, as high us the second cervical 
vertebra. It supplies the adjacent muscles, and anastomoses wiih the deep dirision 
of the descending branch of the occipital artery (p. 746) and with branches of the 
vertebral artery. It gives off a spinal twig w hich enters die vertebral canal through 
the foramen between the seventh cervied and first thoracic vertebrae. 

The Axii.i_a 

The axilla is a py^ramidal spacc^ situated between the upper part of the chest 
wall and the upper part of the medial side of the upper ann. 

The apex of the axilla is directed upwards low'ards the root of the neck, and cor¬ 
responds to the intctvul betw^etn the outer border of ihe fijxi rib, the superior 
border of the scapula and the posterior surface of the clavicle; through it the 
axillary vcssela and nerves enter the space from the neck. TJie base, directed down¬ 
wards, ia broad at the ch«t but narrow' and pointed at the arm it is formed by the 
skin and a thick layer of fascia, cermed the oxifiary fasda, extending between the 
lower border of Uie Pectorabs major in front, and the lower border of the Latissiimis 
dursi behind. The anferior mall is formed by the PectonaJea major ct minor, the 
former covering the whole of this wull, the latter only its central part The space 
betw^een the upper border of the Pectoralis minor and the claricle is occupied by the 
elavipceforat ftacia. The p^slrrier tca/f is formed by the Subscapularb aboi die 
Teres major and I^tissimus doffli below* On the medial side are the first four ribs 
With ihcit corresponding IntcrcckStal muscica, and the upper part of the SerraniB 
lifiterinr. On the iaferat side, where the anterior and posterior walls converge, the 
space is narrow'^ and is bounded by the humerus, the Corncobracliialis and the Hi^ps, 

The axilla containn the axillary vessels, the infraclavjcular part of the brachial 
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pkxuB of ncrvi^j viiih its brB.fiche3^ the lateral branchi^ of some of die intejxosm) 
neneSn^ and a large numberr of h-mph nnd^, logedter with a quantjt>- of fat and 
loose arcobr tissue. Tlir vessels and the brachial pLc.ilile of nerves run from 

the ape.'< lo the base along the lateral wall of the axilla ; they arc placed nearer to the 
anterior than to the posterior walh the axillary vein Uing to the thoracic side of the 
axillary artery and partially conceding it* Owing to tlie obliquity of the upper ribSi 
the neurovascular bundle, just after it emerges frcitn beneath the cla%iclc, crosses the 
first intercostal space. The relations of the structures comprising the bundle are 
therefore somewhat diRcrent in the upper portion of thu axilla from what tliey arc 
in the lower parts. The fhoracic branches of the axilUiy artery arc In contactWith 
the Pectoral muscles^ and along; the lower margin of the Pcctoialis minor the ktenU 
thoracic artery passes 10 the side of the thorax^ The stibscapukr vessels descend 
on the posterior W'all in contact iviih the low'er margin, of the Subscapularis^ and the 
subscapnlar nerves and the thoracodorsa! nerve {l<i !#aiii^imus ciorsi) cross the 
anterior surface of the muscle with different degrees of nbliquicy , the circumflex 
scapular vessels wind round the Lateral border of the scapula, and the pMSsicrior 
circumflex humeral vessels and the axiElarv' (cifeumtlc.x) nene curve backwards 
close to the surgic.'ul neck of the humerus. No ve$gel of any impHirtancc lies on the 
medial or thoracic side^ she upper part of the space being crossed merely by a few 
small branches from the superior thoracic arterVi The lung thoracic nerve (to 
Berratus anlErior) descends on the surface of the oiLlscle which it supplies j and the 
intcrcoatrihrachial nerve perforates the uppier and anterior part of this wull, and 
passes across the axilla to the medial side of the up| 5 er arm. 

The position and arrangement of the Ivmph nodes are described on p. 886- 

Apph^ Anaiomy\ —\^'hqn suppuration occurs in the axilU, the atrangement of the 
fascii^ pLavti a very important part in the direction which the pus rakes. As described 
on p. hi&n the clsvipeetpral fascis, after covering the space between the clavicle end the 
upper border of the Pectoral is minor, splits to enclose this muscle, and at its lower 
^rdei is incorporaied with the ludilary fasciq at the anlerior fold of the axilla* 
Suppuration rrmy take place either superficinl or deep to this layer of fascia ; that it, 
either between the Pectoral muscles or behind th* Pcctoralia minor; in the former 
case, the absccsi would point cither at the Iwrdcr of the anterior axillary fold, or in the 
groove between tlie Deltoid and the Pcctoralia major t in the latter, the pus would liave 
a lendencj^ to.iumound the vesscU and nerves, and ascend inio the neck, that being the 
direction in which there is least resistance. Its progress towards the surface is pre¬ 
vented by the axillary fascia : ila progress backwards, by the insertion of the Berratus 
anterior ; forwards, by the clsvi pectoral fascia ; medially., by the wall of the thorax i 
and laterally by the upper limb. The pus in these tasea* after extending into the neck^ 
has beco known to spread through the suFKrior opening of the choru into the 
mediastinum, Instances have been recorded where the pus found its way along the 
vessek into the upper arm, 

^V’hen an oxHliiry abscess is opem-dp the knife should be entered in the floor of the 
axilla, midway bciwern the anterior and posterior marginj ond neor the thorneje aide 
of the space So as to a\t>id the laterxl thoracic^ subscapuJoT, and ojdliajy vessels which 
are in contact respectively with the anterior* posterior and lateml walls of the 
ax Ilia. 

The reladc^ns of the vessels and nen'es in the several parts of the axilla arc impor¬ 
tant, for it is the universal pmcedure to remove the Lymph ntjdci from the axilla in 
operating for i^cer of the breasi. When such an Operation is performed, it is necessary 
to proceed w^ith much caution in the direction of the lateral wall and apex of the 
spscc, as here the axillary' ve^ls are in danger of t>eing wounded. 

The Axillaet AgTEgr (fig, 707} 

The ajdlioxy artety, the oondnuation of the subclavian artery,, begins at the 
outer border of the first rib. and ends at the lo%ver border of the Teres major, 
beyond which the artery takes the uaine of brachial. Its direction varies with the 
position of the limb ; thus the vessel is nearly straight when the arm Lfi directed at 
right angles with the trunk, concave upwards when the arm is elevated above the 
shoulder, and convex upwards and laterally when the arm lies by the side of the 
tnink. The first part of the artery is deeply situated, but its terminal part is super¬ 
ficial and is covered only by the skin and fasdx, *rhe Petlomhs minor crosses the 
vessel and divides it inti> three ponions; the first part is proximal, the second 
posterior, and the dnrd distal to the muscle. 

Reimions of the first part,— In fronts the first pan of the axillazy artery is 
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covered by tht fikift, superlid^l fascia, Pbtyama, gupradavicular nedeep fosda, 
clavicular fibres of the Pcctontlis tnajor and the davipcctOTaJ fstscia. This part of 
the artciy h crossed by the lutirraJ pectoral nerve* the loop of cofomurucalion be- 
twetrn it and the medial pectoral nerve* and by the thanico-acitifnial and cephahe 
veins. BMmif. the artery Is related to the first intercostal space and Hxiemal inter¬ 
costal muscle, the first and second digitations of the Scrmiiia anterior, the long 
thoracic nerve and medial pectoral nerve^ titid the medial cord of the brachial 
plexus. On the ItiUrai it is related to the kteral and postenor cords of the 
brachiiil plexus ; on the medtai to the axillary hy which it is oi'eHapped+ 


Fig. 707.—The rifht vulldiry utcry ind its branches. The PretaniLis majnr hte 
been renim ed wkI s purtinn of the PcctoraEU minor haa i^ei\ E^clied. 
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'fhe firm pan of the amry is enclosed, together with the axillary^ %'em and the brachial 
plexus, in a fibrotis sheath, termed the axtJIiAty shtaih^ continuouB above with the 
prevertebnil layer of the deep cervical fascia. 

ReUtions of the Becoiut part. In frons, tht second pum of the axillary arttiy^ 
is related to the akin* superficial and deep fascia, and the Pectoralis major and minor ; 
bfiirnd^ to the fwierior cord of the brachial pk-Kiis and Kunt areolar tissue, which 
inten^ene between it and the Subscapuljins ; on the wttdiai sfdtp 10 the axUlaty^ vein, 
separated from it by the medial cord of the brachial plexus and the medial pectoral 
nerve : un the iairrai nJr, to the lateral cord of the brachial plexus, which ^parate» 
it ftorri the Coracobrachialis muscle. T'he cords of the brachial plcxua thus sur¬ 
round die Accond part of the artery on three sides, and separate it from direct 
contact with the vein and adjacent musclGS. 

HelaiiorLs of the third part. - The third part of the axilkry artery extends from 
the lower border of die Pectoralis fninor to the kiwer b&rdcr of the Ttrts major. 
Its upper part is covered m by the lower part of the Pcctoralis major ; its lower 
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part by the skin ind fascia oiUy. SMad, it U nrlated to the [ow^^r part of the 
scapulana and the tendom of the f^iatlssimua dor&i and Teres ntajor. On it:^ laitriit 
side k the Gotaeobrachiali&r smd on Its ni^dinl siJr^ the axiUary vcitid The nerves of 
the bnirhial pEcxua bear tfie followin,^ relationj to this pan of the ancr>'; on lEie 
iat^rai sidi nre the lateral root and the trunk of the median^ and* for a shon distance^ 
the inii£culocutanet>LiB ^ on the JnWro/ the medial euiancoits nerve of the fore¬ 
arm lies between the oxtllary artery and vein anteriorly, and the ulnar oert^c between 
the artery and vein posteriorly ; medial cutanMus ner^c of the tipper arm ia on 
the medial side of the vein ; wi/mfli is the medial mot of the metiiati nenx^ and 
behind, the radial and axillar)' fiervc?, the latter only as far as the lower terdcr of 
the f^ubscapularis. 

Branches*— I. The superior thoracic artery (fig. 707) is a small vessel ^vhich 
arisEss fmm the first part of the axillary artcfy near the lower border of the Sub^ 
claviuA muscle^ btit it may take origin from the diaractt-acrnmial artery. Rtmntng 
forwards and medially above the upper border of the l^ectondis minor, ic passes 
l>etween it and the Pectomhs ntiijof 10 the side of the chtj^L It supplies branches to 
these muscles, and to the thoracic walh and aniistomosea with the internal thoracic 
and InterL'ostaL arteries. 

a. 'flic thoraeo-acrominl (acromtotboraeic) artery (fig. 707) h a short trunk 
which arises fmm the frrmt of the second pan of the axillary aner>^ ils origin lacing 
fwcrlapped by the upper edge of the Pectorails minor* Passing fonvards rounii the 
upper border of I his muscle, it pierces the davipecit>ni| faseta and dividet^ into four 
branches—^pectoral, acTfimial, clavicular and deltoid. 

The praarai hm»di descends lienveen iht two I Sectoral TiiuscJr tk. uitd is ditiiri huted 
to them and to ihc breast, anastomosing wjth I he inierccwful bratscheii of the internal 
thoracic artery and with the IntersI thomcie CErle^^^ The arr&niial hrwfdi rurps 
laterBlIy Q\'cr the cnracqid process and under the Oeltnid, to whiclii it gives bnifiches : 
it then pierces that muscle and ends fm the acromion, where it anaatomoses w'lth the 
branches of the Huproseapulnr, thoracti“Qcr(tmja:l and posterior crrcctnflev huttieml 
arteries. The dirrirtijar brandt runs upwanli and mediiiUy between the clavicular 
part of the Pectoral is major and the claHpednnjt I'aacia; it d^ci branches to the 
stemuclavicular Joint, and tn the Subebvms, The ddmd hmmh often ari-^'S 
with the acromial branch ; it crosses over the Poctoralis rtiinor and ruii» with 
the cepWic vein in the interval henvetn the Pectonilis mujnr and Deltoid^ giving 
branches to both muscles. 

3. Tlic lateral thoracic artery (fig* 707I follows the lower border of the 
Pectoruli& minor to the side of the chest, s^upplics the Serraius anicnor and the 
pectoral fnn^le:^, and sends branches to the axillary htnph nodes, and to the Sub- 
scapularis ; it atuslomoscs w ith the inicnial thoracic* subscapular, and intercostal 
arteries, and with the pectoral branch of the thoraco-acromiaE artery. In the female, 
the lateral thoracic artery is large, and gives off an fxtfmul mammufy hrandi. 
which turns rtitmd the lower Isorder of the PcctoraJis major and supplies the 
mamma. 

4, The subscapular artery' (fij;. 707) is the largest branch of the axillary ajtcr>^; 
usLiallv it arises at the lower i^rdi^r of the Subsj^pnlariB^ w hich it follow^ to the 
inferior angle of the scapula, w'hcre it anastomoses wdth the Isieral tlxjrscic and 
Intercostal arteries and with the dexp branch of the transverse ccrvioi! artery; 
finally it ends in the nejghbounng muscles and adjacent pan of tfic chest-w all In 
the lower part of ita course it is accornpanied by the nerve to the Liijssiftmsi dorsi ; 
about 4 cm. from its origin it gives off the drcumjltx sntpuiur tff/ery. 

The circumBcx scapular artery is generally larger than tlie continuation of the 
subiscapular. It cunxs round the lateral border of the scapula, traversing the tri¬ 
angular space between the Subscapularis above, the 'Ixns major below, ami the long 
head of the Triceps hitcrally (fig, 706): it enters the infrospEnoiia foina under cover 
of the Tervs minor, and gives utT two brandies : one {infmsi:iiptihr] enti:rs the sub- 
scapular fossa deep !o the 8iibscapnkria. which it supplies, and anastomoses with 
the suprasL-apular artery and the dwrp branch of the ininsvcnsc cervical artery ; the 
other is continued olcmg tIic lateral l>order of the scapula, lictwtxm the 1 eres imjor 
and the Terts minor, and a! the dnrsal surface of the inferior angle sinaswtuu^ w ith 
the deep hrandi of the transver^ cervical artery. In addition, sitial! branches are 
distributed lo the posterior part of the Ddlopd and the long hn^d ot ihc rricep^^ and 
anosUimuse with an ascending branch ol the arteria profunda hrachii. 
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5. The smt^ior Cifcumllcx bum era] artery ( %, 707) is a small arteiy 
which arises fram the laiieml side of the axillary arter>^ at the lo^^r border of the 
SubscaputaHs. k runs horizontaJIy, behit^d the Coracobrachialis and short head of 
the biceps^ in front of the surgical neck of the humerus. On reaching the inter- 
tubercular suJeus (bicipital groove), it gives otTa branch which ascends in it to supply 
the head of ihe humerus and the shoulder-joint. The artery is then cuntinued 
lateniUy under cover of tlie Ismg bead of the Biceps and the Deltoid, and anastotnoscs 
T^ ith the posterior draimflex humeral mcry. 

6. The posterior circumflex humeral artery (fig. 706) is considerably 
larger il\m the anterior, it arises from the third part of the axilJar>^ artery 
at the lower border of the Suhscapularia. and runs backwards with the axtk 
laiy neA'e through the quadrangular space, which b bounded by the Subac^pulariSp 
the capsule of the Bhoulder-joint and the 1 ’crcs minor shove, the Teres major 
below, the long head of the Triceps medially and the surgical neck of the humerus 
laterally, h winds round the neck of the humerus and distributes branches to 
the shoulder-joint, the Deltoid, the loirs major and minor, and the long and laicrai 
heads of the Triceps, and gives off a descending branch which anastomoses with 
the artcria pmfonda bmehii. It hJso annstomoses with the anterior circumAcx 
humeral, suprascapular and tlif^raco-acromjal arteries, 

Suifacr The axilldrs ttrtcry can be felt pulsating again^r the Istcml 

Wall 4;if the lower part of the axilla. Its upper partioii can be mapped out wltcn the 
arm '\s mifled to a rigbr angle with the cruhk, if the point of pulsatbn indicating 
the lower portion of tJie vrssel is joined to the midpoint of the lowrr border qf the 
clavicle. 

f^££u!uiritks .—Tlie branches of the axillary artery vary considerably in different 
subjects. One named afar ih^Tudct and frequently derived fmni the second pan of the 
ancry% ih cUatiibuted to the fat and the lymph nrMles in the axilla. OccaskinaJly tlic 
subscapular, circumllex humeral and profunda arteries arise hcim 1 common trunk, 
and vchtn this occurs the brandies of the hr^hisl plexus surround this trunk iruteod 
of the mftixi vewteh llic posterior circumflex hurtle ml artery may arise from the 
sneria profunda brachJj ^ it then passes backward? below the Teres major, mxtead of 
scciiimpanying the eutillary nerve through the quadrangular space. S^ctimes the 
axillary nttcry divides into the radial lUrd ulnar arteries, and occasionally if gives 
urigin to the anterior interosseous artery of the forearm, 

Appikil Aniitf>my .—Compression of the ■xfllar>’ artery may be required in the 
removid of tumoii ri, or in mpu tation of the upf^r psrt of the arm. 'Hie only situation 
in which compression can be effectually made is in the lower part of Its course : by 
prcssinit the nrteiy' against the humerus in this situation the nircvilotion may be 
artwted. 

With the exception of the popliteal, the axillary artery Is perhaps more frequently 
lacerated by riDlcni movements thEm any other anery in the body, parricukrly in those 
cs^s where its coats are diseased. It haj. oce^ionally been ruptured in attempts to 
reduce old dislocatkms of rhe shoulder-joint, esped^ly where the artery has ^come 
fixed to the capsule of the joint. 

Tue Bftvcttut Art^rv (figs. 70S* 709, 710) 

The brachial artery i* a conttnuaiJon of the axillaiy' artery . It begins zi the 
lower border of the tendon of the Teres major, runs down the arm, and ends about 
I cm, below the elbow-joint by dividing into radial and jiJnar arteries. At first it lira 
on the medial side of the humerus, but, Largely owing to the inclination of the 
humerus* ii gradual ly passed to thr fitmt of the upper am and is placed midway 
between the humeral epicondyles at the elbow. Its pupations can be felt in the 
groove medial to the Coracobrachialis and Bicep? muscles until It reaches Ute 
cubital fnssa* 

Relaiion^.—The artery- Ls superftLHal (liroughout its ontLrc extent, being covered 
with the skin and the saperficigl and dttp fasciie; tlie biclpjt^ aponcuroris 
li« in front of it opposite the elbow aud separates it from tEie median cubital vein; 
the median nen c crosses the artery from the lateral to the medial fide opposite the 
insertion of the Corscobraelualis, P^nirrioffy it lies at first on the long head of 
tilt rriceps* separated by the radial ncri'C and the profunda brachii arterv. It 
then lies aucccsaivcly on the medial h ead of the Triceps, the inserrion of the Coraco- 
brachialis* and the BtuchidisK lAtttratty^ 11 is in relation above with the median 
ncn'c and the CoracobrachiaiisT below with the Biceps.^^ the ttvo muscles overlapping 
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the ancry to some txt^t its upper half is in felation with the 

antebrachial cutaneous and tiltiaj- nen'ea, its lower half with the median nri^'e. The 
basilic vein lies on its medial aidet 


but Is separated from it in the lower 
part of the upper arm by the deep 
fascia. The artery h doacly accora- 
panied by two venae comitantesp 
which art connected at intervals by 
short tiansi erse branchesp 


Fto> 7 <^-—The rifthi hmchial ani-ry. 
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At ihc bend of the elbow the 
brachial artery sinks deeply into a 
triangular interval which is named 
the ^ital fossa. The base of the 
triangle is teprescntcd by a line 
connecting the two humeral epi- 
condyles; the aides are formed by 
the medial edge of the Brachio- 
radialis Bind the lateral margin of 
the Pronator teres: the floor con¬ 
sists of the Brachialis and Supinator. 

This fossa contains the icndtm of 
the Biceps, the terminal part of the 
brachial artery, and its accompany¬ 
ing veins, the origins of the mdial 
and ulnar aneries, and parts of the 
median and radial nerves. The 
brachial artery occupies the middle 
of the fossa, and divides opposite 
the neck of the radius inio die radial 
and ulnar arteries t it is covered, in 
frottf, by the akin, the aupcrfidal 
fascia, and the median cubital vein, 
the last being separated from the 
artery by the hidpiial aponeurosis. 

Beftiffd, the Brachialis separates it 
from the elbow-joint. The median 
nerve lies close to the medial side of 
the arteiy^ above, but is aeparaicd 
from its ulnar branch below' by the 
ulnar head of the Pronator teres. 

The tendon of the Biceps is lateral 

to the arten-^: the radial nerve rests upon the Supinator, and is conceded by the 
Brachioradialis. 


Pert£/mrirttr+—The bmchial Hncr>% accompjuiicd by the median nerve, may leave 
the medial border of the Biceps^ and descend tc^'ards the medtoJ epicondyle of the 
humerus ; in such cases it usuaJly posses behind a lupraco^dylar pr^cea of the 
humerus, from wkith a fibrous arcli is in moat eases thrown over the artery ; it then 
Ttuia behind or thiou^ the substance of the Pronator teres, to the bend of the elbow. 
TTiia vaEisrioti beats conaiderablc imdo|ry with the notmaJ condiuen of the artery In 
some of the comi^'ora, and haa been mentioned in the descripiion of rhe humerus 
(p^ 371). Occasiofully, the upper jMit of the artery splits into trunks which re¬ 
unite. Frequently it divides at s hiBher Ic^tI than usuah and tlte vessels concerned 
in this high divmon ate three viz. radial, ulnar and inlerosseouB arteries. Most 
frequently the radial is given off high up, the other limb of the division consisting of 
ihc ulnar and interosseous ; in some imiances the ulnar originates above the ordinary 
level p and the radial and inteToneouii form the other limb of the diviaicni ; occasionally 
the interosseous arises high up* 

.Sometimes longp slender vesseLsp termed vam ahrfTanlia, connect ihe brachial or 
the aKtllaiy artery with one or Other of the artedes of the Forearm. These vessels 
usually join the radial. 
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The briK^hiiil ertepr is Docasional^y ccmccskd in some ptn of its course, by muBcukr 
orccniimcxM^BUpsdcrivcdfTomilKCoim^bf^chiAlia* Biceps. BmchiiiLburPtonfttnrtcrra^ 


Fig. to^.^A wunwrsc mcwfi dipau^^h the %rm « the jynctiqn of the pTojUmj] 
wirb the mterm^cliittie one-thirJ of the humenu. 
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Ffu, 7 ip.^A ttfliwvene fiecUon thmiiuh the wm, s little bebw the midillc of the ihsft 

of the humcTu*. 



Bn»iich«. t.The pr^umte hmehu artery (fin*. 70S, 709. 71 jg a larKe vesiel 
which artae^ fttani the fncdisil 9Ad Ptatemr up^t df »he hmrkmi imefy. junt bcldW the 
lower hotder of the I rti:* mmor. Tt follows the rsdUl netxe ckisely. ninnint? at fim 
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backwards bttw’iccn rhe Itin^ and mL-diiil heada of the 'rriccpa, then alorm the riW^'ic 
fpr rhe T^dinl nerve where it m covcniHl bj the laierul head the 'rdceps- Rcpdiuiff 
the luteniJ aide of the anri, it dh'idca into t^vn d^scendinf; bnmehes (Jigr 714). The 
radial co/fai^al branch, which ia uauaBy tl« smiillcr, pierces the latcrml inrcrmuscuiaf 
ftrptun^ iviih the radial nerve^ nnd descends between the Braehinradialia aktd the 
Brachiahs to the front of the lateral cpicondylc of the hurneruB where it juiastoiiiases 
with the radial recurrent artery. Ajitiiher descendiiiK hnmch runs down tiehind the 
^aleral inTermiiWulnr 5cpt\iTn to the back of the Liieral cpicondyLe of the humerus^ 
where it anas romans with the inferipr ulnuf eallutcnil And the intemsKous recurrent 
arterieft. 

The profunda bmehii artery also auppUes (0) branchcii to the Deltoid and to the 
chrec hcadft of the Triceps^ (A) a bmneh which often springs frotn the precedinif and 
ascends hcrv^eeri the long and lafcral heads of the Triceps to anastomoBe with the 
posterior clrctimficx humctal ortety^ and {c} a collaterml iwip which descends m the 

Fig. 711.—A tramverte seedoo thitiu)di the arm, 2 cm. above the medial epicondyic 

of the humerus. 
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medial head of the Tiiccps with the Ror^'etothe Anconeus^ and takes part in the ansis* 
tomosis atMJVc the oLecranon. Sometimes the profunda brachii artery' supplies a 
luiirieni artrry to the humerus, which enters the bone bebrnd the deltoid iiiberoaitj» 

2. "nie nutrient artery of the hiuticrua antes usually about ilie Tnid<lle of the 
upper arm ; it enteta the nutrient canal near the inserfmn of the Coracobrnchialia^ 
and is ditected dnwnWurds. 

j. The superior utnar col lateral artery (%&. 7*8, 710, 712 j is a small vessd 
which arises from the brachial a little below the middle of the upper mtn ; it frei|urnt]y 
springs ftom the upper part of the artefia profutida brachii. It accompanies the ulnar 
nerve, piercer ihe medifil irttcrmuscuLir septum, descends bctivecn the medial cpi- 
cntidylc and the olecranon, and ends under cover of the Flexor carpi ulnaris hy 
anastomusEnij with the postcriot ulnar rccurrcni and inferior collafcTtil nrterieii. It 
Brimcdmes sends a hmneh in front of the medial t^icondyk, to itmsfcimoM; with the 
sntedor ulnar recurrent ortcry. 

4. The inferior ulnar coUateral (supratrochlear) artery (hgs. 7081 712, 713) 
arise* about s cm. above the elbuv. It pass^ mcdlaUy behind the median nerve upun 
the Brachial is jand, piercing the medial inu^rmiisculsr septum, winds round the back 
of ihf humerus hetw^cen the Triceps tmd the bunc^ forming, by its junctiim with the 
postetinr descending branch of ihe arteria profunda brachii, an amh uhove ihc ole¬ 
cranon As the vciiscl tics nn the llmchlaligH it ipv'es off bran.t:hes which descend 

in rrimt of the medial eptccndyle, to on^tccnose with the anterior ulnar recurrent 
artery. Behind the medial cpicondylc a branch nnastomoscs with the superior ulnar 
ci:K|]aieral and posterinr ulnar recurrent arteries. 
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5, Thit muBculHr brancbc^t lhifc€ or four iri mrc ^ii$tribiited to the 

CorwabrnchiB^ i$, Bicepfi and Snchialta. 

Applied Anatamy.^ln spite of the fact that the bradiiai artcjry *a very iupt^ci»l 
and but littJc protected by aurroundioif parn. it is seldom wounded,^ 
doubts Ls due to its situadiTn on the media] side of the upper amii which ta little 
eapo^^ to injury. 

CoenpressioQ of the brachial artery is required in case of amputaticin and some 
titl'xT f^rations in the upper aim and forearm, and may be effected in almoat imy 
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part of the Course of the artery. If prc^uic be nude in the upper part of the uppet 
armt tl ibouLd be directed laterally 1 tf in the tower part, backwards, oa the artery 
lies on the media] side of the huine^ above, and in front of it below. The most 
favourable situation is about the midtUr of the arm, wbete the artery Iks on the 
tendon of the CoTwrobrachiidis on the medial surface of the humema. 


Tire RADtAt, Atrratv (figs. 713, 714. 713) 

The ndial artery, though smaller than the ulnar artery, appears from its 
course, to be the mote direct conttnuation of the brachial tnmfc. It begina at the 
^vision of the bmchial, about i cm. below the bend of the elbow, and paues along 
the radial fide of the forearm to the wrist, where its pulsation tan readily he 
felt in the interval between the Flexor carpi radialU tendon medially and the 
salient lower part of the anterior border of the radius laterally. It then winds 
backwards, round the lateral ride of the carpus, under cover of the tendons of the 
Abductor poUicis longus and Eitcnsores pollicis brevis « longus, to the proximal 
end of the space between the first and second metacarpal bones, where it passes 
medially between the tvro heads of the first Dorsal interosseous musde;, into the 
palm of the hand; it crosses towards the ulnar ride of the palm, and fonru the 
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d«p palmar arch by uniting with the deep branch of the ulnar artery. The mdial 
artery b therefore divisible into three portioiiiS, one in the forcann^ a seoand at the 
wrbtt and a third in the handi 

Relations.^fn) Jjf rAe (figs* 713^ 714^ 715)^ the radial artery extends 

from the neck of the radiua to the front part of it» stvloid piocesst being placed to the 
medial aide of the shaft of the bone aboiit^p and in ircmt of ft beloiv^ Ita upper pan 


Fic. 713,—The right ndial nnd uLmir wtmta- Supei5cuil i3I»ectioci- 
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14 overlapped by the fleshy belly of the Brachioradialis; the re*t of the artep^ is 
covered o^y with the skin, and the supcrficml and deep fascia;. It Uca successively 
upon the tendon of the Biceps^ the Supinator^ the insertion of the Pronator icreSp the 
radial origin of the Flexor digitorum superficialisp the Flexor polUcb longos, the Pron¬ 
ator quadratus and the lower end of the radius. The Pronator terra is mediai, and 
the Brachioradialis lateral p to the upper onc-third of the artery; the tendon of the 
Flexor carpi radialis is medial^ and the tendon of the Brachioradiatis lateral to its 
low^cr twn-durds. 'Fhe radial ner\^e (euperficial branch) is dose to the lateral side of 
the middle ooe-third of the vessel; and some filaments of the lateral cutaneous 
nerve of the forearm run along the lower part of the artery as it winds round 
the wtiSL Throughout its course the vessel is accompanied by a pair of veiire 
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coniitoiitcs. Tile portion of the TTidial aftcfy which lies in ffont of ihc lower end 
of the radius und on the Utend side of the tendon of the Flexor carpi radlahs b u^cd 
clinically for observations on the pulse. 

(A) Af fhr UTiSt (figs. 716, yiSjt the radkl artery reached the dorsal aspect of the 
carpus by passing betiveen the lateral ligament of the wrist and the tctidons of the 
.\bdiiclor poLlicb Inngos anti Exicn^r pollicia brevis, h then crosses the scaphoid 
bone and the trapezium^ where \t& pulsations can readily be detected, and before 
dbuppcanng between the heads of the first Dorsal interos^tis muscle it is crossed 
by the tendon of the Extensor pollicia longus. In the imer\'id between the two 
Kxtensores potlicia it is crossed by the origin of the otrphalk vein, and by the digits! 
branches of the radial nerve which go to the thutnb and index finger, 

(f) In th hiind [fig. 715), the radial artery, having pas 3 ed throogh the proximal 
end of the first intcmsscous space, between the heads of the first Dorsal inticro&scoua 
muscle* runs transversely acm-ia the palm ; it lies at first deep to the oblitjue head of 


Fh3_ 71^—a tmntverw section thioaah the fammi it ihc level of the rsdfal 

tubero&ity. 

rttm 

(inl mUrw 


n. 


the Adductor pollkisj then rune beiwceti the oblique and transverse heads, or 
ihmugh the transverse head, of tliaS muscle. At the base cjf the fifth metacnipal 
htme it anaalomoBes with the deep branch itom the tiltuu artery ^ and so completes 
the i/erp paimdr arch (fig. 715 )h 

PrctiNarificr.^ln about 12 per cent, of ^ubjccia the i:>dgin a( the radial orEery It 
higher than li^tial ; it then ariae* mere often from ihe axilkry or upper part of the 
brachial artery thin from the lower part of the latter ve^l. In the forearm it some- 
timw lies on the deep fascia uisteed of beneath it; in turning round the wrist, it 
occaskindlly lies on, imtead of deep m, the egetensor tendons of the thumb. 

Branches.—The radial rwurrent Miery (figs. 71 i* 715) arise* immediately 
below the elbow, [t passes betwiecn me ntdial nerve and it* pofiteHor inrcmsseoui 
branch and, ascench under cover of the Brachiomdialk, lying on the Supirunor and 
Brachialis | it aupplica there muscles and the elbow-joint, and onaatornom with the 
descending brinch of the artcria profunda brachii. 

The muscular branches m distributed to the rnuseks on the radial side of ihc 
foreami. 

The palmar carpal bnmeb (fig, 715) is a snmll vessel which arises near the lower 
border of the Pronator quodratus, and* running medblly across the palmar surface 
of the c^us, muistiitiicrtfti under cover of the fiexor tendnnB widi the palmar carpal 
hnincli of the uimr artery. This anostomosiB is jomed by * branch finni the anterior 
interosseous artery, and by c^utrent bratichei from the deep palmar arch, thm form^ 
ing a pahmir carpid etrrA^ which luppli^ the aftic-ulatioas of the wrist md carpus, 

The superficial palmar branch (fig. 719) arises from the radial artery where xhis 
vtarel is aboul to w ind round the ktenil side uf ihc wrisiu li passes through. occasEon- 
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illy the miuclu of the ball of the chumb* which it lUtd somecitncf 

anaitcvmoscs with the terniinal pottiqfi of the ulw utery, oompiedng the lupejriidel 
palmer erch^ 

FlC, 715.—^Tbe artme* of the ri£ht fomnn end hsnd. Deep diueetion. 
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The dowl carpal biuooh 71^) is ■ smalt vessel which ehsea deep m ihe 
extensor tcndoni of the thumh, aiid« tunning medially across the dorsal aurfoce of 
the carpus under cower of the extensor tendon*, jtiiartonioses w^ith the dorsal carpal 
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branch af ihc ulnar arter^'p and wiih the anteHor and posterior irUeJtJiscous artEiries, to 
form a dursal arrp^ fl/rA. Arising fmm this arch, three akndar dortaJ tmrnciirpaJ 
arieri^t descend on the second^ third and fourth Dorsal inierosseotra niur$e]ef and 
bifurcate into dorsai digital branches for the supply of the adjacent $idcd of ihe indox^ 
middle^ ring and little fingers ; theyanssfoTnosO vdlh the palmar distal branches of the 
luperficial pdmiir arch; ncm- their nrigitui diey anastomose with the deep palmar 
arch by the fir^ximof paft^r^tinji arfer/erp and. near their pointa of bifurcation^ with the 
palmar digitn] ve$^l9 ol tlje superficial palmar arch by the distal pejforauifg 

The fir*l dorsal metacarpal artery (fig. 71^) HiisesJuSt before the radial artery 
paws between the two heads af iJte first Dorsal interosseous muscle, and divides 
almost tmtnediately tnto two branches^ which supply the adjacent sides of the thutoh 
and indei finger; the radial side of the thumb receives a branch dintctly frewn the 
radial artery^ 

iTic orferra princeps poLlicis (fig, 715) arises fiCini the nidial arret^' a$ it Tumft 
mediallyH nu gaining the pabi ; it deacerid$ on the palmar aspect of the first metacarpof 
hone under cover the oblique heed of the Ailductur pollicis and lateral to the first 
palmar internssequs rnuscle. At the base of the ptcndmal phnlanst. where it lies deep in 
the tendoii of the Flexor poliJds Eengus^ it divides into two bnuichea. Hiesc make 
their appearance between the medial and kterul imertlnns of the oblique head of the 
Adductor pollicJs^ and run along the aidea of ilic tliumb, formingp on tiic palmar surface 
of the distal phalnmt, an mch from which branches arc dismbuted to the akin and 
subcuraneoLLS tissue of the thumbs 

ITc arteria radialis Indicia (figs, 715^ Jty-), which frequently arises froin the 
proximal part of the Dneria princeps poJliciSt descends between the first Dorsal intcr- 
osseoua and the transverse head of the Adductor pnllJcJs, and runs along the lateral 
side of the lndc% finger to ita extremity ^ it aimstonio«es with the drgitiil artery sup¬ 
plying the medial side of ihe finger. At the distal border of the transverse head of 
the Adductor pollicjs ihis vessel anasiomoses with the aneria pHneepa pollitls^ and 
gives a communicating branch to the superficial palmer etch. 

llic Hjiena princeps pHiPicb and arterJa radiatis indicia may spring from a common 
trunkp which rs often named the firsi palmar mi^fatarpal arttry\ 

The deep palmar arch (%. 715) is formed by the anAstumosia of the tetrninal 
pan of the rJiliu] an cry w ith ihc deep palmar branch of the uliior arterv .. h Wta 
upon the proxitnal ends of the nictacorpaJ bones and on the Iniem^^i, and h covered 
by the oblique head the Adductor pollicis, the llcxor tendons of the fingers and the 
Lumbrical muscles. In ils concavity, hut running towards the lateral side of the 
hand» is the deep branch of the ulnar nctn^e. 

Surfai^f —TTie deep palmar mteh Can be represented by a KotiKontal 

line abuut 4 cm. long drawn from a point just disul to the hook of ihe hamate bone ; 
it lies aboyt r cm. pToximal to the aupcrficial arch (fig. 720). 

The branches of the deep palmar arch are : palmar metacarpah pi^i^oniting and 
fecurrcni- 

The palmar metacarpal ailertcs (fig, 715), three in number, arise from ihe 
convexity of the deep palmar arch; they run discoliy upon the f ntcrossei of the 
second, third and fourth spaces, and, at the clcf^ of the fingers, join the digital 
branches of the superfidal palmar arch. 

The pcrforatifig branches* three in number, pass dorsally from the dewp 
palmar arch, through the second, third and fourth interosseous spaces and behveen 
the heads of tlw corresponding EMrsal ifiterosseous muscles, to anastomose with the 
dorsal metacarpal arteries* 

The recurraai brannhea (fig* 715) arise from the concavity of the deep palmar 
arch ; they ascend in front of the wrist, supply the imcrcarpal articulations, and end 
in the palmar carpal arch* 

The Ahterv (figs* 713-719) 

TTie ulnar artery^ the Sara;tr of the two tenniEial branches of the brachial artery* 
bqrins opposite to the neck of the radius, about i cm. below the bend of the clbow^ 
and, paaaing downwards and medially* reaches the medial aide of the forearm at a 
point about midMuy bettveen the elbow- and the wrkt. It then runs ajong the medial 
side of the forearm to the wrist, and crosses the flexot retinaculum on the lateral 
tide of the ulnar nen'e, and the pisiform bone. Immediately beyond this bone it 
giveft off a deep branch, and is then conlinucd tert)^ the palm under the name of the 
supcrfidid palmar arch* 
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Relaiions.—(d) Itt tiu forearm.—The upper half of the vessel ffig*. 713, 7r4, 
713) is tlceply flcaicd, psssitig oblitjuely undef cover of the Fromtor teeffl, Flexor 
carpi rsdialis, FoLdiarts longus anci Flexor digitorufn supcrfinilis to the rncdiol side of 
the forearm* where ii is overiapped by the Flexor carpi idjjaris; it lies upon the 
BrachiaUs and the Flexor digitorum profundus. Below the elbow the median nerv'e 
is oti the medial siilc of the arte ly for about i'5 then crosses the vessel* but 

is separated from it by the ulnar head of the Prona tor teres. The half of the 
vessel (figs- 71 719) lies upon the Flexor digiiorum profundus ; it is cay^rtd by the 

ski Hi superficial and deep fasciHr^ and is placed between the Flexor carpi ulnaris and 
Flexor digitonim eupefficiajia, ^ ^ 

It is accompamed by two vena: eomitanics^ and is overlapped in its Tniddic one- 
third hy the Flesot carpi ulnaris \ the nlnar nenx lies close m the medial side of the 
lower Cwo-ikirds of the artery^ and the palmar cutaneous branch of this nerx'c 
descends on the lower part of tlic vessel to the palm of the hand^ 


Fio. A tiUDnme wetipn through the left wrian i^uperior aspect. 
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Thr sceCum ii EliHhily ohlit]iie n-nd divide* the dutal row df th? cajpua, -110 J I he 
bfifei- of the firatj secotiii ificl third itHTtacaffttl bofiea- The Bm^RerriCTit' 01 
the tendons ol the flexpi* of the fingera fho^n in ihe hffurx: ii hot di;tBrmnmitic 
ljuf represenrf iht netUM’t condition it this EevcI. Otwerre that ihe carpo- 
tnelBcaipid joint of the thumb abut olf fmtn the >Dtdl between the trapezium 
imd the baM of the se^aul rrtetiicBjpal bone. 


(h) Ai the wriii (figs. 715. 716* 719) the ulnar artety is covered by the skin and 
fascia: and the Ralmaris bre™ musekp and lies between the aupcrfidal iand the main 
part of the flexor retinaculum (p+ ^41 )■ The ulnar nerve and the pisiform bone arc 
on its medial side. 

Surf^ne Anatomy .—The vessel commences in the middle of tlw Limb opposite the 
neck of the radhis. From tbb point the upper port poxses ro a point at the junction ol 
the upper and middle thirds of a line drawn from the base of the medial eptcondyle 
of the humerus to the lateral edge of the pbifottn bone ^ ihia line ovcriks the lower 
mo-thirda of the ulnaf aiteryv 

PccidiaAtif^^ —The ulnsr arter>' viuies In its orifftn in about M per ccri. of cases ; 
it frequently aiisea above the elhow, the brachial being more often the source of ongin 
than the axillary. Wb^ its origin k nOTtnal, the course of the ^'csscl ii rarely changed. 
When the artery arirea high up» h ia usually superfidaJ to the flexor muscles in the 
forearm^ lying commonly beneath the fascta+ more rarely between the fascia and 
ekin: die brachial artery then gives off the common interoweoiis arteryi and the 
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biTCr* ihii Jintenor and poittrior ulnar ircxirrent arteries, OccasiunaLly it h swb- 
cutincniui in the upper p*rt of ihe fore^i, unci £LibfttJ.cki in the hjfwcr piuT. 

Branches,—The anieriur ulnar recurreui artery 71a, yaoj, a sniall brBiidt. 

Eiri^ iftiniciliaicly b^Uf« the ^uru up>varJ» UMTi'ccn the Brochklss anil 

Prnnatur teres, supplies twi^ tu those muscles, and. in frcini of ihc medial epicondylc, 
anastomoses the uinar calbitcTal aticricK. 

'^I'hjc posterior ulnar recurrent arlery (tips. 71 a. 7su> is much larKtr^ and arises 
somewhat lower than the mticriur artery. It pas:Scs backwards ami medially on the 
Flexor di«iuuum pfufkindua, behind the Flexor digitorum superficiaJU, and asLctuk 
behind the medial epictmdylc «f the humems. In the intert'ai benvetm this pmetss 
and tiir iilecranun, it lie? deep tu ihr Flexor carpi ulnaria^ and ascendft hetw^^en the 
iwc heads of this musek, in i-ontact w ith the ulmir nenc i ir supplies the ncighboutioe 
muscles and the elbow-joitil, and amtstumoses w^ith the ulnar ocilkteral, and the 
intemisrous recurfcnt arteries {fig- 713). 

The common Interosseoiis ancryi' (fig. ” 1 %}* about 1 cm,, in lengthy arises 
immediately below the tuhenf^Lty of the nadiua, and^ psissing backwards to the upper 
Kirtlcr of ihc intcros$cous membrane of the forearm^ divides into tivn branches, 
termed the nAfrtiftr and ptjjt/rwr intrrusirmf or/rriVr. 

I'lG. 717-—tmuiversK seCtioil throuith the middle of the h]ri!:!smii. 
lUidial 
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‘ITic anterior inlerosseous arter)- (tig?, 715, 71 3 ) descencU on the anterior 
Rtirfacc of the mieri:3asf?fnLK numihranc of the forcami, accompanied by the antefior 
interosseous branch of the median ne^vc^ and overlapped by tlie conti^ous tnargiils 
nf the Flcsor digitoruni pro fundus and Flexor polJid» longus ; it gives olf mujOilur 
branches, and the nutrirnf arteries of the radius and ulna. At the upper border of the 
l^ronator ijuadnitus ii pierces the intem^seoLis mcifthranc and reaches ihe back of 
the fcircsirm, where it anastomr^scii vrilh the poBtcriur intetosscoosartcn' and descends 
on the bach of the wrist in the campartnicnt ol the extemor retiiistuium conuaning 
the tendons of the Exteiisi^r digitorum and Extensur indicis, and joins the dorsal 
carpal arch. Refore the artery pierces the inteiosseous membrane, ii sends a branch 
dow'nward^ behind the Pronator quadratus to pm the interior carpal arch. 'Vht 
arltna mriitwra, a long, sletider brunchp arises from the heginning of the imteriLJr 
intcrosseoLis artery, and iccompantes the rnedian nenc closely. Sometimes it b 
much cnkfgcd and runs with the rtcr^c into the pahn of the hand (p, where it 
may join the luperiicbl palmar arch or cmi as one or tw o of the pabnar digital arteries. 

'I hc posterior tmcTosseous artery^ ffigs. 715, 71S). tt&ually smalleir than the 
anieritir iniemssc^iu^ artery, passes backwards bciweefi the oblique cord and the 
upper border of the antebrachLil interossefuis rnembrane.i It ap|>ears on the back 
of tlie forearm belwccn the contiguous borders of the Supinator and the Abductor 
pnlllcis longusp .nnd descends between the ^upcrbcial and deep layers of niusclea, in 
bath of whidi ii distributes branches As It lies upon the Abdiuinor polliccs longua^ 
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h is accompadicd by ibc posterior InLerosseoud i\er\‘c. At the lower part of the fore- 
arm it anasiomoscs with the termination of the anterior intcro.-seouB artery^ anti with 
the domi carpal arch. It gtvts off+ near iia origin, the I'n/^roneoJii rratrreni 
artrry, which ascends to the intOTiil bciwecn the Uienil epicondyk and olecranon» 


Fio, 7tS.—^rtw arterial of ihc postrrkir Kuifiace of the 
riaht ffiKami and hand. 
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on or through the fibres of the Supinator, but deep to the Ancemeus^ and unastomfraes 
with the persterior descending branch of the niteria profunda brachii^ and with the 
posterior ulnar recurrent and the utnar culiatcnd arteries. 

muscular branches of ihe ulnar anery are diatrihuted to the mnaeles along 
ihc ulnar si de of the fonrami. 
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The palftur caipai branch (fig. 715) n i amaU vessel which emsses the frotit of 
the carpus b^nd the tendons of the Flestor digitorum pttjfimdus * it ftnasiomoiei 
with the pnlnmT ciirpil branch of the radial nrteryt md assista in fonninK the 
palmar carpal ■Jth tp^ 7^h 


Fic- 719.—^Tbe fuperfiaaj palmar at^ and ht branches. A pinl of the Abdoctur 
pqliicu hrevis luuack \m been cxcnctl in order to mpaac complelely the supcr+ 
palmar branch of the radial mcx>% 
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The doruJ carpal branch fhg* 7tS> oriMs intmediatdy above the pisifomi 
bofic, and winds bacIcHards discp to the tendon of the Flexor carpi ulnuris ; it pasaea 
kteraJly acrow the dorao! surface of the carpus under cover of the cxtcmor tendons 
anistomow= with the dorsal carpd bnuich of the radial artery^ *ncl assiits in forming 
the doraal carpal arch fp. 785)^ Near to Its origin tt gives off a jtnall brajich which 
ftJM along the ulnar side of the fifth metacarpal bone, and supplies the ulnar side of 
the dorsal surface of the little finger^ 
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llie deep branch 715+719) passes between the Abductor digid minimi and 
Flexor digiti minlnii+ and through or deep to the origifi of the Opponens digiti 
minimi + it ana^toino^cs with the radial arterv^ and compLctea the d«p palmar 
arch; it is Bcccmpanied by the deep branch of the ulnar nerv'e. 

The superficial palmar arch (fig. 719) is formed mainly by the ulnar artery, 
which enters the hand with the nlnar ticrvc in front of Che flexor retinaculiim+ and 
on the lateral side of Che pisiform bone, ft then crosses the hook of the hamate 
and passes across the palm, fonning the superfickl palmar arch, the convexity 
of which is dtrected towards the fingers, and ta placed st the kvd of a line drawn 
across the hand from the distal border of the root of the extended thumb. The 
arch IS usually completed by a branch of the arteria radialis indiriii, but often 
by the superfidal palmar branch of the tadid artery or a branch of the aiteiia 
princeps pollicts. It is covered bv 

the palmaris brevis and the palmar — l^e pirn of the left hand, the 

_ A _PL poffjtHmK of the skin ciieaset unci th^ bonfs, dud 

aponeurosis, and lies on die Flexor for thr pdnt.r sreh«. 

digiti minimi, the branches of the 
median nerve^ the flexor tendons 
and the Lumbricalsu 

Branches.—'Three palmar 
digital an eri ca (fig. 719) arise 
from the convexity of the Super¬ 
ficial palmar arch and proceed 
distally on the second^ thirti 
and fourth Lumbricab. Each i? 
joined by the corresponding palmar 
metacarpal arter>' from the deep 
palmar arch, and then divides into 
a pair of vessels, which run along 
the contiguoii^i sides of the index, 
middle, ring and little 
doraal to the correspondlni 
nerves ■ tbc}' anastomo^ 

Ln the subcutaneous tissi__ 

finger tips and by smaller brancha 
hear the interphaLangeal join 
Each gives ofT two dors^ bnincke»p 
which anastomose witit the dorsal 
digital arteries, and supply the soft 
parts on the bade of the middle 
and distal phalanges+ including the 
matrix of the finger-nail. The 
palmar digital artery for the 
media) side of the little finger 
springs from the arch under cover 
of the Palmaris brevis* 

A free anastomosis takes place 
between the radial and ulnar ar¬ 
teries, (tf) on the front and hack 

of the wrist through the palmar and dorsal carpal arches^ and (A) in the liand 
through the superacial and deep palmar arches, and their digital and metacarpal 


branches. 


AppHtil .dnuromy.—In wounds of the palmar arches u is useless to lij^ature one of 
the artcrio of the forcsnti alone, and siniulumeoua ygaiurc of botli radial end ulnar 
HTteries above the wrisi is often unsuccessful, on account of the unastornosi* carried on 
bv the carpal networks, “^nierefoTCT upon the failure of ptesaure to arrest hmmniThage, 
it is expedient, if the ends of the bleeding vessel cannot readily be exposed and tied, 
to apply a ligature to the bracltiDl artety. 
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THK ARTERIES OF THE I’RUXK 

Tuk Aokta 

ITie descending anrU is di^-ided into tivn portions, thuracir and abdomfnai, 
in corrcsiK>ndcni;c wiiii the Iwo great cavities in nhidi it is situated. 


The Thorach; Aorta (iigs- 721, 115S) 

Tile thoTicic aorta ii comained Ln the posterior mtdiastijiiini. It begins at the 
lower ttorder olTht fourth thomcic vertebrn, where it U cotitinuoiia with the aortic 


F|a. 7at.^T7ie iefr <ide of the roedtftitmimi. The left Jtmj anj pleuni hini* heert 
removed, lUid im cactenftive opening has been msde into ihe nericardiel mc to 
ficp<j 4 e Ehn Itmn. 
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8 «b (P- 7 JiO. *" border of the twelfth thoracic vertebra 

at the aortic hiatus in the Diaphragm. At its orifiin it iasltiiaitd on the left nf the 
vertebnit column ; u it descends it approaches the median plnne, and at its icrmina- 
tton lies in frunl of ihc column. 

RelHtions.—It is in relation, mUn'orly, from abrive downwards, with the root of 
the left lung, the pericardium—which separates it from the left atrium— the nso- 
phflgua and the Diaphragm ; pof(marfy, with the vertehraJ poJumn and the hemia- 
lygos veins f *hr rig/it tidf, with the azygos vein and thoracic duct and, in the 
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lawrr p^rt of its course* with the right pleura and lung; on rhe fidi', mth the 
kfl pk-ura and lung. *rhe a-sophmgti^, with its accompanying plexus of nen'es* lies 
on the fight side of the aorta above ; but at the lower part of the thorax it is jiilacid in 
front of the vc^l, and* dust- to the Diaphragm, is placed aoieriorly and to iia left side. 

Strr/aff ^Tnflionij'.^-The VL-S5c:l tfun be rcpreacntcd by u bimd 3'5 cm. broad 
extending from the sferiuij! end of the sencond lefi co.huiI c^rtiiage ro a poini in the 
mediuo plflnt 5 cm, above the tnuifipyloHc plane (p, 1398). 

TJic thoracic aorta gives off risfrrfiihnttfchf ji in the pericardiuni, lungs, bionchi, 
and reifophagos^ and pfirirtal hr^mfhfi to the walls of the thoracic cavitv» 

Tiie pericardUl br»tiches cotasisl of a few vessels which are distributed 
to the posterior surface of the pericardium. 

'Fhe bronchia] aiicries vary in numlicr. size and origin, Tliere iis aa a rule 
one right bronchUi »rtciy, which arises from the third posterior intercostal 
urtery\ or from the tipper tefi bronchial artery. It runs on the posterior sur¬ 
face of the rigJit branchuSp dividing and subdividing along the bmnehial tubes;^ 
Supplying ihem^ the areolar tissue of the lung and ibe bronchopulmonarv Jvmph 
nodes t it abo sends branches to the pcricardiuTn and the ^esophagus. 'I'he left 
bronchial arteries, usually two in number, arise from the thoracic aorta, the upper 
opposite the fifth tltoradc vertehnip and the lower just hciniv the left bronchus, 
n^hey run cm the posterior surface nf the left bronchus and have a distribution 
similar to that of the right bronchial artery'. 

The Ccsophngea] arteries^ four or five in number^ arisw; ffom the front of the 
aortii, and pass obliquely dmvmvards in the w^ophagus; on this titcy form a 
vascular chain, which anastomoses above witli the tc^pljagcal liranchcs of the 
inferior thyroid arterieSi lUid belu^v with ascending branches irtuti ihc left phrenic 
and left gasErrc sirEcrieSi 

The mediaslinal branches are numerous small ^'easels which supply the lymph 
nodes and the areolar tissue in the postcrit5r mediustinum. 

'Phe phrenic branches are small, and arise fnjm the lower pari of the thoracic 
□ortii; they are distributed to the posterior part of the upper surface of the Dia¬ 
phragm, and anastomose with the muftculophrentc and pericardii&cophrcnic arteries. 

The |iosterio-r Intercostal arteries, —There are usually nine paint of posterior 
mtercostflJ arteries derived from tlie thoracic aorta. 'Fhey arise from the back 
of the vessel, and are distributed to the lower nine iniercostal spaces* the tlrai 
and secuttd spaces being supplied by thv stlpcrior intercostal artery [p^ -74). The 
ri^/f/ posterior inicrcdsuil arteries are longer than the left, on account of the position 
ot li^e a-nrtn on the Ic/t side of the vertcbrstl column ; they cross the bodies of the 
vertchnt behind the tiMplmgu^, thoracic duct and vena azygos^ and are covered 
by the right lung and pleura. 'Hit: p^jjiieriaf intercostal arteries run back¬ 

wards on the sides ot the %'crtebr^ and are covered by the left lung and pleura; 
the upper two vessels are crossed by the left su|>erior intercostal vein, the lower 
vessels by the hemiazygos veins. The further coiinve uf the p<»stcrior intercottal 
arterits is practically the same on both sides, Oppi>sitc the heads of the ribst the 
sympathetic inittfc passes downwards in front of them, and the splanchnic ncrvxs 
also descend in front of the lower arteries, 

Eacl^ artery (fig. 721} crosses its inicreosial space obliquely towards I he angle of 
the upper rib, an^J thence is continued forward In the casial groove^ h is placed at 
lirst Dctw'cen the plcum and the internal (pnsteri{>r) intercostal membrane, as far as 
ibe angle of the rib ; from this onw'ard it runs between the Internal intero>stal and 
the Entcrcostalis intimus intiscle (p, 5S3), and anastomoses in front with the anterior 
ititcrcostEil branch of the internal tlioradc (intemai mammary') or musculo-phrenic 
artery, liach artery' is accompanied by a vein and a nenx, the former being above 
and the latter lieJow the artery ^ except in the upper spaces^ wlu-re the nerv'c is at 
first above iHc artery. The third posterior imercosial artery anastnmoarit with the 
superior intcrcosuil artery^ and may form tJic chief supply of the sccunif intercostal 
space. ITie lower two posterior intereostal ancrics are conrinued anttriuriy from 
the intercostal spaces inio the abdominal wall and anastomose with the subcostal, 
superior epigofitric md lumbar arteries. 

Each posterior intercostal artery givw off a number of bntnehes- 

7 'hc dorsal branch runs backwards through a space which is bounded above 
and hclow' by the ueckx of the ribs, rnediaUy by the body of a vertebra, and bienUly 
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bv a sujHrridr cosioitan&ver^s^? ligament. It gi%^es off ^ tfima! bramh, Vrhich enters the 
vertebral canal through the imcn^crtcbnil faramen, and ia dtstribuicd tn the %Trt€- 
bnE and id the spinal cord and its membranes, anaatomdsing witli the spinal arteries 
above and beldtv and ^\ith the artery’* of the opposite side. The dorsal branch 
ihen courses over the transverse process xvitli the dorsal ramds (posterior primaryi' 
ramus) of (btr thuntcic nerve, supplied offshmits in tlie museleni of the back, and a 
cutuneotis u hich accompanies the cutaneous branch ut the dursai rarrms of the 
nerve- 

The cdUAleral intercostal branch comes nfT die posterior Intercostal artery near 
ihc angle of the ribr and descends to the upper border of the rib below, along which il 
courses to ftfiiutomose with on ifitercostal branch of the initmul thimicic or museulo- 
phrenic artery, 'I’bc collateral branches of the lower two vessels are sometimes 
absent; if pmeiik^ they are $trLEll and end in tho abdominal muscles. 

Muscular bmnehea ore given to the Intetxofital iind l^ccioraJ rrLiLii;clt:s and to the 
Berratus anterior ; they anu^toriiiw with the aupfrior and li^tcral thoracic branches of 
the iucilkry artery. 

The lateral cutaneous branches acctimpany the luleral cutaneous bninc:bcs of the 
thoracic nervea. 

Mammary branches am given off by the vessels in the second, third and founh 
gpacc? ^ dicy increase considerably in sioe during the period of lactation. 

The righi bronchial artery may arifte from the right third poBterior inicfioatid 
anciy (p. 7<>lh 

/ippUrd .■inalenry*'—The position of the posterior intcrccutal vessels should be 
borne in mind in pcrformmg the operation of paracentesia tlioracis, llic puncture 
should never he made nearer the posterior median line than the angle of the rib^ oji the 
artery crosses die space medial to this point. In the laierai portion of the chesty 
where the punctum is usually made, the artery^ lies at the upper part of ihe iniercostal 
■pace, and ihcrefone the puilctui^ should be rnade just above the upper border of the 
rib formitiR the lower bound arv- of the space. 

Tbc subcostal arteries^ the last pair of iirteries ariainj^ from the thoracic 
aorta+ arc tn series with the poBterior intercostal arteries, but are named suprt^stal 
because they arc arluated below the tw^clfth rib. Each artery run^ Jaicrally over 
the body of the tw^clflh thoracic vertebra, and behind the splanchnic nerv'^, the 
gangliaied trunk of tlie sympathcrie^. the pleura and the Diaphragm. I'he right 
artery* also passes behind the thoracic duct and the vena azygos, and the left behind 
the inferior hemiazygos vein. Each artCTy then entcra the abdomen under cover of 
the lateral arcuate ligament^ and courses with the twelfth thoracic ncn'c along the 
lower border of tbc twelfth rib+ anterior to the Quadratiis lumborum and posterior 
to the kidney. The right artery runs behind the ascending and the left behind the 
descending, colon. Each artery then pierces the aponeufosts of origin of the I'rans- 
versus abdominis, and, passing forward between this muscle and the Obliquus 
Lntemus, anastomoses with the superior cpigastrici loiver posterior intercostal and 
lumbar arteries. Fjich subcostal artery' gi^cs off a dorsal branch, which is dig- 
iributcd like the dorsal branch of a posterior intercostal artery. 

A small Bberrant artery is sometimes found arising from the right side of the 
thoracic anm near the origin of the right bronchial Et passes upwards and to the 
right behind the trachea and ihe <rs4;)|}hagus^ and may anastomose with the right 
superior mU:raoftlal artery". It repreaenis the femsina qf the riRhi dursal aorta (p. 170), 
and in u smaH proporrion of cases is enlarged to form the first part of the right gub* 
clavion artery (p. 733). 

The lumen of the aorta is occasionally found to be partly or com¬ 
pletely obliterated, tither at the anrtie istlimusi, or dose to the point w'hero the ductus 
arteriofui opens inio it. Thii condition ta known as of dft ofirltt. It may 

be cither congenital or acquired. In the former case the infant usually dies ac or soon 
after birth. ^\'ben inquired, it ii apparently due to m abnormal extension of the 
peculiar rissuc of the ductus into the aonic wall giving rise to a s^ultaTwotia atenogis 
qf both vcweli as it ennfracta after birth. This fottn qf coarctation is compgtibEe with 
many of normal Life, and leads to the establishment of an eje tensive collateral 
ciTcalation to carry blorxJ to the aorta immediate ty beli:m' the stenosES^ 

Modem surgical mcthiHia have made it pc^thk to explore ihe arch of the norts 
rtod in cases of crairtrtaiion nn obKtCntied Bcciirm of the vessel may he removrd and 
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T^plflccil by im aneridt llic extnrnii'^ ^-^liSculaHty of the %vlsalt rhoracic w-aW is 

an i mptiTiiUiLr featurt for n'luny artcricii which intlin^ctJy frcmi fbc BE>rTJ» alcove 

its CKbliienited rwjrtjon, annatomose witii vessels connected with the aorta below the 
ub]iteration and the ctsnntctin^ channels I'Ks.-ojne sni^aTly cnlarp^t'd. In the anicrior 
thoracic wall the thriractHaciomial, lairral thoracic tmd the subgcapular arteries from 
the aaJtlarj" and ihc suprascapular from the Butw;! avian and the first and second posterior 
intercusia'l aneries from the csMUraaervieel trunk anastomose with the thii^, and Imver, 
pnftterior inlcrer>ita.l arterie? and the Infernal thoracic artery and its termifial branchi^ 
anastoioose with the lower pn^stcrior iTiiercotttfll arteries and the mferior cpIfi^aRtric 
arteries. 1'hc pcisicrior intcrenataJ arteries ere hIwti^'s eipecially involved in cases of 
coarctation, anJ this fact ia often confirmed on X-ray cTcaminaiicMi. 

The cnlflr^rement of the scapulpiT vesseh and cnasEoniose* in some ca^e* rende^ 
the ' pulsating scnpulA^ an important ph^'^ical sifpi and thiw is of frvM diagnostk 

* ”ln addition, a posterior, ‘ paraspinal \ anastoitiosis links up the spinal brancheii 
of the venebral artery w ith I he bomoloRotui hranchts of the posterior intcrcoAtals. 

Applied Afiiitomv .—Aneurysm of the descendinff thoracic aorta most commonly 
extends hackw'ards sIoor the left side of the \-trt«bral eoltntm and leads to absorption 
of the bodies of the v^rtebne ihm not of the interveriebra] dis^) ^d of the ribs i 
pressure on the intcTCo$tfll ners-es may ifive rise to radiarini; pains in the left upper 
Intercostal spaces ; after eimion the verlcbnc the aneurysm may compress the 
spinal nerve-roots or ultimately the spinal eonJ* producinff palm m the chest, back or 
loins, or parulysis helow^ the site of ihe lesion. If the aneurysm extend fomaid. it 
may press upon and displace the hearty giving rise to palpitation and other symploma 
of ditttase of that ^flie diognosEs of ihoraoc Rncurysm is much fscilimtcd by 

the employment uf aurtography. 

Th£ AfitXJMlNAL AoHTA (fig* ”2z) 

The abdomirral aorta begins at the aortic opening of the Diaphragm^ in front 
of the lower border of ihe body of the last tlmracic venebm, and, descending in 
front of the vertebral column* ends on the body of the fourth lumbar vertebra, a 
little to the left of ihc median plane„ by dividing into the two common iliac arteries* 
It diminishes rapidiv in siae^ because such large branches arise from it. 

Relations,—/lnfmW/y the abdominal aorta is at first related to the c<cliac trunk 
and its brandies, the cceliac plexus of nervea and the Ic^r of peritoneum, which 
imert'cne between it and the papillary^ process of the liver and the lesser omentum, 
[mmediatdy bclow' this level the aorta gi^-es origin to the superior mc^nteric artery, 
and is crossed bv the left renal vein. The body of the pancreas, with the splenic 
vein closely applied to its posterior aspect* extcn[L^ ohhi:tucly upw-ards and to the left 
across the abdominal aorta, but Is separated fram it by the vessels already nftcntioned. 
Below the pancreas, the aorta is related to the prosimaJ parts of its teatk-ubr (or 
ovarian) branches, and is crossed by the third part of the du^enurn. In i^ lowest 
part the aorta comes into intimate relationship with the posterior parietal peritoneum 
and is crossed by the n>Dt of the niescnteiy' and its contents. The large nerves of 
the aortic plexus, the inferior mesenteric ganglion, and the commencentent of the 
inferior mesenteric artery all intcn'cne between tilt vessel and the peritoneum, 

PorfffTtbr/v the abdominal EWrU lies on ihe upper four lumbar vertebrai, the 
corresponding iotcrvertebrsd discs and the anterior longitudinal ligament- The 
lumbar arteries, which arise from its dorsal aspect, and the third and fpunh and 
sometimes the second left lumbar veins* w hich c^ behind it to reach the inferior 
%'cna cava, intervene between the vessel and the ligament. The vessel may overlap 
the anterior border of the left Psoas major muscle to a slight extent. 

On the right stdt, it is related above lo the ciatema chyli and tlsc thoradc docli 
the azygos v'cin, and the right crus of the Ehaphragm, which overlaps it and separates 
it from the inferior vena cavTi and the right ca?liac ganglion- Below the level of the 
second lumbar vertebra it is in contact with the inferior vena cav'a. 

On the ieft Side, it h related to the left crus of the Diaphragm and the left coilac 
ganglion, above. Opposite t>ie second lumbar vertebra, it comes into relation with 
the duodeno-jcjnnal flexure and the sympathetic trunk, which contioues doTOMards 
along the left side of the vesaeL The fourth part of ihe duodenum and the inferior 
mesenteric vessels constitute additional relations- 

Surfaif The vessel can be teprwented by a band alwut 2 cm. wide 

extending from ■ pioint iti the median plane 2-5 cm. above ihe transpylodc plane to the 
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point where it divider about j cm., below ^nd to the left of the umbilioii. When 
the abdomiiiAt wall m nclwccd fhe lowest portion of the ^rtn can be fell pulsuHng 
just above th» point. 

AppIM Ancumim of the abdominiii aorts occurs most frequt^dy ai 

Its upper part, close to and often invotvinn the oocltnc artery^ because in iliis situation 
the vessel rapidly naiTows after givinit off larj^c branches^ and ks WHlb have 

lost the support afforded higher up by the crura of the Dlaphra^. 

Fli- The ihdofiiitinli aerta and jti branches. 
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If the nneuT^'sm ■rnliin't^ font-aTcIa it I'orms a pulsatinR tumour in ihc J*ft hvuo 
chuntlrmc <ir cpiKAstric rvginiu i by pressiiK upti^ ard* at the same rime it may interfere 
wuh the inovemeiiu of the DiaphnRin and rmbirrflss rcipiTarion, or may camDreas 
the u^oplm^ua and produce dyaplmiiia ; pteaitunc on the stomqch and Mliac dJcxo* 
Btves rise to dyspeptud^ while jaundice may follow pretaute nn the bile duct and dui>- 
denuto, nr pnlyuna. albuminuria, hirmatiiria and anurin pressure on the renal vessel 
and nerves ; tf the mferinr vena cava is. enmp teased there may lie crdtmq of the lower 
hmb*. ITiis form of aoeuryHm may burst into the perittmeal cm ity behind the 
pentuneuin. between the loyere of the mesentery, nr mote tarelv into the duodenum 


The Branches or the Abiwahna!. Aoitta (fig. 72^) 

'I'he hranehesor Uio abdominal aorta mav be divided Lntq four seta ■ ventral 
blend, doi^ tmd lenninaJ. The ventral arid lateral brsmehes arc distributed in 
viscera, while the dorsal branches supply the body walJ* 

r hraneJm, Dorid bmttthei. 

(.'tnlioc. I^timbar. 

Suprritir mesenteric. Median sacral. 

Inferior mcscntcrie. 
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lAiirral hranthet. 

Phrenic. 

Midrllc ttuprarenal. 

RennI. 

Testitubr (in the male)* 

Ovarian (in the kniak)* 

The vent ml brnnchtf^Sp which supply the uJimentara' carmi and its derivativt^p 
represent fused ventral branches &f the twer dorsal aorta; and are therefore unpaired, 
■^rhe lateral branchesp which supply the dcn%Titivcs from the mesonephric ridgesi arc 
ail paired vessela. Of the dorsal branchca, the lumbar arterieSp which reprusoit 
persistent interscgmcntal arteries (p. 171!ire paired, but the riH-dian sacral is nn 
unpaired vessel. ’‘The terminal branches arc paired. 


T^rmhmi hmnrlm. 
Common inac* 


Tiif. CcEt.iAC Tmrxiv (figs. 723 p 7Z4) 

The ccvliac tmnk is a wide vessel, about i iy cm. long^ ^vhich ari^ from the 
front of the aorta p just below the aortic opening of the Diaphragni; it piisses nearly 
hoHscontally foovards above the pancreas and the splenic vein, and divides into three 
bnineheSp (i) Ifftgastric, (1) ftepatk^ and (3) spffnk ; ft i>ccaAioiially give* oflf one of 
the phrenic arteries. 

Relations.—The cceUac trunk lie=^ bellind ihe omental hiirSji (lesser Esae of the 
peritoneum), and is surrounded by the cteliac ple:^us of nervea, which sends branches 
along the three divisions of the artery^ On its right tide it is relatctf to the right 
corliac ganglEon, the right crus of the Uiaphnigm, and the caudate process of the 
liver; on its left tide to the left cccliae gan^lionp the left crus of tlw [diaphragm, 
and the cardiac end of the siomach. JJcfon' it is related iej the upper lK^^der of the 
pancreas ;md the splenic vein. The suspensoA muacle of the duodenum (p. 1425) 
may split loi encircle the arten% although it usually lies on its left side. 

t. The leR gastric artery (fig. 723), whidi is the smallest branch of the cccliac 
trunks passes upw ards and to the IcftT behind the omental hursa^ to the cardiac end of 
the stomach. In its course, the left gastric ancr>' lies close to the left phrenic artery 
and medial to or in from of the left suprarenal glancl. At or near the cardiac end of 
the stomach it gives off two nr throe c^fophagealhretnehrs, which ascend through the 
i];snphagcal opening of the l>iaphragin and anasitnmo^e with the aortic ersophageaI 
arteries ; oihc rs supply the cardiac part of t he stomach and anastomose with branches 
of the splenic artery. 'The artery then tunts forwards and downwards in the left 
giistropancrcatic fold, and runs (Iroquently as two branches) along the leaser ciin-a- 
ture of the stomach to the pylorus, between the layers of the lesser omenimn ; it 
gives branches \o both surfaces of the stomach and anaslomoses with the right 
gastric artery. 

2. The hepatic artery (figs. 723* 7^.^) is intcmiediate In si^e between the left 
^tric and splenic arteries. It ia accompanied by the hepaiic plexus of neevts, and 
is first directed forwards and to the rights to the upper margin of the first pan of the 
duodenum, passing below the medial end of the epiploic foramen (fig. 1168). li 
then crosses in front of the portal vein, and asccttds between the layers of the lesser 
omentum and in front of the epiploic foramen, 10 the porta Jiepatls, where it 
divides into right and left branches which supply the corresponding lol^es of the 
liverp accompanying the ramifications of the portal vein and hepaiic ducts. In 
the lesser omeiuum the hepatic artery lies in froni of the portal veinp and on the 
left nf the bile-duct and its right branch crosses behind the common Ivepatic duct 
(fig. 725). The digtribution of the hepatic arter,’ within the fiver is deserihed on 

P 

it gives off right gastric^ gastroduodenal and cystic branches. 

'Phe right gastric artery (fig. 723) arises from the hepatic arlciy above the hrsl 
part of the duodenum l it descends in the lesser umcnlum to the pyloric end of the 
5 tomach> and passes from right to left abng its lesser curvaturcp supplying it with 
branches, and aoiistomoalng with the left gastric artery'. 

The gastroduodenal artery (figs, 723, 724) is a short but large branch, w hich 
descends hetivcen the superior part of the duodenum and the neck of iht pancreas^ 
King immediately to the right of the fine along which the pcritancum is reflected from 
iKe posterior gurface of the first hnlf--inch of the duudenum (fig; i 166). At the low'cr 






'ITw linrf iIk^ IfftM Ilwne^nim hlV4 becfl rflfHaVTrd. Tb* DtHtcrw wbU oi i n 

flvPMT Ml «yl p... dT um af th, 

Thb vessel pves off numerous bttmciws. some of which ascend to suddIv both 
«jr^c« of the stoimcli, while othera descend to suppl^^ the greater otneil^ 

The superior pancreoiicoduo^nal artery- (%. 724) j* usually rcprescntiid bv 
M anterior and a posterior vea«|. The antmtr descends on the front of the groove 
betw een the duodenum and the head of tiie pancreas. It supplies both of ^ 
organs, and atiostomosca with the anterior division of die inferior pancroati^ 
duo^n^ branch of the supenor mesenteric arter>'. The pwr/er«ir r^emr ISl 
ertatui^u,jJrHnl ^/ery opsa from the gBStrodmxlenal ai the upper border ofX 
supenor part of the duodenum, and runs dow nw ards and to tlic right in front of the 
™rtaJ vein and the bile duct. It then passes dow nvrords on the back of the h^d of 
hwiches to the gland and to the duodenum, and croJI 
behind the bile duct, just before that structure pierces the duodenal wall It^I 
by anastomosing with tfie posterior division of the inferior pancreatia^uotS 
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border of the duodenum it divides into the right guitro-epiploic and the superior 
^ncreaitciitiii^fftaljArXicne^ PncvioiLii to its diviaion it gives ofT tivo ar three snidJI 
branches to the pyloKe end of the stomach and to the pancreas. 

1 he nghc gastr^piploic artery (figs, 71^, yz^}, which is the larger tetminal 
hratich of the gastroduodenal artery, skirts the right raorgir of the omental bursa and 
then runs front right to left along the greater cun alum of the stomach, between the 
layero of the greater omentujiu Ji ends by anastomosing with the left gaatro- 
epiplftic branch of the splenic artery (p. Soo), Except at the pvlorus, where it is in 
contact witli the stomach, it lies about a finger's breadth from the greater curvature. 


Ftc. 71The ccrltHC intry' Kfid iti bnnchi^. 
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ITie cystic artery (fig. 735)* usually arises from t\\t right brandi of the hepatic 
artery^ anti passes behind the commonheparic and cystic ducts to -gain the upper 
surface of the neck of the gall-bladder^ on which it runs dotniwards and forwards 
before dividing into luprrficiai and titfp branches. Tlic former ramifies on the ftcop 
and the latter on the attached, surface of the gall-bladder. Occasionally the cystic 
artery' arises from the trunk of the hepatic artery' ofi rarclvt from the gastrtHluodenal 
artery', and crosses in front of the bite duct to reach its destination- 

The splenic artety [figs. 723, 724)^ which is the largest branch of the 
ctcliac inink, is remarkable for the tottuo:aity of its course. Surrounded by the 


Fie. 714 .—Hie Kclidc mmk ^tid it* bnuich«i. «pi»eel by mining the stuniarh 
upwardB and rtmavinK the pifritaneLiin On the pci*ttrior dhdcreiiinjil wnll.* 
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Splenic plexus of nerves, and accompanied by the splenic vein* which lies behind 
the pancreiWp it passes horkontally to the left, behind the atomach and the omcntiil 
burapT and along the upper border of the fujncrtas; it criissea in front of the left 
suprarvnal gland and the upper part of the left kidney^ and imTeni the lienurenal 
ligament. On arriving near the spleen it gives origin to five or sis branches which 
enter the hilus of the spleen {j« p. t544|. 

Branches.—The pancreatic branches {fig. 724) are numerous small vc?sscls 
supplying the body and tail of the pancreas; they art derived from the splenic 
artery as It runs along the upper border of the pancreas. A dorsal hrtittch.'f w hich 
often arises from the carliac aiicry^ and not infrequently from the superior mesen- 
tcric^ descends behind the pancreas and divides inio right and left vessels. The 
fotmer runs bGtwwn the nt.’ck and the uncinate process of the gland and forms a 

■ In and in the i;ireeedma fijiure the BiiaAiDfiio«i« ^own between the risfhi ^d left 
aastro-epiplnic anetiefi is ill aeco^ with the usuiil dcatription hut differs from that given on 
p, fioo. 

t Russell T. Woodburne nntl IJoyd L. OlleOg Re^r. ttt, 
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prepsncrcatic iirtcnal ardi with a br^idi from the antcri<>r supcdt>r pnncrcatico- 
duodenal : the latter rtiiis to the left Etlong the Infedor border of the gbnd to reach 

the tail 

The short gastric arime* (fig. 7^) are from five to seven small branches 
which ariae ffnm the end of the splenic aner)\ juid from Its KerminaJ divisjone. 
fhey pass between the kyers of the gastrosplcnic ligament, and are distributed to 
tbc fundiu of the stomachy anastom^^sing with branches of the left g;istric ^nd left 
gastru-epiploic arteries. 

Ihe Kefl gastroepiploic ^ery* (fig. ^4), which is the largest of the 
branches of the splenic artciyp arises near the hilus cf the spleen ajid mns obliquely 
downwardSp forwards an <3 to the right. It sends Bev-cral branches through the 
gastro-splcnic ligament to be distributed to the upper third or less of the greater 
airvHiure, and these are appix-eiably longer than the gastric branches of the right 


Fjg. 725,—Drawing of ■ duHeetiHnii m tliew rebJiftrti of the hcpntic uterv, 
the hih duct bjkJ tht fumsi NTciti after oomptere rrmnvoj of Ihe ksMf 
nmemum arnl the pcritnncuiti oti the pc^terii^r abdcfiiinal wtiII 
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gaatro-cpiploie artc^, lt» tsminal pan gi™ off a large onwntal branch whicli 
runs downwards and to the right in tlw greater cnignmin, und itsel f airies forward!! 
at B higher level to Join tJie nght gastm-epiploi c, The Iwijwd course of the terminal 
part of the left gastro-epiploic leave* a porUon of ihc greater ctirvattini devoid of 
hnmehes in its upwr part* In the operation of partial gastrectomy the indaion 
in the stomach wall passes through this avascular gap and, on the right side the 
^tro-eohe oracnti^ la divided below the right gaatfu-epiploic aitcri^ cutting all 
Its colic branches. 1 he greater oniemurri sumves because its supply fmm the lame 
omental branch of the left gastro-epiploic artery has not beco thunaired + * 

The splenic branches enter the hilus of the spleen between the two layers of 
the li end renal ligament. Their distribution within the spleen is described w'iih the 
aiuttomy *f that orgssn (p. *5+4)^ 


Pr«(/{ffrirr«,—AllJmuKh the nrrangemcnt of the rahac trunk and its brmehes it 
fairly canstanr, three variation* are worthy of mention, f j) An riehi hamtit 

iiUrry Home times anse* fwin the superior mcsenlerie tnary and runs upward* and to 
the Tii*t, passing behind the potuil vein to K*in the right esiremiry of the porta 

t R. E. Monon, Cuv't H^rtu loi* 1955^ 








THE SUPERIOR MESENTERIC ARTERY Sor 

(3) An ac^esiary hepaiti^ arieiy not inficquently' ansei froni the left gji^crfc 
artiMy and CQur$e£ to ih^ rinht between the two layers of the lesser omefitum. I t entcfa 
the lower part of the Assure for the ligamcnruni venoauin to gdn the left extremity 
of the portu hepAtis^ {3) An acetfsory iefi j^Ltric nrisry may arise from the left 
branch of the hepatic artery and traverae the lesser ornentum to ^in the lesser 
cumture of the stomach. 


The SuPEHitift Mesipsithic Artery (fig, 726) 

'rhe superior mesenteric artery supplies tJie whole of the sniaJl intestine 
except the ^perior part of the duoden urn; ii al.^ supplies the CKCUtn and the ascerKl- 
ing colon and most of the tnuis verse colon. 11 arises from the front o f the aorta about 


Fig. The Superior itiescnicrk artery' and Its bmndies. 
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T cm. below the celiac tmnk^ And is crossed at its origin by the spkme vein and the 
body of the pancicas- Near its origin it ia sepamted from tlie fiont of the aorta by 
the left renal vdn. "I’bcrealtcr It pusses dommwards and forwards, anterior to the 
uncinate pnxiesa of ihe head of the pancreas and the horiscontaJ part of the duo^ 
denum, and descends between the Layers of the mesentery' and near its root until it 
reaches the light iJiaq fcissa, where^ considerably diminished in siitc, it anastomoses 
with one of Its own branches, viz.» the ileocolic artery» In its course it crosses in 
front of the inferior vena cava* the right u/cter, and Psoas major, and forms an arch^ 
the convexity of which is directed forwards^ doivnivards, and to the left side. It la 

2C 
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accc^mpanidd by the flupenor mcsciiicric vein, which lies tu its right side, and is 
sumciundtd by the superior mescmefjc plexus of mrves. x ^ e 

Branches.—'I'htr iriferior pancreaticcMliiCKlcnal artery (fign 724) springs itom 
the superior mesenteric arten* or froin its first jejunal branchy opposite the upper 
border of the htnirontd part of the duiHlenum. Usually it divides at once into an 
anterior and a posterior bmnchi. ^fhe anifnfirbf'^Hcii couiTtcs to the right in front of 
the head of the pancreas and then ascends to auBAtomosc with the anierior superior 
pancreaticoduodenal anerVr The postrrwy hrojtch passes upwards and to the right 
behind the head of the pancreas, which it somelimes picrees. w anasicmiose with the 
ptKtcriur superior paocreadcoduodcnal arten'* Both bmnehes supply the head of 
the pantTC4is, including its uncinate process, and the duodenum. 

The jejunal and ileal branches (fig, 726) arise from the left side of the superior 
mesenteric artery. They arc usually from twclv'c to ttfieen in numheri and are 
distributed to the jejunum and ilcunb with the exoeptioti of the terminal port of the 
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latter^ which ifi supplied by the ileocotfc arter>'- They run nestrly parallel with one 
another between the layers of the mesentery, each vc^l dividing into two branches, 
which unite with adjacent hranebca, to form a scries of arches (fig. 726). ITie 
branches which arise from the arches unite to form a second aeries of archie, and the 
process may be repealed three or four lirncs. in the sho^ upper p^rt of Uie mesen¬ 
tery only one set of archer exists, but sa the mesenten' increast^ in depth, second, 
tliird, fourth, and even fifth RToups are present. From the terminal arches numerous 
small straight vesseLa arise which supply the intestine. terminal branches arc 

distributed, foughly alternately, to the right and left surfaces of the gut, and neigh¬ 
bouring vessels do not nnasiomose with one another.* As a rule tbe jtjunal arteries 
are longer and less numerous than the ileal aiterii:s. From both groups smatl 
brandicfi are given off to the lymph nodes and other structures between the layers 

of die mesentery. , . * , r 1 . 

The itcocolie artery (fig. 726) is the lowest of the branches ariaing from the 
concavity of the superior mcscnleric artery. I t passes di>w-n^vardji and to the right 
behind die peritoneum, towards the right iliac fosia, where it divides into a superior 
and an inferior branch : the superior branch anastomoses with tlic right colic 
arterA-, the inferior with the end of the superior mesenteric artery. In its course, the 
Ileocolic artery crosses in front of the right ureter, testicular (or ovarian) vessels and 
Psoas major muscle* 

• A. J, Cciktifiii, y. Anitf ., 64, i^jo. 




THE rXFERIOR MESENTERIC ARTERY 

The inferior brnneh of the ikoeolic runa towArcls the upper harJer of the ilc<}£olic 
junction And supplies the followlnji hnniLlics 7*7): ia) toii£, which pflises up-^ 
on the nscendin^ colon ; and postmar cmoI, which ire distributed 

to I he front imd hade of the sxecum : {c) nn apprnJiailar artrry*^ which deSCenjA 
behind the termination of the ileum and enters the mescnicrj' of the vermiform appen¬ 
dix ; after inj* off a reeurreriT branch, which anastomoses with u branch Fmm the 
posterior ccec 4 il ortety^ it runs at first close to and bter in the fret mar^nn of the 
mesentery' of the vemjircJttn appendix, but its tenriiiial part Is in actual contact w'ith the 
appendicular will; and (ti)iUat, whidi lunsupward^? and to the left on the lower part 
of the ileum^ and anastomoses wntb the termination of die superior meaentcric artery. 

The right colic aricr>^ (fig. 726) arises from near the middle of the concavity of 
the superior mesenteric artery^ or from a stem common to it and the ileocolic 
artery, it pa-sses to the right behind the pentoneiini^ ^nd in from of the right 
testicuLir (or ovarian) arterj' and vein^ the right utcilt^ and the Psoas major^ towards 
the ascending colon. Sometiines the vessel Ucs at a higher kvcb and crosses the 
dcsccndi ng part of the duodenum and the lo-wcr end of the right kidneyv At the colon 
it divides into a descending branchy which anastomoses with the ileocolic arter>'> and 
m ascending branchy which anasLomoses with the middle colic artery. These 
branches form arches^ from tbc convexity of which vessels art distributed to the 
ascending colon. 

The middle colic artery (fig. 726) arises from the tiupcrior mesenteric arteiy' 
just bclow' the pancreas and, p^ing down wards and fnnvards between the lavcrs 
of the transverse mesocolon^ divides into a right and a tefi: branch ; the former 
anastonloses with the right colic arten^; the latter wfth the left colic artcty% a branch 
of the inferiitr mesenteric artery^ The arches thus formed are placed 3 or 4 cm. 
from the transverse colon^ to which they distribute branches. 

Sarfa^e jhNitrmty .—superior mesenteric artery sriscs at or just above the 
iranspytorlc plane. Erom here it runs with n gentle convexity to the left to the point 
of intersectiDn of the tninstubcrcukr and right talcnil pliincs. 

Tiie Infljuoh MesexNtehic Artery (fig, 728) 

The mferior mcscntcdc artery supplies the terminal part of the tranavcrac 
colon^ the whole of the descending colon^ the sigmoid colon and the greater part uf 
the rectum. Tt ts smaller than the superior mesenteric artec)\ and arises from the 
aortaj about 3 or 4 cm. above its division into the common iliac aitcricSi, and close 
to the lower border of the horizontal part of the duodenum^ It descends l>ehind 
the peritonctim^ lying 3t first in Ftx»nt of the aoita^ and then on its left side. It crosses 
the left common iliac artrty on the rncdial side of the left ureter, £inil is continued 
between the nvo layers of thesigrtsoid mesoeolon into the lesser (inie) pelvis as the 
superior rectal artery'. In the lower part of its course, the inferior mesenteric vein 
Hes Oh its lateral side. 

Sfafate Aisatxmy .-—The vessel can be represented! by a line, beginning 2^5 cm. 
above the umblIleus and t cm, lateral to the tnvdum plane, and thence nmnitig down¬ 
wards and vHghtly to the left to a point 4 cm. below tljc uinbiliois. 

The inferior inesentcric artery gives olT superior and inferior left colic and 
superior rectal brunches. 

The left colic artery (fig. 72^) runs upwards and to the left behind the peri¬ 
toneum and in Imrit of the Pjtt>as major, and, after a short but variable ctiurse, 
divides into an a<^ehding and a descending brunch ; the mink or tJie branches of 
the artery cross the left ureter and left testicular vessels. 'Tlie ascending branch 
passes in front of the left kidney and then between the two layers of the transverae 
mesocolon, where it anostoTnuscs W'ith the middle colic arttti'; the descending 
branch anastomoses with ihc highest sigmoid artery. Etom the arches formed by 
these anastomoses branches art distributed to the it ft half of the transverse colon, 
and to the descending colon. 

The sigmoid (inferior left coUc) arteries (figs^ 728, 719), iw’o or three in 
number^ mn obliquely downwards and to the left behind the peritanenm and in 
front of the left Psoas major^ ureter, and testicular vessel. I'heir branches supply 
tlie lower part of the descending colon and the sigmoid oolong anastomosing above 
with the left colic artery, and below with the suEKTifjr rectal arter)% The latter 
anastomosis, however, is dependent on one or more very^ slender conrii:?etons. 


8^4 ANCIOLOGY 

The superior rectal artery (figs. jzB, 729), which is the continuaUou of the 
inferiur mesenteric artery, dcscendaifito the pelvis between the layere sigmoni 
ntesocolon, crossing, in its course, the left carnmon iLisc vessels. It divides, opposite 
the third sacral vertebra, into two branches; these descend one on each side 01 the 
rectum, atid supply its mucons nKimbrane as far as the anal canal, and the upper two- 
thirds of its muscular coat j about halfway down the rectum the two artenes break 
up into several small branches. ITiese pierce the niusctilar coat of the bowel and 

FlC. 7,^8.—A di^Kctian to dtaplfly the itifctior mwentrdt %’l-S4cU onA lllcir hfWidufta. 
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run stnii^bc down^'a.rds in the wall of the g\il between Its muscnhir and mucous 
coatB^ to the level of the Sphincter ml internue; here by anasuimoses with one 
another they form * syattm of loopa around the lower end of the rectum^ and 
communicate with the middle rectal aiterv^ w hkb is a branch of the IntcmLd iliac 
artery, and w ith the inferior rccial artery , which arises from the internal pudendal 
artery* 

Appiird /Zwa/ojrtvv—As a m^itult of the free linaAiuiiioscs beiw^een the left colic 
arteries a cominuous ‘ maririnal ptery' descends near tht? gjut fn>m the left colic 
flrxiire 10 the distal end of the sigmoid colon, where it ends^ because the superior 
rectal artery docs not diYide into Brch-fomtinB hitmcKes. 'llie point where the lowest 
sigmoid ntteiy' anastotnoses vdih the superior rectal artery ia therefore aometimes 
lULined the ' cridod point ^ Ligature of theite two artedcs will almost ontainly result 
in gangrene of the part of the rcctutn which is supplied by them. If, biiwevcri the 
ijir-erior ni«cntcric aHery be tied pfo^imiil to the origin cf its low'cst sigmoid branch, 
blood can pass through the latter bninch into the superior rectal artery. 
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The MiDur.l£ Slt'tiAltENAL AflTEKns 

The middle suprarenal arteries arc two atnall vessels which urise^ one from 
each side of the aorta^ opposite ihe superior mcseatcnc artery* Each artery' passes 
laterally and slightly upwards, over the cnis of the Diaphragm, to the suprarenal 
glands where it andstoiuoses v.ith suprarenal branches of the phrenic and renal 
arteries. On the right side the artery^ passes behind the inferior vena cava and is 
closely related to the cccliac gang|tori+ Oo the left side it comes into relation with d^c 
cczdiae ganglion> die splenic artery and the upper border of the pancreas. The 
distribution of the suprarenal arteries is described on p. 1538. 

The Renal AKTEftits (fig. 7^2) 

'Fhe renal arteries arc vm large trunks which arise from the sides of tlic aorta 
immediately helow the superior mesenteric artcry^ Each b directed across the 
corresponding crus of the Diaphragm, nearly at right angles to the aorta. The nghi 
is longer than the left, on account of the position of the aorta; it passes behind the 
inferior vena cava, the right renal vdn, the h^d of the pancreaSp and die desccJidinR 
pan of the duodenum, 'rhe Uft is a little higher than the right; it lies behind the 
[eft renal vein , the btxly of the pancreas and the splenic vcirip and may be crossed by 
the inferior mesenteric vein. Just before reaching the hilum of the kidney^ each 
artery' divides into four or ^\c branches ‘ moat of these lie between the renal vein 
and die pelvis of the urcier, the vein being in frojii, and the pelvis behind, but one 
or more branches arc usually situated behind the pehria. Each renal artery gi ves 
off some amaJI infenor suprarenaf ftmjirAer (p, 171) to the supTarenal gland^ and 
supplies tivtgs to the ureter and the surrounding cellular tissue and muscles. 

Surface Autiloiny .—The renal arteries can be represented by broad lines nitmlng 
latenilly for 4 cm. fmm the lateral nrtarginB of the aorta just below the transpyloric 
plane. In the case of the artery of the left side dit line Ghould indine upwards nerosS 
the tmnspyloric plane. 

One or two atcenory rtnaf arteries are frequently found, more especially on rhe 
left Side ; they usually arise fmm the aorta, and may corne off above or belmv the main 
artery, the former bciriB sh^htLy the more commoii position. Instead of entcriTig the 
kidney at the hilus* they usually pierce the upper or_ lower part of dit kidney; an 
acccssorr artery' the lijwcr part of the kidney cmaaca in front of the ureter and. On the 
right side, usual! y in front of the inferior vena cava. These vessels are “ end arte riea "* 

The Te^iTici'UR Arteries (fig, 723) 

The tcsitctilar arteries arc two long, slender vessels, which arise from the fnini 
of the aorta a little below the renal arteries and arc distributed to the testes. Each 
passes obliquely downuurds and laterally behind the peritoneum, resting on the 
Psoas major ; the right artery lies in front of the inferior vena cava and behind the 
horricontal p<stlion of the duodenum, the right colic and ileocolic aftcrica, and the 
terminal pan of the ileum ; the left arter>^ passta behind the inferior mesenteric 
vein, the left oolk artery, and the lower part of the descending colon. Each artery 
passes in front of the ^nitofemDral nenc, the ureter and the lower part of the 
external iliac artery on its u-ay to reach tht deep inguinal ring, where it enters the 
spermatic cord. Accompanied by the other constituents of the spermatic cord, it 
iraversca the ttiguinaJ canal and cnicra the scrotum. At the upper end of the post¬ 
erior border of the testis it divides into two branches which pass on to the medial 
and Lateral surfaces and after piercing the tunica albuginea end in the tunica 
vasculosafp. 1494). Fmm the latter terminal branches pass into the substance of 
the testis at %^arTOua points over the free surface* Some of these vessels pass into 
the mediastinum testis nnd then loop back again before reaching their distribution.* 
In the abdomen the testicular artery supplies small blanches to the Fat around the 
kidney, the ureter and the diac Ivmph nodes; in the inguinal canal it gives one or 
two tw'igs to the Cremaster, 

Not infrequently the right TeaticuLar artery passe* behind the inferior vena cava. Il 
should be remembered that the testicular arteries represent persistent lateral sptvLnchnic 
bnmchrt of the aortu (p. tyt) and that as thtM vessels enter the mesonephros ihey 

* R- G, l lafriBon uid A. E. Barclayh BriL J. UroL, ZD, 2^ 
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ttoas vcniraJ lo the fliup-r&carclinal vein but dorsal lo the suhcattlinal vein. Under 
noimal conditions of developmcml the lutem! aplanchnie artery" vii'hEch per&istB aa die 
iirKt te^iii:iiJar artery passes cAudaJ to the particular supraj^subeardinfll nnasiomoeis 
which persists to take parr in the formation ot ilie itifciior vena eava. ^^Iwn it passes 
cranipl to this anastomosis the riffht teitjculor artcr>' will lie behind the inferior ecna 
cava in the adult. 


The Ovarian AErntJitEs 

The Qvartan arteries in the female correspond to the testicular arteries In the 
malc^ but they enter the pclvb and Hiipply the ovades 734), The ori|^in and 
course of the first part of each artery artr the same as those of the testicular artery, 
but on arriving at the hdin of the lesser (tnic) pelvis the arter)' crosses the upper 
parU of the oKtcrnal iliac artery' and vein, and enters the pelvic cavity^ It then runs 
medially in the infundibulopclvic ligament and gains the broad tigament of the 
utenis, where it lies below the uterine lubt:. At tite level of the ovary it passes back¬ 
wards in the nitsovarium and breaks up into branches which are distributed to the 
ovary. Small branches are given to the ureter and the uterine tube, and one passe® 
to the side of the utcnia, and unites with the uterine artery. Other offsets are cofi- 
liniicd on the round ligament of tlic uterus^ through the inguinal canal, to the akin 
oi the labium niajus and the groin. 

At Qit early period of inmuterinc life, when the testrsor ovaries lie by the side of 
the vertebral eolumn. below the kidneySi the testicular and ovarian artcrirt are short; 
but with [he descent of the testicles into the scrotum and of the ovaries into the pelvis, 
the arteries eradually lengthen. 


'l^jfE PiiRENir Arteries (fig. 722) 

The phrenic Arteries are two sniall vcsmIs which supply the Duiphnigm. ^^lcy 
pneseni much suriety in their arigim they may Jirise separately from the front of the 
torra^ iiriTnetliatEly obov'e the cccliee trunk, or by a common trunk, which may spring 
either from the Borta nr from the curlloc tnirtk ; sometimes one artery is derived from 
the aorta, and the other from one of the renal arteries. From its origin the arten- runs 
upwards and Eatcmdy (ttmi ol the crus of the Djaphmgtn and close lo the rnedial 
border of the suprarenal gland, ^fhe left phrenic passes behind the (esophagus, snd 
runs forw ards on the left side of the ^esoplkageal upening. Ilie righr phreiiic passes 
behind the inferior venis cav'a, and along the right aide of the opening whieh transmits 
that vein- Near the posterior liordcr of ihc ccntTitl tendon of the Diaphragm each 
vessel divides uito a medial and a lateral branch. The medial branch curves 
forw ardSn and nnastointises with its fellow^ of the oppuslte side in front of the central 
tendon, and with the musculophrenic and pericnrdiacophTenlc arteries. I'he latcraJ 
brands passes toivards the side of the thoraXt and ejruastomoses with the lower pf^stcrior 
intercostal arteries, and with the musculophrenic artery. I'he lateral branch of the 
right srtery gri es off a few twigs to the Inferior v-ena eava * and ihe left artery sends 
some branches to the itsophagus. Each (tsscI gf™ off two or three small mporior 
suprarenal bmtithes to the suprart nal gland of its own gide, Tlie liver and fhe spleen 
$i&o receive a few' iw'igs from the right nnd left vessels respeedvely. 


'Fjie Ll'^iuah Arteries 

Tlw lortibar arteries ore in serieB with die posterior intercostal aitcriea an^l 
represent persrstent iniersegincntal somatic branches of the aorta in the embryo 
(p. tyi). tj^ually four in number on each aide, they arise from the back of the aorTap 
opposite the bodies of the upper four lumbar vertebrate A fifth pair, itmalJ in size, 
Qccasinmilly arise* from ihe median sacral arterj- ; but the lumbar branches of the 
iLiolumbar arteries usuidly take the place of the fifth pair. The lumbar arteries ruti 
laterally and botkwanlt on the bodicH of the Iwl^r verubrx, deep to the sympathetic 
trunks, to reach the intervals hetwTen the adjacent transverse processes^ end ate then 
continued into the abdominal vralL 'llie arteries of the right side pass deep to the 
inrerior vena cavti, and the upper two oti the right side (the first only on the left ride) 
run deep to the corresponding (mis nf the Diaphregm. 'Fhe arteries of both sides pass 
under cover of the tendinous arches which give origan to the Psoas majors and nre 
continued behind this muscle nnd the lumbar plexus. They then cro$s the Quadratus 
lumborkim, the tipper three arteries running behind, the last usually in frernt of that 
rnusde. At the latctal bortfer of the Quadmtus lumbonim they pierce the posterior 
aponcurnsi* of the Transvenui abdominis, and pass forwards t^tween ths muscle 
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and the Internal oblique. They ana9tomo$« with one nnolhcr smd with the Lcnarer 
postonor mtcTcoatu], lubcostalp jliqlumhitr^ deep cincumflex ilke «itl iiiferkir cpi^rric 
amnea* 

Branrhei .—Eadi lumbar artery givea ci!f a dorml ramut which, passing 
wards between the tranaverw proowea, is diatributed to the muficle* and skin of the 
back. "T^e posterior nmus aU* furnishes n tpinai hrandt, which enters the ^xncbriij 
canal and suppltcfi tia contents, anastomoairigw^ith the Hitenea above md below it, and 
with the artery' of tlie opposite siden Braiichcs arc also (Ei^'cn by the lumbar arteries 
and their dorsal rsini to ^e neighbouring rrausdes. 


The Median Saciial Akterv (fig. 721) 

'I'be mcdiftfi sacral artery is u smalt vessel which arises from the back of the aorta 
a little above its bifurcation. It descend* in the niedian plant in front of the fourth 
and fifth lumbar vertebra:* the tacnun and comets* and ends in the coc<ryeeii| body* 


Fit;. 7*0.—The si||in»id colon and rrctunfi* showing the distribution of the branches 
of the mferior mesenteric artery^ md their smwUiimwM. iFrom s prepuation 
by f lamilton Dnimmortd.) 



At the level of the fifth lumbar \-ertebn it is crotecd by the left common iliac veiiip and 
it frequently Rivea off cm each side a small himbsr artery (m^ma Iwnbala 
Minute branches are said to pa:ts from it to the posterior surface of the return. On 
the Last lumber vertebra tt inastnmnscA Vkllh the lumbar brsnch of the lliolumbac 
artery ; in front of the sacrum it anastomoses with the ktenU sacral arteries, and sendfl 
offsets Into the pelvic saend foramina. 


The Common Iliac AitTEfiiEs (fig, 722) 

The abdominal aorta divides, on the left part of the body of the fourth lumbar 
vertebra* into the right and left common iliac arteries^ Each artery passes down- 
w'srds and laterally, and divides opposite the intervertebral disc between the last 
lumbar vertebra and the sacrum, into two brancSies, termed the //wc and 
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iliitc arimesi ihc fi>rmcr supplies the greater parx of the lowtr limb ^ the 
latter, the vwixra anti parietes of the pelvis^ the perineum and the gluwal region. 

The right common iliac artery 7aa), about 15 cm. long^ passes obliquely 
across the body of the last lumbar vertebra. In fronts it is crossed by fyntpathciie 
fibres passing to the superior hj-pogiistric plex^, and^ at its point of division^ “X - f 
ureter \ ihToughoui i\s course it La cohered with the parietal peritoneump by which 
it is separated from the coils of the small intestine. liMnd, it ia separated from the 
bodies of the fourth and fifth lumbar vertebra and the tnter^cfimg intcnertebral 
dbc by the syinpalhetic imnk. the terminal parts of the two common iliac veins 
ind the cornmeneement of the inferior vena cava. The obturator nen't, the 
lumhosacral trunk and the iliolumb;^ anery are situated more deeply and traverse 
the fatty tissue which occupies the interval between the last lumbar vertebra anti 
the Psoas major muscle. Lultratfy it ia in lelatbn above with the Inferior vena cava 
and the right common iliac vein; below% w itb the Psoas major. Mcdmlfy its 
tipper part is related to the left common iliac vein. ^ 

The left common liac artery (figp yai), about 4 cm- long, is in relation, m 
frarii^ with the peritoneum, ihc small intestine, ftympaihctic fibrt^ passing to the 
Buperior hypogastric plexus, and the superior rectal artery, and is crossed ai its point 
of bifurcation by the ureter. It resis on the sympathetic trunk and the bodice of ^c 
fourth and fifth lumbar vertebra, and the intervening inicrvertcbral disc. The 
obturator nervt^, the lumbosacral trunk and the iliolumbar artery arc placed more 
deeply^ 'llic left common iliac vein lies partly mediai to, and panly behind, the 
artery'; latfrally the artery is in relation with the tWas major. 

Surf act /tni^i(§inv.“"Thc vessel correaponds on each side to the upper third of a 
broad hnc from the bifurearion of the aorta {p. 795) to the point midway l^epveen the 
anterior soperior iliac apine and ihe pubic Bj-mphysis. The fxsmai Huur arirry 
corresponds to rbe lower two-thtrd* of this line which should Ik slLghtly convex 
laterally. 

Brancheis+—In additinn to the tcrtnin^l branches each common iliac artery 
gives off small braitchc* to the peritoneum. Psoas major, ureter, and the aur- 
mtindmg areolar tissue ; occasionally it gives origin to the iliolumbar and to 
acceasoiry' renal arteries. 

The Internal li.tAO Annaiv {fign 730) 

The intenwil iliac artery^ about 4 cm. long, arises at the bifurcation of the 
common iliac artery, opposite the lumbosacral intervertebral disc and in front of 
the eacro-iliac Joint j it descends to the upper margin of the greater sciatic foramen, 
where it divide into on mltriot trunk, which continues in the line of the parent 
vessel towaiib the spine of the ixchitim, and a trunk, which passes back¬ 
wards towards the foramen. _ ^ 

Relations^ It is in rclatiDn in frmx with the ureter and, in the female, with the 
ovar>' and the fimbriated end of ihe uterine tube ; behind^ w ith the internal iliac vein, 
the lumbosacral nerve-trunk and the sacno-iljac joint; latifraliy, near its origin, 
with the extemaJ iliac vein* which lies between it and the Psoas major ; lower down, 
with the obturator nerve \ and with the peritoneum^ which separates it 

from the terminal part of the Ikum on the right side, and the sigmoid colon on the 
left aide, and with (tome of the tributaries of the mtemaJ Uiac vein. 

In ilie internal iliac artery h ttviee as lat^ as the external iliac artery, 

and is the direct continuation of the common iliac artery* It ascends on the back of 
the anterior wall of the abdomen to the umbilicus, converging on its fellow of the 
opposite side. Having p^cd thfougb the umbilical opening, the two arteries, now 
tenned ttmbilknl, enter the umbilical cord, where they are coiled round the umbilical 
vein, and ultimately ramify in the placenta. 

At birth, when thc placental drculatbn ceases, unly the pelvic portion of the 
trter)' remains palcm and constitutes the internal iliac artery and the first part of the 
superior vesical artery of the adult ^ the remainder of the vessel is converted into a 
fibrous cordi termed the kifrui umbitkat ligammt, which extends from the pelvis 
to the umbilicus. In the makp the patent portion of The umbilical arteiy usually 
gives off ihe artery to the ductuis (mis) deferens. 

Bnoches lifOfn tbe anterior trunk.—The superior vesical artery (fig, 730) 
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aupplics niimcmua bia:nch«t to the upper part of the bladder^ Troui one of these 
the art^' io the dmtus (ir^j) de/erem, occasionally talces origin and accompanies the 
ductus in its eout^ io ihe testtSr where it anastomoses with the testicuiar arter^^ 
Other branches supply the ureter* The first part of the superior vesical artery is 
the proximal, patent, portion of the futtal umbilical artery. 

The infeijor vesical artery (fig. 730) frequently arbes in common with the 
middle rectal artery* and ia distributed to the ^ndua of the bladder* the prostate, 
the seminal vesicles and the lo^'er part of the ureten *^rhe branch^ to die pro&cate 
communicate with tiie correaponding vessels of the opposite side. The infEiior 
veaical artery may sometimea give origin to the artery' to the diiciiLB deferens. 

The middle rectal artery (figs. 719, 730) usually arises with the preceding 
vcBseh It is distributed to the muscular coats of the lower part of the reciunt, 


Fiq, 7jQ,—The artiirin of iht jwlvi*. Right aide* 
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anastotnoaing with tile superior and inferior rectal arteries. It gives offsets to the 
seminal vesicles and prostate, which anastofuosc with branches of the inferior 
vesical artery. 

The uterine artery (fig. 73^) runs medially on the Lev'atur ani and towards tlie 
cervix uteri; about 3 cm* from the cervix it crosses above and in from of ihc ureter— 
to which It supplies a small branch—and above the lateral fomis of the vagina. 
Readying the side of the uterus it ascends in a tortuous manner betw^een the two 
layers of the broad ligament to the junction of the uterine tube and uterus. It then 
runs laterally towards the hilus of the ovary', and ends by joining with the ovarian 
artery. It supplies branches to the cen-ix uteri and others which descend on the 
vagina ; the latter anastomose with branches of the vaginal artericia and form with 
them two median longitudinal vessels’—the ajzygof c/ the v^tnn —one of 

which descends in front of* and the other behind* the vt^ina* It supplies numerous 
branches to tlae body of the uterus, and from its terminal portaon twigs are distributed 

2 c 3 
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lo the uteiine tube dud the round ligsimcnt of the uterus The terminal branches 
in the uterine muscle are exceedingly tortuous. 

The vaginal anery» fret|ucntly represented by tw-o or three hnuichcs^^ usuauy 
corresponds to the inferior Tea[c!i] iti the male ; it dcstends upon the va^nap sup¬ 
plying its mucous TEiembrane, and sends branches to the bulb of tlie vestibule, the 


I'lOi —A diuechoii of the pelvic coiitenu frorn ihc left ^ide. 
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ftmdus of the bladder and the contiguous part nf the rectum. It assists in forming 
the azygns arteries of die TiHgina, which run longitudjnally down the front and 
back of that organ. 

The obturator artety (fig. 730) i^saes for^vards and downw^trds on the latcml 
wall of the pelvis, m the upper part of the obturator foramen, and, escaping from the 
pelvic cavity through the obturator canal p divides into an anterior and a posterior 
branch. In the pelvic cavity this vtasc} is id relatioup btcrallyp with the obturator 
fascia, which scpanUca it nom the Obcumtof intemus muscle ; medially, it b 
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cro$^d by the ureter and the ductus defgrenSp which separate it from the parietal 
pelvic peKtDncufn ; in the nuUipara the ovary is n medial relation p The ubiuratur 
nerve La above the vesselp and ihc obturator vein below it, 

tJif pelvis, the obtumtor artery givea off (a) Uiac branches to the 
iliac fossil; these supply the boor and the Ilhicua, and aoMtomose with the ih-oliimbar 
attciy ; {hi n ve$icnl branch which runs medially to the bladderp and may replace the 
inferior vesical branch of the mtcnml iliac artery i and fc) a pubic branch which 
spriti(js from the vessel just before it leaves the pelvic cavity; this brunch ascends 
upon the bacic of the pubi^ and anustoniD^cs w'ith the eorrespondmff v<rs 3 cl of the 
qppi^ite side, and W7th the pubic branch of the inferior epigastric artery, 

Otilside //« pdvht the obturator arle^* divides, at the upper margin of the olitumtor 
foramen into an anterior and a posterior branch, which cnCtrcle the foramen tmder 
cover of the Obturator extemua. 
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I'fG, ■^33,—^Tlie Itft Uteri ue and ovarian arteries of an uTEn-iarrird girl aged 17! years. 
Posterior aspect, fFmm ^ preparation by tlamiJEon Di-ummondL) 
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The anterior branch runs forwards on the outer surface of the obturator mem¬ 
brane and then curves down wards along die anterior margin of the foramen^ It 
supplies branches to the OUtujamr cxlcmiM^ Fcdincusp Adductorca imd GrmciLii+ and 
Snastomoaea with the posterior branch and with the medial circumhex femoral 
artery. 

The posterior branch follows the poilerlor margin of the foramen and mma 
forw-srda on the mmus of the jBchittm where it anastomoses with the anterior branch. 
Jr gives twigs to the muscles attached to the ischia] tuberosity and anasiiomofiea with the 
inferior gluteal julcry* It also supplies sn aeelahuiiir branch which enters the hip-joint 
through the acetabular notchp lamihca in the fat of the scetabubr fossop and senda ^ 
twig along the lignmenTum capitis femoris to the head of the femur. 

Peeuliaritifs ^—In about aS per cent, nf subjects the pkcc of the obturalor arterj' ts 
taken by on enlarged pubic branch of the inferior epigastric artery {p. gi?); this 
branch descends ^cuoai vertically ta the upper part of the obturator foramen. The 
artery u$LialIy lies in confact with the external iliac vem, and on the lateral $idc of the 
femoml ring ^ In BUchcasea it would not be endangered in tlic operati an for stronguloiicd 
femoral hernia. Oocaaionally, howeveri it curves along the free margin of the 
lacunar ligament, and if in such circumstances a femotai hernia occurred, the vessel 
would dmt^t completely encircle, and might conutrict.^ the neck of the hernia] sac ; 
moreover, it would be in great danger of being wounded if an operation were 
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pcrTormcd for sttanRulatioti. I’he obturaitar artery ’^acniMirnn Arises from 
main stcfu or from ihe posterior trunk of the intemAl iliac aTtPHr* spring 

frtym the superior gluteal artery: Docasionally it arises from the catiernfll iliac 
Dttcry* 

The inferMl pudendal artery (Figs. 730^ 731, 733, 734)^ the smaller of the two 
terminal brmches of the ante nor trunk of the iDiemd iliac arEer>% ^upplira the 
external organs of generation. Though the course of the artery h the same in 
tiivn sexeSi tlic vessel Is smaller in the female than in the mak^ and the distribution 
of ita branches somewhat ditferent. 

The internal pudendal artery^ in the male runs dowmvards and laterally to 
the Jower border of the greater sciatic foniincn, and^ pacing from the pelvis l>etw'ccn 
the Pirifomiis and Coccygcus» enters the gluteal region through the lower pan of the 
greater sciatic foranien ; it then crosses die back of tJie tip of tlie ischial spine, and 
enters the perineum through the lesser sciatic foramen. The artery' then traverses 
the pndenckl canal in the lateral wall of the iachiorecial fossa, and so crosses the 
Obturator intemus, being situated alxmt 4 cm. above the lower margin of the ischial 
tuberosity. It gradually approaches the margin of the ramus of the ischium 
and passes forw'ards deep to the perineal membrane; it then runs forwards 
along the medial tnargin of the inferior ramus of the pubis, and at a dtftance 
of about I cm. behind the Inferior pubic ligament it divided into the d^rsai 
and i/rep ar/m‘« vf ih* fn^nis^ but it may pierce the perineal membrane before 
doing BO. 

Rclatioifs.—VVltiun the pelvis, it lies in front of the Piriformis, the sacral plexus 
of nerves, and the inferior gluteal iricty. As it cro^*s the iscJual spine, k is covered 
by the Gluteus nuiximud ; here the pudendsJ nerve lies mcdhil, and the nerve to the 
Obturator intemus lateral, to the vessel* In the perineum it lies on the lateral ^vall 
of the iscliiorectal fossa in the pudendal canal (p. 603) ; it is accompanicdp at firsts 
by a pair of vena? comitantes and by the pudendal nerve and then by its terminal 
branches^ via. tlic dorsal nen'c of the penis^, w^hich lies above it, and the perineal 
nerve, which lies below ith 

Branches 733. 734)’—The musciilai' branches cuiisist of twp sets ; one to 

the muscles in the pelvis; the othi-r» as the vessel crosses the Ischial spine, to the 
muscles of the gluteal region. 

The inferior reehil artery^ arises from the internal pudendiil as it passes above 
the ischial tiibcrosiity\ Piercing the wall of the pudendal eamil (p. 603} ii divides into 
rwo pr three branches which ertus the ischiorectal fossa, and are distributed to the 
muscle? and shin of the anal region. In addition they fttipply the anal canal and send 
ofTshootfi round the lower edge of the Gluteus maximum to the skin of the bunock. 
They ■naataimtrte with the corresponding vessels of the opposite side, with the 
superior and middle rectal arteries^ and w ith the transverac perineal artery, 

I’hc scrotal branches arise from the intetnal pudendal artery* in front of the 
preceding branehc?, crosFi either superbriul, or deep to the I'ransversus pednei auper- 
bclaJis, and run forwards in the intenipaCe between the Bulbo?pongiosus and Iaehj4> 
cavemosut, to both of w'hich they supply branches, and finally ate dktributed to the 
akin nnd Dartos muscle of the scrotum, lliey often Jipring from the succeeding 
artety. 

l^'he ironiverse perineal artery arises from the Stiiemai pudendal artery, Juit 
before it passes deep to the perineal membmne. It runs tranavetscly an the superficial 
surface of the 'rraiisversus perifict superiicialis, and anastotnoKa with the correspond¬ 
ing vessel of the opposite side and with tlic scrt^tal and inferior rectal arteries^ Jt 
supplies the Trartsversua perinei lupeificinlis nnd the etructures between the anus oiid 
ihe bulb of the penis- 

The artery of the bulb of ihc perus 19 a short vessel of relatively large calibre 
which arises from the internal pudcjiidal artery as h lies deep to the perineiil membrojic ; 
it posses medially, pierces the membrane, and gives off branches which ramify In the 
bulb of the penU and in thr po^tcrinr pan of the ctirpus spongioaiirn penis. It supplies 
a .small branch to the bulbo-urethral gland. 

'rhe tirelbntl arlery arises a shun distance tn front of the artery- of the hidb. It 
runs fnrw'ardfl and ml;^diatly% pkrrces the perineal membrane and enters the corpus 
spongiosum penk, in which it is continued forwards to the glans penJs- 

llie deep aricry of the pents, one of the terminal branches of the inlcttial puden¬ 
dal arterj^* arises from that veesd wbik it is situiiied deep to the peruical membrane : 
it pierce? the membnuw, jmd, entering the crus penu obliquely, runs forwards tn the 
centre of tite eorpu? cfl^'crnosum penkj and supplies its erectile tissue. 
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The dorsat arlcry of ihc p^ms piefccfl the perineAl menibTanc. and mcenck 
between tlic cru& penis; and the pubk symphysis. It llicn passes between the two 
layen of the suspensory ligament of the penia, and runs forward^ qn the dorsLun of the 
penia to the glans, whete it divides Into two branches^ which supply th? glana and 
prepuce. On the penis, it lies bet^^een the dorsal nerve und deep dorsal veion the 
former bcinir an its Jateml side. It supplies the skin and the fkbnoiis sheath of the 
earpus cavemosum penis^ sending branches thmugh the !ihcalh to snastomi:}^ with the 
deep artery of the penis. 

llic internal pudendal artery in the female is smaller than in the male. Its 
ori^n and coui^ are stmilaTt and there is constderahle analogy- in the distribution 
of its branches* Tlie bhial branches supply the liibia piiden^ j the artery of the 
bulb is dbtributExi to the bulb of the vestibule and the erectile tissue of the vagina ; 
the deep artery of the clitoris supplies the corpus cavemosum cHturidis ; the dorsal 


f **■ 7J3i^Thc ftupcrfidal bnuidin of the mtcmiil pudendal mtefv^ In the nulc!. 



artery of the clitoris gives branches to the dorsum of ihiit orgarip and ends in the glans 
and prepuce of tJie clitoris. 

PtctiJifmiift .—Occasionally sonrte of the bnmehes of the mtemaJ pudendal are 
supplied by an additional v^el called the pudendsi, which generally arises 

from the internal pudendal artery before its m% from the greater sciatic foremen, 

Tlic inferior gluteal artery (figs. 7JS)t *be larger of the two terminal 
branches of the anterior trunk of the internal iliac arterys is distributed ehiefiy to 
the buttock and the back of the thigh. It rims down on the sacral ple^m of nerves 
and the Pirifonma* behind the internal pudendal artervt and, passing between titc 
first and seex^nd, or second and third, sacral ncircs, and then bel^'een the Piriformis 
and Coccygcus it rcaclica the lower part of the greater sciatic foramen, through w hich 
it leaves ihc pclvk to gain the gluteal region. It then descends in the interval be-^ 
tween the greater trochanter of the femur and the tuberoait)” of the ischium, accom^ 
panted by the sciatic and posterior femoral cutmieons nerv«i and covered by the 
Gluteus iimximiia; it is continued down the back of the thigh, supplying the skin, 
and anastomosing with branches of the perforating arteries. 

Sii^acf Aiuiiomy\ —'ITic tnferior gluteal artery leaves the pelvis at about the mid¬ 
point of a line jaining the posterior superiur iliac spine and the ischial tubetosicv'. 







8i4 angiology 

Branches,—/wm/r iha pelvis, it diitrihutes (a) brinchct tP the Rriformis^ Cnccy- 
ecus and Laval&r ani : (h) branches which supply the fat nrfupod the rec^iUp and 
ucpnvjpnaJly take the (>liLce of the cniddle rectal artery ^ end {e} %'esical bnmehea to the 
funduj of the bladder, setpinaJ vesicle* and profttate* ^ 

OutsMe the pehiS ^—.Muscular branches supply the GluteuJ* maxrrnu*, the lateral 
mtamrs of thigh, and the muscles attadicd m the tuberosity of the iadiiuro j they 
ansatoinose with the superior gluteal» internal pudendal, obturator Bnd medial circum- 

ftex femorai arteries, * ■ ■ 

Coccygeal branches run medially, pierce the sacrotubcitsu^ ligament^ and supply 
the Gluteus miisitnus and the atructures on the back af the crtccyx. ^ ^ 

“rhe atieria cnmJtans ncrvl ischiadici* a long slender ve^c3| nccompantss the 
sciatic nerve fora short distance ; it then penetrate* it, and runs in d* *uh$tance to the 
lower part of the thighs 


Fig. 724,—The dreper braEiehcs of the fhtemil pudendal afltry- in the nude. 



An afiiistnmotic branch, direrted obliquely downward* acmB the lateral rotutor 
muscles of the thigh, assist* in forming the scumllcd emewif vttnftofnotis (p^ Sa4) by 
Joining with the first perforating sjkI the medial and lateral circrum^rx fenoral apiencs* 

An articular btinch, generally derived from the ftnastEmiotic, is distributed to 
the capsule of the hip^Joint. 

Cutaneous braocbc* are diatributed to the akin of the buttock and hack of the 
rhifib^ 

Branches from the posterior trunk of ihc internal iliac artery.—The ilio¬ 
lumbar artery (fig, 730}, runs upwards and latcmllyT in front of the sacm-iliac 
Joint and the lunit^acm! trunk, and behind the obturator nerve and the external 
itiac vessels, to the medial border of the Psoas major* behind which it divides into a 
lumbar and an iliac branch^ 

The lumbar branch supplies the P&ois major and t^admtus ImrubomrOp 
anastomoses wdih the fourth lumbtir artery^ and sends a small branch through the 
intcrt^ctfcbral foramen between the fifth lumbar vertebra and the base of the saentm^ 
into the vcrtcbml icanol to supply the eaudo equina. 

The Mine branch supplies the iljacu* ? Bome offsets run between the musele and 
the bone, and onactomctse with, the iliac branches of the obtutatc^r artery ; one of ihEi^c 
enters an oblique canal to supply the bane, while others run dicing the crest of the 
ilium^ distributing branches ta the gluteal and abclominal muscle*, and ans*tomE:>sing 
in their eouric with the superior gloteab circumflex iliac and latend circmnfiex femond 
srtetirfi. 
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The lateral sacral arteries (hg^ 7 J^) from the posterriar tmnL of the 
inicrnal iliac artery j there are usually twog u superior and an inferior- The jwj&tfrforp 
and largerp passes medially^ and enters the first or second pelvic sacral foramen, 
supplies branches to the contents of the sacral canal p and* escaping by the corre¬ 
sponding dorsal sacral foramen^ is distributed to the skin and muscles on the 
dorsurn of the saenun* anastorriosing with the superior gluteal artcr}^ The m/m&r 
runs obliquely across tJie front 

h"io. 735.—^Ihe firteri«t of the left ^lutcnl and 
potidftior fnnorBl region. 


of the Piriformis and the sacra] 
nerves* descends on the front 
of the Sacrum lateiul lo the 
sympathetic trunkp and anas¬ 
tomoses over the coccyx with 
the median saenti artery and 
the opposite lateral sacral 
artery. Branches from this 
vessel enter the pelvic sacral 
Foramina to be distributed 
like those of the superior 
lateral sacral. 

The superior gluteal ar¬ 
tery (figs. 730i 755) is the lar¬ 
gest branch of the internal 
and appears to be 
titc contmuaiion of the post¬ 
erior trunk of that vessel. It 
is a ahiirt artery^ which runs 
backwards between the luinbo- 
s^icral trunk and tlie first sacral 
nerve p or betn'cen the first 
and second sacral nciv'CS* 
and, passing out of tlie pelvis 
through the upper part of the 
greater sciatic foiamcn abrrve 
the piriformis, divides into a 
supirficial and a drep hFomk. 

Within the pelvis it gives off 
twigs to the Pirifonnifl ^nd 
Obturator intemuSp and a 
nutrient artery to the hip-bone. 

Tht supfTfidalhrattfh enters 
the deep surface of the Gluteus 
maximus^ and divides into 
numerous branches ; s<ime of 
these supply the muscle and 
anastomose with die inferior 
gluteal artery; odiers perforate 
the tendinous origin of the 
mnsete* supply the skin cover¬ 
ing the posterior surface of 
the sacrum, and anastomose 
with the posterior branches of 
the lateral sacral arterica. 

I'he iitep ^r^llrA lies under die Gluteus mcdius and S4>on splits into A superior 
and an inferior division. The superhr divimtn mna along the upper border of the 
Gluteus minimus lo the anterior superior iliac spine* anastomosing with the deep 
circumfiex iliac artery' and the ascending branch uf the lateral drcumficx femord 
artery. The tnferwr divisiifn emsses the Gluteus minimum obliquely, distributes 
branches to this muscle and to the Gluteus medius* and anastomoses with the 
Littetal circumflex femoral artery; one branch enters the ttoebante He fossa, where 
it anasiumt^cs with the inferior gluteal and tfie ascending branch of the medial 
circumflex fcmoml artery i other branches pierce the Gluteus mmimtis and supply 
the hip-joint. 


Svp. M. 
Mimuttur trft. 
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Surfa£je —The ^upcriar RlureuL anery cmcti^efi from tlifl pelvis at the 

jiiTictian of the upper and middle thirds of a line joining tlw posterior superior iliae 
itpinc to the apex of the greater tnx-himter of the fonuTh 


Tiie ExntitNAr, Iliac Auterv (figs. 750 , yjfj) 

The extemA] iJtac artery b larger than the internal iliac artery^ and runs 
obli[jucly downwardu and laterally^ along the medial border of die l^as major. 
It extendi fron\ the bifurcation of the common iliac artery to a point behind the 
inguinal ligamentr midu'^y between the anterior superior iliac spine and. the sym¬ 
physis pubb., whens it emen the thigh as the femofal artery. 

KeUtiDaB ,^^—[n front mui mfdiully the external iliac artery is in mbdDn mth the 
peritoneum and extrapentoneal tissue^ which separate the right artery from the 
temiination of the ileum and frequently the yermifoirn appendix ^ and the left 
artery from the sigmoid mion and some coib of the small intestine. The beginning 


Fig. 716.— ^ a dluectiotL of tlM derp surfaet of thr Eowct part of \ht atHdominml 

of I he rl^ht ijde btiSow the kyel cf the urccuue line. The femoral and deep 
ini^uiiul lings are togcihcr with the vmaeli and other vtructum in 

rclinion with thetti. 
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of iht artery may be crossed by the ureter; in the female it is crossed by the 
ovurian vesseli. The teaticukr vessels lie for some distance upon it near its termina- 
tionp and it b crossed in this situation by the genital branch of the genitofemoral 
nerve^ the deep circumflex iliac vcin^ the ductus deferens in the malc^ and the round 
ligament of the uterus jn the female. Porimorty it is separated from the medial 
border of the Plsoas major by the iliac fascia. The external iliac vein lies partly 
behind the upper part of the artery^ but is on the medial side of Its lower part. 
Laltratiy It b related to the Psoas; major, from which it is separated by the iliac fascia. 
NumeriDits lymphatic vessels and Ijmph nodes lie on the front and sides of the vesficl. 

finmebes.—Besides eupplying scvenil small branches to the Psoas major and 
the neighbouring lymph nooeSp the external iliac artery gives off the inferior epi¬ 
gastric and deep circumflex iliac bnmehes. 

The inferior epigastric artery (figs. 587, 736) arista fram the cxtemaL iliac 
artery immediately above the inguinal ligament. It cunw forwards in the extra- 
peritoneal tissue^ and then ascends obliquely along the medial margin of the tlMn 
ingubtal ring; continuing its upward course, it pierce# the tran^vcrsalis fascia, 
passes in front of the urcualc linci and ascends between the Rectus abdominis and 
the posterior bmcfla of its sheath. It finally divides uiio numerous brnnehes, which 
ans#tomoie, above the umbilicus, w iih the superior q>igastric bmneh of the internal 
timradc artery and with the lower posterior IntcriDOstal aiteries. As the inferior 
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epigastric artery passes obliqueJy tipM'ards Its origin it Ucs along the louver and 
medial margins of the deep inguinal nng^ and behind the oommcnccmeitt of the 
spcmiatk eord^ gepamted from it by the transversalis fascia. the male the ductus 
deferens, and in the female the round ligament of the uterus, ^sinds round its latcniJ 
surface. The inferior epigastric artery suppLes the following branches ; 

The crema^teiHic artery aecompaiiicsi the spermatic cord, suppheii tbt CtttiiuL^tcr 
snd Olher coverings of the cord^ and nnsstomo^a with the testicular artery. In the 
female the artery Is very small and accompanies the round ligement of the urenaa, 

iiubie bmneli descends alon^ the medial margiti of the femoral ring to the bach 
of the pubis, and there anaBtomoscs with the pubic branch of the obturator artery. In 
about 38 per cenl. of subjects the pubic bmich ia largci and takes the place of the 
obturator artery^ (p. Sit}. 

are distributeil to the abduminat musclcg ond the periioncum, and 
anagtomo^c with die circumflex iliac and lumbar arteries. 

Cutaneous branches perforate the oponcurosiB of the Hxicmal oblique musclen 
supply the skin and anastomose with branches of the superficial epigastric artery. 

Pecah'aWfwf.—The inferior epi^tsatric artery may arise below the inguinal ligament, 
fmm the femonal artery and then it ageends in front of the fcmonil vein. ]t frequently 
springs from the exierrtal iliac artery, by A commDn trunk with the abnormal obturator 
artery and ramiy it ariBes from the obturator artery. 

Appiifd AH»tQmy. — The inferior epigaatric artery has unportant surgical lelatfons, 
and is one of the principal meanB^ thmugh its anostomogls %¥ith the intcmal thnracic, 
of establishing the colUtcnal dToulation after Jigature flf cither the common or extemaJ 
iliac arteries, tt licfl close to the deep inguinal ring, and is therefore mfdmt to the 
rtrek of the sac of an oblique inguinal hernia, but iaifrat tn that of a direct inguinal 
hernia^ Us these emerge from the Q bdomeo. 

The deep circumBex Iliae artery^ arises from the lateral side of the extema] 
iliac artery' nearly opposite the inferior epigastric artery, [t ascends obliquely to the 
arLtorior superior iliac spine and behind the ingiiifial Jigamentp m a sheath formed by 
the junction of the tnmsversalis and iliac fjtscirc. There it anastomoses with the 
ascending branch of the lateral circumflex femoral artery^ It then pierces the iraua- 
vcrsaltB fascia and passes along the Inner lip of the crest of the ilium to about its 
tniddle, ^vhcrc k perforates the Trans versus abdominis and runs backwards bettvee-n 
that muscle and the Internal oblique, to anastomose with the iliolumbaj' and superior 
gluteal arteries. Opposite the anterior superior ihac spine it ^ves off a large 
minding branch (fig. 585), which runs between the Internal oblique and Trans- 
versus, supplying them, and anoaiomoslng with the lumbar and inferior epigastric 
arteries. 

C^^ihicrai Cirfifiatjnn .—A collatEiral circulation is fairly quickly established after 
ligature of the common iliac artery in young adults;* When the arteriti walls are 
degenerated in older aubiecta, however* it Is unlikely to be efficient enough to supply 
the limb. 


THE ARTERIEP; OF 'FHE LOWER LIMB 

The chief artejy of the lower limb is a direct continuation of the external iliac. 
It extends from the level of the inguinal ligament to the lower bonder of the Pnp- 
liteuE, where It divides into the anterior and posterior tibial arteries. Its upper part 
IS named the femoral artery t its low^cr^ the popliteal artery'. 


The Femoral Artery (figs, 7-740 

The femoral artety^ is the continuation of the exlemal ilisc arter)'. It begins 
behind the inguinal ligament midvk^y betw^cefi the anterior sui^rior Iliac spine and 
the symphysis pubis^ and passes dowm the front and medial aide of the thigb. Tt 
ends at the junction of the middle with the lower onc-thlrd of the thigh, vvhere it 
posses through an opening in the Adductor niagnus to become the popliteal artery^ 

* For dcTAlh acr papers by Owen, Afed. Ckifi TVitfjfl. vol- svs and Sir Ajticy Cooper* 
Gu>''j n<apilal Rfept}rii^ voL i. 
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The upper part af the femoral artcr)' is contained in the ftmt>rai inangte^ the lower 
part in the adductor cunuL 'l*he tim 3 em. or 4 cm. of the ve^isel arc 

enclosed^ togeiher with the femoral vdn, m ihcfm{trdj ^htalh. 

The femom] sheath (fig. 737) ia formed hy a prolongation dawmwards^ behind 
the inguinal ligament, of the fascin! lining the abdomen^ the tnitisvcrsalis fascia 
being continued down in front of tlic femoral vessels and the iliopcctjneal fascia 
behind them. The iheatii has the form of a short funnel, the wide end of 
which is directed upwards, while the lower, narrow end fuses with tlie fascial 
mvcsimeni of the vessels, about 3 or 4 cm- below the inguinijil ligatncnt^ In the 
ncwly^bnm the sheath is much shorter and becomea elongated after hiith when the 
etlended position of the thigh becomes habitual. The late ml wall of the sheath is 
Vertical and is perforated by the femoral branch of the geditofemoral nen^c ; the 
medial wall Ts directed obliquely downwards and laterally^ itnd is pierced by the long 
saphenous vein and by some lymphatic vessels. Like she carotid shcatli (p. in 
structurct the femoral sheath consists of a mass of connective tissue in w hich the 


Figl 737.—^The struELturet piisstiiff behind ihe in^iiml Ligament. 
Seen from below. 



femoral tassels are imbirddcd. It is customary to describe three compartrnenu | of 
these, the lateral contains the femoral artery:, the intermediate the femoral veift+ 
w'hllc the medial and smallest compartment is flamed the ffmoral carnal, and contains 
some lymph vesseb and a lymph node, imbedded in a amaJt amoimt of areolar 
dssiie. The femoral canal is conical and measutca 1 *25 cm. in length ; its base, 
directed upwards and named the femoral is oval in form^ Its long or transverae 
diameter measuring t “35 cm- ITie fenrond ring (fig* 737) is bounded in front by the 
inguinal ligament, behind by the Pecdneias covered by iia fascia, medially by the 
crescentic base of the lacunar ligament, and jateralLy by the femoral vein- The 
spermatic cord in the male, and the round Lgament of the uterus in the female, lie 
immediately above the anterior maTg;in of the ring, while the inferior epigastric 
vessels artr dose to the junction of iis anierior and lateral boundaries^ ITic ring ia 
larger in women than in men. This difference is acoounted for partly by the greater 
brradch of the female pelvis and partly by die aoiajler siic of die femoral vessels. 
The femoral ring is closed by a somewhat condensed porrion of the extraperitoneal 
tissue, named the femoral upiam, which contains a srimll lymph node and is covered 
hy the parietal layer of the peritoneum- The femoral septum is pierced by numerous 
lymph ve^Is passing from the deep inguinal to the external iliac lymph nodes. 


THE FEMOR-^L ARTERY 


The femoral tHflngle (Eg. 622) corresponds io the depression seen immediately 
below the fold of the groin. Its spex is directed dowTiwards, and die sides 5Te 
formed, laterally by the medial maipn of the Sartorins^ medially by the medial 
margin of the Adductor bngus, above by the inguinal ligamirnt. The floor of the 
triangle b gottcr-like and is formed klcratly by the Ibaeus and Psoas niajor^ and 
mcdUlly by the Pcctineos and Adductor longu^ The fcmonil vessels, which extend 
from near the middle of its base to its apex^ lie in the deepest part of tile guttefn On 
the lateral side of the femoral alter)’ the femoral nene divides into iUi branches* 
Besides the vessels and nen^eSp this triangle contains aonie fat and lymph nodes. 


Ftc, —.4 tiwiavcrec srcUoti ihroiiah the thiah at the leicl of the apes of the 

fetnoral trianHle. About four-fifibt of the rmiuraJ abse- 



Ptttjundn frmorir 




The adductor (subsartorial) canal (fig. 73^) is an aponeurotic tunnel in the 
middle one-third of the thigh, extending from the apex of the feinonil triangle to 
the opening in the Adductor maRnns through which the femoral vessels pass from 
the fmni of the thigh 10 the popliteal fossa, ft is triangular on transverse section^ 
and is bounded, in front and late rally» by the Vaatufl mediafis; behind, by the 
Adducidr longus above, and Adductor magnua below'; and is roofed by a strong 
aponeurosis which extends from thE?se muselcsp acr^^ss the fcimnU vessela,^ to the 
Vastus medialia* ^The Saitorius lies on the aponeurotic rooE ^fhe canal contains 
the femoral artery and vem^ and the saphenous nerv^e; the nerve to the Vastus 
medialis traverses the proximal part of the canal, and then enters its mnschr. 


The relations of the femotal artery^—In the /rmor^/ trianglt^ (fig. 740) the 
artery Is covered with the akin and superficial fasdat the aupcrficial inguinal Ij^nph 
nodc^ the fascia lata and the anterior pan of the femoral sheath, and is crossed 
by the superficial dreumfiex iliac vein, which runs in the snpcrficial fascia^ The 
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femoral branch of ihe genitofemoral nerve courses for a short distance AvUhm the 
lateral aimparlmenl of the feinnral sheath, and hes at first lateral tio and then in 
front of the artery. Near the a|>ex of the femoral triangle the medial cutaneoua 
nerve of the thigh crosses the artery from its latend to its medial sidcp 

Behind^ the artery lies in contact with tlje posterior part of the femoral slieath^ 
by which it is separated from the tendon of the Psoas loajor^ the Pdctinciis and the 
Adductor longns, in that order from above downwards. The artery- is separated 
from the capsule of the hip-joint by the tendon of the Psoas major^ from the Pectincui 
by the femoral vein and profunda vessels, and from the Adductor longos by the 

FlOh A trmnsvcttc lection thrpuflt! the irkiddle of the thighn Four-fiithf 

of natumi iiar. 
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femoral vein—the profunda vessels having passed posterior to the Adductor tongtis+ 
The nen c to the Pcctineus passes medially behind the upper end of the artery, 
the artery m reUted to the femoraf nerv^e. Tlie femoral vein is medial to 
the artery in the upper part of the femoral triangtc:^ and posterior to the artery^ m the 
lower part. 

Ln the tiddttcior Ltimd (Eg?, 7^9, 740, 7+1) the femoral artery is more deeply 
situated, being covered with the skin, the superficial and deep fasciae, the Sartnriua 
and the fibrous roof of the camilr The saphenous nciy'c is at first on the lateral side 
of the artery; it thEm lies in front of and below Is pbced on its media) aide. 
Dchind, the artery ia related to the AdeJuctor longtw above, and Adductor magnus 
below ; antertifut^ul to it are the Vastus medtslis and the nenrt to this muflcle+ 
The femoral vein lies posterior to the upper^ and Lateral to the lower, part of the artery^ 

Svrfact Atutfomy. — *Thi: arltuy entem the thigh at a paint in the fold of the tirom 
midway between the anterior luperior Uiac spine and the pubic symphysja. It cor- 
Tciponds m the upper fwo^thirds of a line Joining this point to the adductor tubercle 
when the thigh is somewhat flcicd, ihdkicted and rotated linemlly. The pulsattoru of 
the upper part of the vessel are readily palpable. 
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THE FEMORjVL artery 

Pecuiiaritit-f .—Jn rare the feKUiral artery divides^ bcluw the <irigiii of the 

arteria piufunda femoris^ intn two trunks^ Awhich reunite near the opening in the 
Adductor maenus, (Jccasionally the fcrnaral artery is absent, its place being supplied 
by tlic infenor gluteal artery^ which accoinpanic# tlAe aciadc n^jrve to the poplile&l fOK^, 
Thb condition represents a persistence of the upper part of the original aicJs arte^ 
(p. 172) and in theie cases the external iliac artery ii stiiail, and ends &s thc^irtcria 
profuiAda fL'niorls. 

Apfstvd ^dflrtleirrv.—Compression of the femoral artery is mi}At effectufllly inade 
immediately bebiv the inguinal ligamenr In this situation the artery is superfieifl], 
and is separated from the superior ramus of the pubis by the Pstssia major: here 
digital comprcsgion vtill elTectuaily contitil the eirculaticm through ir. The vessel may 
also be ajnWIed in the middle third ef the thigh by a toumiciuet which presses the 
vessel against the medial side of the femur. 

Branches—r. The superficial epigastric arteiy (fig. 740) arises from tJic 
front of the femoral artery about t cm, below the inguinal ligament, and, piercing 
the femoral sheath and the cribrifonri fascia, ascends in front of the inguinal liga¬ 
ment, and between the two laycra of the superficial fascia of the abdominal wall 
nearly as far as the umbilicus. It distributes branch^ to the superficial inguinal 
lymph nodes, the superficial fascia and the skin ; it anastomc^'s with branches of 
die inferior cpigiislric ariciy, and with its fclIoAV of tfie opposite side. 

2. The superficial circumfles iltac artery (fig* 740)^ the smallest of the 
superficial bTunchc^ of the femond arterj-, arises close to the preceding ve^tel. and 
running latenallyp parallel with the inguinal ligament, pierces the fascia latii near the 
anterior superior iliac aptne; it gives branches to the skin, superficial fascia and 
superficial inguinal lymph nodes, and anaatomoscs with the deep circumflex iliac, 
the superior gluteal and the lateral dneumfles femoral arteries. 

3. The superfieifll extcma-l pudendal artcfy (fig. 740) arises from the medial 
side of the femoral artery, clcjse to the preceding vessels. After piercing the femoral 
sheath and the cribriform f^cia, it courses fnMially, aertras the spermatic cord (or 
round ligament of the uterus in the female), to Im distributed to the skin on the 
lower part of the abdomen, the penis and scrotum in the male, and the labium maj us 
in the female, anastomosing with branches of the internal pudendal artery. 

4. The deep external pudenda! artery (fig. 740) passes medially across t!ie 
t^cctincus and cither in front of or behind the Adductor bogus ; it is covered by 
the fascia lata^ which it pierces at the medial aide of the thigh, and thereafter It is 
distributed, tn the male, to the skin of the scrotum and perineum, in the female to 
the labium majus; its branches anastoniose with the scrotal (or labial] branches of 
the intcmiti pudendal arlcty* 

5. EVfuscuLar branches are supplied by the femoral arteiy^ to the Sartonns. 
Vastus media!is and the Adductor muscles* 

6. The arteria profunda femori* (figs. 739,740 and 741) is a large ve^l 
from the bteraJ side of the femoral artery, abuiii 3-5 cm. betoAv the inguinal liga¬ 
ment. At first lateral to the femoral artery^, the profunda then runs behind it and 
the femoral vein to the medial side of the femur, where it p^cs between the 
Pectineu^ and the Adductor longus and then lies between ilic latter and the anterior 
surface of the Adductor brevis. It continues Ijctwcen the Adductor longus and 
Adductor inagnua and ends by piercing the Adductor magnus to anastomose with 
the upper muscular branches of the poplitca! after\% The terminal part of the prt>- 

funda is sanietimcs named thc/oMT^A 

Relalions._Uf/irW, fmm alxivc downwards, it is related to the lliacu^ Pcctineiis, 

Adductor brcvisi, and Adductor msgntis. In it i& separated from tiie femoral 
arlciry by the femoral and profuttda veins above^ and by the Addutrtor longus below* 
lAtferalfy^ the origin of tJie Vastus inedialifi inten encs between k and the femur. 

—ITii* vessel wmctlmes arises from the medial side^ more puely from 
the back of the femoral artery. When it arises fmm the medial ride, it may cross in 
front of the femoral vein and then puss back wards round its medial side. Llic distance 
fmm the inKuiiml UgMnem of the orisfin of the vessel is variable. It usually between 
Z’5 cms. and 5 ems. below it. 

'Fhe arteria profunda femoris is the principal arter)' of supply to the adductor, 
extensor and hamstring muscles, and in addition it eatahlLshcft a number of mtpor- 
tant anastomoses which serve to cormect it w’ith the internal and external iliac arterira 
above and the popliteal iirtcry bebw' (p* 824). 
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Brancbes.—The lateral circumfleK femoral artery arises from the lateral 
side of the profunda arterj-, passes laterally between the divisions of the femoral 
nerve and behind the Sartorius and Rectus femoria, and divides into as«nding, 
tiansvene and deaecnding bnmehesv Occasionally it arises from the femoral artery. 

Tia. 740 .—Thfc femonil 
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The ojCfmiin^ hfwtch passw upwards afong thtj intertrochanteric line, under 
cover of the Tensor f&seixc latse, to the Lateral part of tlwr hip ; it anastomoses v^ith 
the terminal branches of the guperior gluteal and dt«p dreumflex iliac arteries, 
and sends a twig to the hip-joint between the mediaL and lateral partfi of the ilio- 
femtiral Ugatnent. 

The i^Mftding branch^ which may arise as an independent branch direct from 
the profunda femoris or, sometimes, fmni ihe fcmoril anerjv runs downwards^ 
behind the Rectus femoris^ along the anterior border of the Vastus btcralLs, to which 
it gives offsets i one long branch descends in the latter muscle as far as the knee, and 











THE CIRCUMFLEX FEMORAL ARTERIES 


Anastomoses with the lateral superior freniculiij' branch of die popliteal artery. It ia 
Accompanicfl by the nerve to the Vastus lateralis^ 

The /rfliHwTO branch, the smallest, passes latcrallv over the Vaattis uttemnediua, 
picrctss the Vastus later^is* and winds round the femur* just below the greater 

Fio. ^^1.—The ri^ht prohmdA fcmoTis arrei>'- 
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Lrochantcr, anastomosing on the back of the thigh with the medial circtimfle^t 
femoral* inferior gluteal, and first perforating arteries (emriaie anastamotis). 

The medial circumflex femoral arteiy usually arises from the postcramcdial 
aspect of the proftinda arteiVt but fteciucnlly springs from the femoral artcr}'. It 
gives off muscular branches to the adducUir mu^cks Etnd then winds round the medial 
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side of the femur, passing first between the Pcctiaeus and Psoas major, and then 
between the Obturator ejaemua and Adductor brevis, and finally appears between 
t)it Qusdratua femona and the u pper border of the Add tictof magttus^ where it 
divides into transverse and ascending branches. The hrmteh takes pan in 

the formation of the cruciate anastomosis. The branch runs obbquely 

upwards upon the tendon of the Obturator cxtcmtis and in front of the Quadratm 
femoria towards the trochanteric fossa^ Avhcrc it anastomoses with twigs from the 
gluteal arteries. An acetuffui<iT branrh arises from the medial cireumflex femoral 
after)' at the upper border of Adductor brevis and enters the hJp-joint beicnv the 
transverse scetafaular ligament^ in company with the acetabular branch from the 
obturator artery : it supplies the fat in the acetabular and is continued ahmg 
the ligamcntum capitis femoria to the head of the femur. 

The perforaling arteries (fig. 735), usually three in number, arc so named 
because they perforate the insertion of the .Adductor magnus to reach the back of 
the thlghn They pass backwards close m the linca aspem of die femur under cover 
of small tendinous arches in the insertion of the rnusde, and give off mu^ular, 
cutaneous and anaatomosing branches. Reduced iu size, they pass deep to the 
short head of the Biceps femoris (the first usually pierces the insertion of the Glute^ 
ma)i;imu9}p pierce the lateral iniermitseular acptiun and enter the Vastus lateralis. 
Ilie fii^i perforating artery is given off above the Adductor brevis^ the second in 
front of that muscle^ and the third immediately bclow^ it. 

first perf^?raimg artrry posset backw'ardt betw een the Pectineus and Adducter 
htcvii(9omfiTini«i it perfarates the latter muade} ; it then pierces the Adductor magnufl 
close to the linea aapem. It gives branchei to the Adductor brevis^ Adductor mag- 
nus. Biceps femona and GJutcus maximus^ and anasromoscs w ith the inferior gluteal, 
medial and lateral circumflex femorah and second perfoTUting artcrie.v. 

The mirmiperfaratinj^iirtiTy', larner thiin the first, but frequently arising in common 
with it, pierces the ir^ertions of the Adductor brevis and Adductor magnum, and divides 
into ascending and descending branchca, which supply the piiaterior femoiml muscles, 
anastomosing with the first and third perforating arteries. The nu-rriml or/rty of ilw 
femur is usually given off from this artery^ ; w^hen two nutrient arteries exists they 
usually spring froru the fitat and third perforating vcftwts. 

The arltry is given off below tlie Adductor brevis ; it pierces the 

tnsertiuti of the Adductor magnus, and divides into branches which supply the 
posterior femoral nujisckai and anastomose abov'e with the higher pierforating arieries^ 
and below with the tcmii nation of die profunda and the muscular bmnplica of the 
pupliteah 'I'he nutrient artety' of the fcniur may trise from this branch. 

'The terminatiDti of the pinfunila artery, already described, is sometimes called the 
fiturih prj/cTurujyf artrry^ 

The perforating arteries form a double chain of anastHTno^ing vesscl!i^ {a} in the 
muscles and (A) dose to the Mum aspera. 

Ntimerous mmeutax branches arise from the artcria profunda femoris ; some 
of these end iu the Adductors, othei^ pierce the Adductor mognua^ give branches 
to the hamfitrings. aud dnasiomose with the medial circumflex femoral arten^ and 
with the Bupciior moseuLir btanchca of tlic j^phteal artery. 

The anatstomoais cm the back of the thigh*—An important chain of anastom¬ 
oses stretches from the gliiteitl region to the popliteal fossa, and is formed fram alw ve 
downwards, as follows : (ii) the gluteal arteries anastomose iviih die terminal 
branches of die medial cireuiTiflcx femoral artery(A) the circunnficx femorat arteries 
with the first perforating artery^ (c) the perforating aiteries with each others and 
(if) the fourth pcrfotfttmg aitery^ widi the superior miwcuiar branches of the 
pophteal ailcrv-* 

7. The d^cending genicular arier)' (fig. 744) arises from the femoral just 
before it passes through the opening in the Adductor magnus. U immediately 
gives off a saphenous branch, and then descendK in the substance of the Vastus 
Tncdialts^ and in front of ihr tendon of the Adductor magnus, to die medial side of 
the knee, where it anafitomoscs with the medial superior genicular artery, 11 su pplics 
mmeuiar branciitt to the Vastus mediatis andi .Adductor magnus, and gives off 
artioiisr bmtfcher, which take part in the anastomosis round die kneerioini. One of 
the articular braochea ertases above the patellar surhice of the femur, forming an 
anaHtomuric arch with the lateral superior genicular artery, and supplying branches 
to the knee-joint. 
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The tapkmout branch pierces the lower pan uf the roof of the aJduclor canal 
aitd accompanies Uw saphenous nerve 10 the taediol side of the knee, h passes 
between the Sartorius and Gracilis, and is distributed to the skin of the upper 
and medial part of the leg, anastomosing with the medial inferior genicular 
artery. 

CnHaieral CirrM/on'oK—After tigs ure of the ffimorHl inery above the origin of the 
profunda femciris artery, the main channels for tarrying on the circulation are the 
following anastomoses - (i> the superior and inferior gluteal branches of the internal 
iliac artery wiA the medial and lateral circumHeic femoral and first perforating 
branches of the artcria profunda femoris ; la) the obturator branch of the tnlcn^l 
itiae artery with the medial circuniHetc fenwral of the arteria profunda femoris; 
(3) the imetn^ pudendal branch of the internal iliac artery with the superficial and 
deep dceemal pudendal btanebes of the femoral artery (4) the deep cincumftcr iliac 
branch of the CKtemal iliac artery with the lateral cireumfles femonJ branch of the 
arteria piofunda fetnoris and the superficial circumilcs iliac branch of the femond 
artery ; and (5) the inferior gluteal branch of the internal iliac artery with the perfor¬ 
ating branchM of the arteria profunda femoris. 

Tut Popliteal Fossa (figs. 637, 743,981) 

Boundaries.—The popliteal fos. 5 a is a loscnge-shaped space at the back of 
the knee-joint, Ijitetally, it is bounded by the Biceps femoris above, and by the 
Plantaris and the laitral head of the Gastrocnemius below: medially it is limited 
by the Rctnitendinusus and Semimembranosus above, snd by the medial head of the 
Gasiroenemius below. The floor is formed by the p<ipUte0j surface or the femur, 
the oblique popliteal ligament of the knee-joint, the back of the upper end of the 
tibia and the fascia covering the Popliteus : the fossa is covered by the popliteal 
r^scia^ 

Contofits ffigs. 743,981}—When its boundaries are undbturbed, the po^lite^ 
fossa is only about 2-5 cm, wide, and very little can be seen of its contents. This is 
especially the case in the lower part of tijc space wJiere the two heads of the Gastro¬ 
cnemius He in contact with each other. If, however, the boundaries be drawn apart 
the fossa is seen to contain the popliteal vessels, the tibial and the common peroneal 
(medial and lateral popliteal) netves, the termination of the small saphenous vein, 
the lower part of the posterior femoral cutaneous nerve, the articular branch from 
the obturator nerve, a few sinjll lymph nodes and a considcniblc quantity' of fet. T he 
tibial nerve dcsccntls through the middle of the fossa, lying under the popliteal 
fascia, and crossing the vessels posteriorly from the lateral to the medial side. The 
common peroneal nerve descends on the lateral aide of the upper part of the fossa, 
cltwe to the tendon of the Biceps femoris. The popliteal vessels are on the HiK>r of 
the fossa, the vein being supemcial to the artery and united to it by dense areolar 
tissue ; the vein is a thick-walk-d vessel, and lies lateral to the artery above, and then 
crosses it posteriorly to garn its medirf side below ^ sometimes it is double, the 
artery tying between the two veins, which are usually connected by short transverse 
btanchik. The articular branch from the obturator nerve descends upon the arterv’ 
to the knee joint. The popliteal Ivmph nodes, six or seven in number, ire embedded 
in the fat; one lies beneath the pttpht«d near the termination of the stnall 

saphenous vein, another Iwtwecn the popliteal artery and the back of ilic knee-joint, 
vi'hile the others are placed at the sides of the popliteal vessels. 


The POPLITEAJ. Ahtehy (figs. 742. 743) 

The popliteal arterv is the continuation of the femoral artery, and courses 
through the popliteal fos». It commences at the opening in the Adductor luagnus. 
at ihc junction of the middle with the lower oitc-third of the thigh, and extends 
downwards and sligbtlv laterally to the intercondylar fossa of the femur. It then 
tuns vertically downwards 10 the lower border of the Popliteiis, where it divides into 
anterior and ^lerior tibial arteries. 

Relations.—In /row/, from above downwards, the artery lies on the fat cover¬ 
ing the popliteal surface of the femur, the back of the knee-joint, ood the fascia 
covering the Poplitcus. Behind, it is overlapped by the Semimembranosus above, 
and is covered by the Gastrocnemius and PlmtariB below. In the middle part 
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of Its cairrdc the artery is separated, from the akin acid by a quantity of fal, and 
is crossed from the lateral to tiie medial ^dc by the tibial nerve and the popliteal 
vciup the veto being bcivv-cen the jier\e and the arten,- and closely adherent to the 
latter. On its iaUrai above, arc the Biceps femorisp the tibial ncn c, the pop- 
Jilcal vein and the lateral condyle of the femur i belo^%, the Plantaria and the Lateral 
head of the Gastrocnemiua^ bn its mtdml aide^ above, are the Semimeinbranosus 
and the medial condyle of the femur; belcywv the tibial nervcn the popliteal vein 
and the medial head of the Gastrocnemius. The relations of the popliteal lymph 
nodes to the artery are described above« 

PfOiltariiiet .—Oeeasionally the popliteal artery divides imo its tenninal bimichca 
opposite the knce-j*hii ; when this oeeora the imtci-ior tibial artcr>' usually descends 


FiOi 74a,—A irauivttse section thr&uRh the thi|;hk 4 cm. tht adductor tubercic 
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in front of the PoplitemSr The popti teal artery sometimes divides into the anterior 
tibia] and peroneal anertes^ the postenor tibial artery being wannni^ or nidi- 
tnentary ; occaaionolLy it divides into iHtee branches, the antennr and posterior tiblah 
and peroneal arteries. 

Surface Anistomy ^—The popliteal artery can be represented by a hne whidi begins 
at tile junction of ebe middle and lower thirds of the thigh 2^5 cm. mediEiJ to the middle 
line of the bstek of the limb, and ftmi downwards and laterally to reach the middle 
line at the level of the knee-joint. It then descends vertically to the level oT the tibloJ 
tuberosityi 

Brunches.—^Thc poplitcat artery gives off cutaneoits^ fnusajiar and genicular 
branches^ 

'The cutaneous branches artBc clilicr fram the popliteal mtty^ or from some of 
iw branchea ; they descend bett^Tcn the two beads of the Gastrocnemius, and, 
piercing the deep fascia^ arc distributed to the skin of tiic back of the leg ; one 
Usually accompantes the small saphenous vein. 

The superior muscular branches, tna or three in number, arise from the 
upper part of the artery, and pass m the Adductor magnioi and the ham- 
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with the terminal pun <jf the artcnii pftjfimtia 


Fifl. 74J.—The Ich popUi^al. (KHtenor 
libbil and perancal sitchca. 
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The sxirai arteries are two large branched whklj arise opposite the knee- 
joint and are distribuied to the Gastro¬ 
cnemius, Soleus and Plantdris. 

'Hie superior genicular arteries 
743+ 744)t t^vo in number, arise one from 
each side of the pnptiical arterv+ and wind 
round the femur immediately niKrt'c its am- 
dyle« to gain the front of the knee-joint. 

Tlie him/jViV tupermr j^erikniar ari'^F^ nmi 
under cover of the Sf^imttnliranoaus and 
Semitendinosua, ab^ivc the medial head of 
the Gastrocnemius, and deep to the 

tendon of the Adduetar magnus. [t divides 
into branches^ one of which siippISea tlie 
Vastus medialis and yniL^iomoses with the 
deacending genicular and medial inferior 
genicular arteries; the other ramifies close 
to the surface of ilie fenmr and anastomoaea 
with the lateral superior genicular artery. 

ITie siw of the medial tiupcHor genJeular 
artery varies inversely with that of the 
descending genicular, 'rhe Ai/errtf nipmor 
itfitfV Pamirs under cover of the 
tendon of the Miceps femom, and divides 
into a $iupcrhcial and a deep branch; the 
superficial brnnch supplies the Vaatus 
lateroJis, and anasromnscs with tlic de¬ 
scending branch nf the lateral circumnex 
femoral artery' and with the lateral iiiferior 
genicular artery i the deep branch Anasto¬ 
moses with rhe medial superior genicular 
artery, and forma an arch across the front 
of the femur with the descending genicular 
artery. 

1*^ middle geaicular artery, a fmall 
branch, arises from the poplitcn] onery 
opposite the back of the luice-joini' 
pierces the oblique popliteal ligament^ 
aupplies the cruciate ligaments and uit 
synovial membtrane of tlic knee-joint. 

The inferior genicular arteries (figs. 

743, 744h two in number* arise from the 
popliteal artery under cover of the Caatrew 
encmiuH, ^Hic mrdinj iftftriiyf gtmailur 
dfterv lies deep to the medial of the 
Ciflstrocncmius and descends along the 
upper margin of the Poplitcus^ to which it 
gives branches: it then passes below the 
medial condyi’e of the tihia and under cove r 
of rhe tibiai collaieral (medial) ligament 
of the knee : at the anteriur bottler of tlus 
ligament it pscenik to ibe front and medial 
aide of the joint, suppliers the joint and the 
upper end of the tibia^ and anastomosca 
with the lateral inferior a nd medial auperior 
genicidflr artetieir ITie ittifral mfetifjr 
gimimtar i^rfny runs larerally semM the 
Pop1ltett»,and then forwards above the head 
of the hhula to the front of the knee jninti 
passing in its course under covet of the 
bteral hesil of the Gastrocnemius, the 
hbular collateral (lateral) ligament of the 
knee, and the tendon of the Biceps femoris. 
with the medial inferior geniculari latend 
reeurrent Artcriea. 
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The anastomosis around the knee-joint (Rg. 7 . 14 ).—Around and above the 
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patella, and on the ontiguoUB ends of the femur and tibia, an inlncBtc arterid 
anutomosia forma a superficial and a deep network. 'ITie tuprrjiciiit netteork is 
situated between the fascia and akin round about the patella, and forms three wcU- 
defined arches; one abo^-e the patella in the loose connective tissue over the Quadri¬ 
ceps femorifi, and two below the paiclla in the fat behind the ligamentwn patella. 


Pig. 744.—urteriil sitmnd the knr^joint. fScbcmalic.) 
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The deefi nrifcork lita on the lower end of the fcmiir and upper end of the tibia 
around tlitir articular wjrfacca, and »ends niimcrOLig ofFi^ta into the interior of the 
joint. The vessels forming the ann^toniosis are the medial and lateral genicubr, 
the descending genicuLir, the descending branch of the latei^ circuniflex femoral, 
the circumflex hbulart and the anterior riblal reeuiTcnt artcncfi. 


The ANTotion TtflJAL Aktery (figs* 743, 745, 746) 

The flulerior tlbial Mteiy is one of the two terminiil branches of the popliteal 
artery and arises at the tower border of the Poplitcus- Situated at first on the back 
of the leg* It passes forwards between the two hcada of the Tibialis posterior and 
through the upper part of the interosseous memhnine to the front of the leg, king 
medial to the neck of the fibula. It next descends on the anterior surface of the 
internsseoua rncnibmocH gtudtmlly appmaching the tibia: at the lower pan af the 
leg it U« on thb bone (fig. 747Js and then ori the fmni of the afikle-jomt midway 
betw^eeti the two matleoli* and Is continued on the dorsum of the foot under the 
name of the dorsafts pidit artery. 

Relations,—In the upper two-thirds of ila olent, the antrrior tihial artery rests 
upon the interosseous membrane of the leg ; in the lower one-third, upon the frotii 
of the tibia and the ankle-JoinL In the upper one-third of its course, it lies between 
the Tibialis anterior and Extensor digitorum bogus ; iit the middle one-third 
between the Tibbdia anterior and Extensor hallucii bngus. At the ankle it is crossed 
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fix>m the laicifll to the medial side by Uie tenddii of the Estriisor halbeis lunguSp 
and then lies betweot it and the first xtmdan of the Exte^r digiiorum lon^. Its 
upper two-thirds ftre covcied bv the muscles which lie on each side of it, and 
by the deep fascia ^ its lower one-third^ by the skin and fasciEc, and the extensor 
retinacula. 

A pair of vciue comitntiltr?! lie one on each side of the artery. ITie deep pertmr^l 
(antednr tibial) nerve^ coursing round the lateral side of the neck of the fibub, 
comes m!0 rekiiou with the lateral side of the artery shortly after the I alter reaches 
the front of the leg ; about the middle nf the leg the is in front of the artery ; 
at the lower pan it is generally on Lis lateral side* 

Stiff rht line representing the antennr tibial ■rtcr>' bcjrmi a 5 cm. 
below the medial aide of the hesd of the fibula and enda at the mid-point between the 
two itiaUeoIi. The vessel can be felt ptilgaiing latEral to the tendon of the extensor 
hallucis longus HI the ankle. 

vessel may be smaller lltaTa usual, or may be abseni; its pl^e 
being supplied by peifonittfig branches from the pnstenor tlbiil, or by the perforating 
btanch of the |>emncal artery. The artery occasionally deviates towards the fibnlsr 
side of the legp regaining it# usual positron at the front of da: ankle. 

Braiiches.—The posterior tibial recurrent artery—an iiicoiwULiit branch—is 
given off from the anterior tibial artcrv' before that vessel reaches the front of tlse leg. 
it ascends in front of the Popliteus in company with the nerve to that miwict anjBto- 
moses with the inferior gcniculsr brandhes of the popliteal artcO'p gi%'ei nn ofliiet 
to the superior tibiofibular joint. 

The anterior libial recurrent artery (fig. 74s) arises from the anlcmr tibjal 
artery, ai sonn aa that vessel ha# tenchetl the front of the limb i it ascends m the 
TibiahH anterior, ramifies on the front and sides of the knec-jointp and assists in the 
fonnation of the patellar netwoTk by anaslomnaing with thv genicular bmnehea of the 
popliteal arterv^ and vn'th the descending genicular atteiy^ % u 

'Die muBcutar branches am mmacrous sind arc distributed to the muorips which 
lie on each side of the vessel ; some pierce the deep fascia to supply the othert 
ptisa through the interosseous raembnute of the leg, and anastatnosc with branches of 
the posterior tibial and pcmfiesi arteries. * l 

The flfiterior medial mallcalar artery (fig, 7+5) onscs about 5 cm. al^yc the 
ankle-joint, and posses behind the tendons of the Extensor ball ucis longua and Tibia!^ 
anterior, to the medial side of tIic ankle, where if aniistoraoscs wjth branches of the 
posterior tibial and medial plantar larteriei. k * t , 1 ft 

The Anterior lateral nialleolaj- artery ffig. 745) passes behind the tendons of toe 
Hxtcteior dliritorum longus and Peroneus tcrliu*; it supplies the lateral side of the 
ankle, and anaatocnoses with the perforating branch of the peroneal mrttry and with 
ascending twigs from the lateral taraal artery. 

The oncries around the unklc-joint an^twnosc freely with one another and form 
networka below the corresponding malleoli. The mfdtai wnmifular aa formea 

by the anterior medial malleolar branch of the anterior hbial irteiy, the me^dial large] 
branches of the doraalia pedis artery, die malleolar and calcanean bran^cs of the 
posterior tibial artcrv, and hronches hmn the medial plantar artery. The Mtral 
malleetar nfiitvrk ia formed by the anterior Jalerat malloDlar branch of the omenor 
tibial irterv, the lateral rarsal branch of the dorsaha pedis artery, the pertoral- 
ins and th^ calcanean brancheit of ihe peroneal artery, and twigs from the lateral 
plantar artery. 


The An-rotM Dorsalis Pfdis {fig. 745) 

The w*eria dorsalis pedis, the egntinuation of the anterior tibial artery, 
passes distallv from the anMe-joini along the tibial side of the doiaum of the foot 
to the proxinud part of the first UitemietataTMl space, where it descends into the sole 
of the fool between ihc two heads of the first Doreal mienosseoiis muscle, and com¬ 
pletes tile plantar arch (fig. 748). At its junction with this artery n gives off the^n^ 
plantiif mftatartai artery (p. 834), 

Relations.—'Hie artciia dorsalis pcdis is accompanied by two veins, and lies 
iucct£#ivcly upun iht front nf the atticulnt capsule of the ankjc-jointi. me UiJu 3 i 
navitular and intermediate cunriform bones, and the Iigjmcnte connecting 
ihem. it is covered by the akin, fa#ciaf. and inferior extensor rctmaculum and 
crossed near its termination by the Hsicnsor haUuds brevis. On its tibial 
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ji'Jf it 15 related to the tendon of the Extensor halluds Iong:u^; on its 
tid^f lo the finji tendon of the Extensor digiilorum longua, nnJ the media] 
tcrminiil htrocli of the deep pemneal (anterior tibial) nen c. 


FlO+ 745*—TTic TiH^t antericT tibiMl nnd domlli 
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Sur/iice Aruiimny \—Being super- 
ficiidiy pldiced* the Vessel can be felt 
pulsatinfl; aloitit a line From the mid^ 
point between the two rrmlleoy to 
the pioxsmal end of the Jirst inter- 
metaniTsd $pate. 

—The arteria dor- 
i^lift pedis may be larger tlum usual, 
lo compensate for a small latemi 
plantar artery'; or its plate may be 
taken by a large perforaiing branch 
of the peroneal artery. It Freqoctitly 
curves laterally^ lying latenil to the 
line bctivecn the middle of the ankle 
and the proximal part of the Hmt 
interosseous space. 

Branches*—The arreiia dor¬ 
salis pedis gives off tarsah arcunte 
and ftoit dorsal mcutarsal branehea. 

The tarsal arferies, kteral ROd 
nHrdia) (fig. 745)* ari»e from ihe 
artetia dorsalis pedis as the latter 
crosses the nttvicular hone* l*he 
bieral bmneh passes hiEjerally under 
cover of tlic Extensor digitomni 
hrev'is; it supplies this mnadc and 
[he articulations of the tarsus, and 
ana^tatnoBc^ with bnniicheS of ihe 
arcuate, anterior lateral fiialleolar^ 
and lateral plantar arteries, und with 
the perforating branch of the pero^ 
ncal artery. 

The medial tarsal branches are 
two or three small vessels which 
TOinify on the medial border of the 
foot and join the medial niallcalar 
network. 

The arcuate artery (fig, 745;) 
an^es from the artciiB doisaljB p>edis 
opposite tha inedta.1 cunEifiutn bone: 
it paases late rally over the bases of 
die mehitarsB.1 bones deep to the 
tendons of the Kxlensores digitoriim 
liMigus ct bievisj^ and anastomoses 
with the lateral tarsal and lateral 
plantar arieries* It gives off the 
stc&tuf, third ami jour(h dtynat 
m^talirrmiartfrifij which ro n distally 
iipnn the cotTeaponding Doma! 
inlcrosscotis musclesIn the clefts 
bctw'een the toea e^ch divides Into 
TWO dorsal digital branches for the 
sides of the adjoining toes* At the 
proximal poTO of the interosKous 
spaces the dorsal metatarsal arteries 
receive the proximal perforating 
hranchea fttim the pianlar amh, 
and at the distal pares of the spaces 
they are joined by the distal 
perforating branches from tbe 
pliuifar mctataraal artcrieH- The fourth di!>rsal metntafiial artery gists off a branch 
which supplies the lateral aide of the fifth toe, 

^ITm first dor*al metatarsal artery^ arises from the dorsalis pedia artery just before 
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it passes irttri the sole ; it runs disTiilty on the Erat Dursal mterosscpus wusdlc, mid 
at the deft between the fust and second toes divider into two branches, one of which 
passes beneath die tendon of the Estiensor hahucis longua^ und is diswlbutcd to the 
medial border of the (^reat li>e ; the other bifurtiaiea to supply the adjoining aidei of the 
great and i^ecotud toefi^ 
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'rjtE Posterior Tibial Artery (fig?. 743 ^ 746) 

The posterior tibbl artiiry begins at the bwer border of ihc Poptitcus, opposite 
the mten^aJ between the tibia and hbuk, and passes downwards »rid medially on the 
back of the leg. In the lower part of its course it ia sii mated midway bcttvccii the 
media! malleohis and the mcdbl process of the tuber calcanei (medial tubercle of the 
calcaneus). It dividea under cover of the origin of the Abductor hallucis into the 
utediat and hlrra! p/nHHir arfrrtrs, 

—The posterior libial artery lies successively upon the TibiaJts 
Flexor digitorum longus, the tibia and the back of the ankle^jointf 
i* covered bv the Gastrocnemius und Solcus, and the deep transverBc 


Fio. 74O,—A trajimrte section throuflh the Irg, four inch^ below the 
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fasda of the leg; is lou'er part Is covered only by the skin and fascia, and runs 
parallel with, ant! about 3-5 on. in front of, the medial border of the tendo AchiUis; 
ita tcnninal part is deep to the flexor retinaculum and the Abductor halluds muscle. 
Ti is accompanied bv- two v'cins, and by the tibial nerves which Ijt* at first on its 
media! side, but soon crosses it posteriorly, and isp in the greater part of its course, 
on Its lateral side. 
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The rrlatidn^ and arrangciment of the structures T^i'hich pa^ from the hack of 
the leg to the sole of the foot under cover of the flexor retinaculum are described 
on p. 684. 

Surface Arnttamy, —Tlic postcdor tibial wtcry runs fTom the middle line of the «lf 
it the level of the neck of the fibula to a point midway betu^cen the medial malleolus 
and the prominence of the heeJ. In the latter situation its pulsations can be fcltn 

Branches.— i, ITie chrciinriflex Bbular artery* sometimes a branch of the aniedor 
tibul artery I passes laterally, round the neck of the hbulan through the SoJena, and 
anastomoses with the lAtersd infedor icenioilar artery. 


Fto. 747.-™A tmnsvrrsc HCtion lIlTOUgli the leRi 6 an. abov^ the tip af the 
mcdifll miLlleoliiM, 
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a. The peronenL artery (fig. 743) arises from the postenor liblal, about i 5 cm. 
below the lower border of the Poplitcus. It passes obhquely tow ards the fibula, and 
descends along the medial crest of that bone, contained in" a fibrous canal between 
the Tibialis posterior and the Flexor kBlIucis longiiSp or in the substance of the 
latter muscle. It then runs behind the tibiofibular syndetuosb, and divides into 
calcanean btancheSp which ramify on the lateral and posterior surfaces of the 
calcaneus. Its ufiper part ia covered by the Solcus and the deep transverse fascia 
of tlie leg; its Imer part, by the Flexor halluda Jongus. 

Pfculiarisiff .—The peroneal artery may spring from the postenor tibinl artery at a 
higher level than usual^ or may even be a branch of the popliteal artery'; iometimeji it 
arises 7 or 8 cm. IkIdw ihx Merior harder of the ropllteiu. It h more frequently 
increased than diminished in size ; and then it eitheryoins and reinforces the posicdor 
tibia] artery, or takes the place of that artery in the lower pan of the leg and foot. 

The pettmeal artery gives off the following branches 1 

Muscular bnincfiea are supplied to the Solrus^ Tibialis posterior^ Flexor haliucis 
longus and reitfnei+ 

A nutrient artery supples the fibulip and is directed downwards. 

A perforating branch picirtxs the interosseous membrane of the leg, about c cm. 
above the lateral malleolus^ and machos ibe front of the leg, where it anastomoses 
with the anterior lateral maUeolar artery f it then descends in front of the tibicK 
fibular syndesmoaisp gives branches to the larsusp and anaatomc»aes with the lateral 
tars&l artery. The pcrforatitlg btaoeh is aomelimes enlargedp and may take the place 
of the doTaalla pedis artery. ^ 





THE PERONE,\L ARTERY 333 

A commiuiicatiDg branch arisen fitjin the pcroneiJ artery about 5 cm, above the 
lower end of tbc dbia, and joins the commurucarinK branch of the posterior tibia! 
artery. 

The calcanean or tenninai hranebea of the peroneal artery pass to the lateral side 
of the h«h ojicl cooimimicatc with the anterior lateral malleolar artet)' and, on the back 
of the heclp with the calcanesA branches of the posterior tibi&l artery, 

3. 'Fhe nuiricnt artery of the tibia ariaes fitun the posterior dbial artery near its 
origin, and* after supplying a few minute muscular branches, runs downwards to enter 
the nutrient canal in the bone, ur a point immediately below the solcal line. 


Frc. 74^*.—The arteries nf the sol* of the right foot. 
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4. MuscuEar brariches cf the posterior tihiji] artery are diaiributed to the Sotcua 
and to the deep muscfes on the ba< 5 t of the leg, 

5+ 'rhe conoLnaiuticating branch runs ironsvenely acrosi:^ (he badt of the tibia 
about 5: cm. above its lower end, deep to the Flcior hallucis longus* and Joins the 
uni eating branch of the peroneal artery. 

b. The maJlcinULr branch is a amatl vessel which winds round the tibial mailcoluj 
and ends in the medial malleolar nctw-oHc, 

7. The calcaiieafi brandies arise from the poalerinr ribiil Just before its diiiaioti i 
they pierce the flexor rctmactiluni and arc distributed to the fat and akin behind! the 
tendo calcaneus and about the heel, and to the muscles on the tibial side of the oole^ 
artaatomosingwith the peroneal and medial malleolar arteries, and, on the back of the 
heel, with the calcanean branches of the peronea! arterVi 

8. The medial plantar artery' 74^* 749)p ^he an^ller terminal bran^A 
of the posterior tlbi^ artery^ passes dlstally along the medial aide of the foot in 
company with the medial plantar nerve, whicK Hes to its lateral aide. It k at first 
d«p to the Abductor hallucis, and then runs distally between it and the Flexor 
digitomm brevis^ both of which it supplies. At the base of the first iftetataraa! bone, 
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where it mucli diminished in size, h passes alemg t he medial border of the first toe 
and anastomoses with the first plantar metatarsal artety* It supplies three small 
superficial digital branches which accompany the digital branches of the medial 
plantar nerv^c and join the firat^ second and third pbi^tar metatarsal arteries, 

Si/j/rfrc trunk of the medial plantar artcri,' bcirins mid way bctwetin 

thtr niL'dinl jnalJeolu9 and the prominence of the heel and runs forwards tn the direction 
of the fir^t intcrdigital deft as far as the navicular bone. 


fic. 749.—“ITw plantnr 
REtctin. Superficial 
diisccrinn. 


9, The lateral pJaniar artery (fig, 74S), the larger of the terminal hrajichea of 
the posterior tibial arten'p passes at first obliquely laterally ^nd dist^lly to the base 
of the fifth mcLiiar^l ^nc in company with Lhc lateral 
plantar ncn c, w hich lies on its medial side. It then turns 
mcdialty with the iteep branch of the ticrvCj, to the inter¬ 
val between the ba&es of the first and second mctatnTsal 
bones, where it unites with the dorsalis pedis arieo% thus 
completing the piantur arch. As this artery^ pEisses later¬ 
ally^ it is first placed between the calcaneus and Abductor 
hallucist and then between the Flczdr digitonim brevis 
and Flexor accessorius i as it runs distally to the 
base of the fifth nictatarsal bone It lies bemeen the 
Flexor dtgiiorum brevis and Abductor digid minimi, and 
is covered by the plantar aprj neurosis, superficial fascia 
and skin. 

Branches. - The lateral plantar artery gives olf nius- 
cubr> superficial and anastomotic branches. The tttuscuicf 
hrntjchr^ supply the adjoining muscles ; the ttiprrficiitl 
bruitdm emerge along the line of the lateral intennuscular 
septum and supply the skin and subcutaneous tissue of 
the lateral part of the sole ; the ariostomoiic branches run 
to the kteral border of the foot* where they ana^oinose 
w ith branches of the lateral tarsal and arcuate anertes. In 
addition, the lateral planyr arten^ sometimes gives off a 
rakaiiean branch, which pierces the origin of the abductor 
liallucis to supply the skin of the heel. 

'Fhe plmiinr arch is deeply situated and extends from 
the base of the fifth metatarsal bone to the proximal part 
of the first interosseous space. It is convex distally, lies 
plantar to the bases of the second, third and fourth meta¬ 
tarsal bones and the corresponding Interossei, and dor^t 
to the oblique part of the Adductor ballucis. 

Branches. The ptar^tar arch gives off three perforating and four plantar meta¬ 
tarsal branches, and distHhutes numerous twigs tea the skin, fasciae and muscles in 
the sole. 



The three perforating branches ascend through the proximal parts of the 
second, third and fourth interosseous Spaces, between the heads of the Dorsal inter¬ 
osseous muscles, and anastomose with the dorsal metatan^al arteries* 

The four plan tar metatarsal artedcs (fig. 74S) run distaJly between the 
metatarsal bones and in contact with the Tntcrossei* Each divides into a pair of 
plantar digital arteries, which supply the adjacent sides of the toes. Near their 
points of division each plantar metatarsal artery sends dorsally a distai per far- 
diing branch to join the corresponding dorsal meutarsal artery. Tlic first plantar 
metatarsal artery springs from the junction between the lateral plantar and the 
dorsalis pedis arteries (p. Sjo), and sends a digital branch to the medial side of the 
first me. The digital branch for the bienil side of the fifth toe arises from the lateral 
plantar artery near the base of the fifth metatarsal bone. 


Surfacf 4 \farfdn ^.—Beginning at the termination of the posterior tibiol. the lateral 
plantar artery ero^Fies the sole obliquely to a point a-5 cm. niedifll to the tubemsity of the 
fifth meiataroAl bane. From here, a Ifne drawn w-ith a slii;hf forward convexitv to the 
proximal end of the first ititermetataraal space indicates the course of the plantar 
arch 

Applied Afmtnmy. Wounds of the plantij arch arc alw'ays serioua, on account of 




TUT, VEINS 835 

the dL-pth qf i:h<? vrsscl and the dnpqrtant struirturcs which musi br jntcrfcrciJ with in 
an attempt 10 li^tqte ii. They muat be treated on stmilar lines to thos* of woundfi of 
the palmJir arches (p. 7^1), 


THE VEIN.^ 

The veins convey the blood from ihc different parts of the h^xlv to the heart, 
'rhey receive ihe btood from the capsl lanes, and tiniic with one anoilier to form 
larger veissels which, in their passage towards tilt heart, increase in she as they 
recei ve trihyiarics, or join other veins. The veins arc larger and more numerDus 
than the arteries ; hence, the capacity of the veins is greater than that of the arteries ; 
the capacity of the pulmonary veins, howeverp exceet^ that of the purmooiirv arteries 
only to a slight extent. The veins arc c) lindrical like the arteriea ; their walls, how- 
ev er, arc thin and they collapse when the vessels arc empty, and the iinifomiity of 
their snrfwg^rnay show at intervals slight constrictions, causetl by the presence of 
valves interior (p+ 699). They comrnunicaic very freely with one another, 

especial I y^ftroertain rt^t>n& of the body. ThuSp between the vennws sinuses of the 
craniump snd betw'ecn the veins of the neckp where obstruction would be attended 
by marked disturbance of the cerebral circulation, mimcmus anastoinoses arc found. 
Free communications abn exist bctiivccn the veins of the vertebral canalp and bet^veen 
the veins compoaing the various venous plexuses in the abdomen and pelvis. 

1 he veins consist of two sets, viz. pufmonnry and sysiemiCu 

I he pulmonary' veins^ unlike other vcins^ contain oxygenated bloodp which 
they return from the lungs to the left atrium of the heartn 

I he systemic venous chanmeZs return the venous bliKKi fnim the body 
generally to the right atrium of the heart, and comprise three sets, vii!. superficial 
and deep veins, and venous sinuses. 

The superficial veins lie in the superficial fascia, iminediately under the shin ; 
they return the blood from these siructureSp and eventually Join the deep veins. In 
their mode of origin and termination the supcrhciul veins are subject lo considerable 
variation. 

I he deep veins accompany the arteries, and arc usually enclosed in the same 
sheatfis with those vesfitls^ an arrangement which helps venous return (p, 699). 
\\ ith the smaller arteries—as the radial, ulnorp brachial, tibiai, peroneal—they exist 
generally in pairs, one lying on each side of^ihc artciy, and are called f}en^ cfjfrii- 
tanus;^ 111 c larger arteries—such as th e axi llarv', su bclavian, popi iteal and femora]— 
have uf^ually only one accompanying vcin+ In certain regionSp however, the deep 
veins do not accompany the arteries ; for instance^ the cerebral veins, the veins of 
the skull and vertebral canal, ihc hepatic veins in the liver, and tltc larger veins 
returning blood from the bones. 

Venous sinuses arc found only in the imerior of the skull, and are canals 
bciwMn the two layers of the dura mater, Tkffir nviffi mmfuiur tisfue. 

] he portal veinp an appendage to the systemic venous syatem, is o^nlincd to the 
abdorninaJ cavity, and convev's the venous hlrKjd from the spleen and the viscera of 
digestion to the liver, where it breaks up into a network of capillary-likc vessels 
(Binusoids)p from which the biood is drained by the hepatic veins to the inferior vena 
cava. 


THE PULMONARY VEINS 

The pulmonary veins return the oxygenated blood from the lungs t *he left 
atrium of the heart. They are four in number, two from each lung, and ai ^titute 
of valves. They commence in the capillary network on the walta of the p.-eoli of 
the lungs^ and, joining together, form one vessel from each lobule of the lung, 
I hesc vessels, unifing successively, form a single trunk from eacJi lobe, three from 
the right lung and two from tiae left The vein from the middle lobe of the rlghi 
lung ^ncrally unites with tlial from the upper lobe, so that ultimately twu veins, a 
superior and an inferior, leave each lung; they perforate the fibrous layer of the 
pericardium and open separately into the upper and prjstcrior part of the left atrium 
(fig. 655). Occasional[y tlit three veins on the right side remain separate. Some* 
times the two left puliTionary veins unite to form a siniple trunk before eniering the 
heart. 
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In ihe iTOt of the lung, the jsuperiar pulmcinar)' vein Lies in fmnt of and a little 
below the pulmonan- artery; the Inferior is situated at the part of the hllus 

of the lung and on a plane posierior to that of the superior vein. The principal 
bronchus is behind the pulmonan' artery^ 

On the right fi 3 dc the upper pulmonan' vein passes iKhind the superior vena cava, 
and the lower behind the right atrium. 

On the left side both pulmonary veins pass in front of the descending thoracic 

aorta. 

Within tlie pericardium, their anterior surfaces are invested by the serous layer 
of this membrane^ Belwceti the veins of the right and left sides is found the 
oblique sinus of the pericardium. 


THE SYSTEMIC VEINS 

The aysienuc veins may be arranged into three groups ; 1. The veins of the 
heart, a. The veins of the upper Umbs, bead* neck and thorax, all of which end in 
the superior vena cava. 3. The veins of the low-er limbs, abdomen and pelvis, all of 
which end in the inferior vena cat^. 


Fic. 75®.—A scheme flhowuia du; vtm* of the bemt. 
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I'HE VEINS OF THE I 1 E. 4 RT ffig. 750) 

The coronary sinus.—Most of the veins of the heart open imo the coronary 
sinus. This is a wide venous c^ncl about 2 or 3 cm, long situated n the posterior 
part of the corona IV sulcus (atrioventricular groove) of the heart (fig, 750)^ between 
the left atrium ana left ventricle. It li completely surrounded by cardiac muscle, 
and some fibres from the left atrium may be carried over its po^criut aapH^ct, It 
ends in the right alfium between the opening of the Inferior vena cava and the right 
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aiKovcntiicuLir orifice^ Its Q^rturc! being guarded by a ^milunar valve, natned tlic 
of ihf a>ronfiry sinus (hg^ 660), 

Tt^ tributarie.'i ire the gimt, iimnli, and middle canJiae ihe posicHur vein af 

the left venrrield, and the obll^^iic vein i>r the left atTiiim, tlT af which.. except the last, 
ate provided with valves at their oriJices. 

t, 'Fhe grtat Mj-diac vein (fig, 750) begin* si the apex of the heart and ascends 
in the anEerior imcrt'enEriciildr auLeus to Fcach the ct>rpnnr>' sulcus. It then 
curv^ca to the left in this groove, and, reaching the hack of the heart, opens into the left 
eKtrcmity of the cotonaiy sinuar It receives tributaries from the left atriLim and from 
both venlrieles, incJudlng the fefi nuifjptust veia^ whlid^ ascend* along the left margin 
of the heart and is of CDnsidcrable size. 

3. The small cardiac vein (hg, 750) niois in the coronan’ sulcus bctw'oen 
the right atrium and ventricle posteriorly, and opena into the right nutremity of the 
eomnar>' sinus. U receives blood from the back of the right atriLun and ventricle ; 
the right margiiia! t'r£it pa*^ to ihc right along she lower tnargui of the heart and joins 
the small cardiac vein in the mrunary sulcus, or opens directly Ento the right 
atrium. 

3. The middle cajrdiac vein (fig. 750) beglos at the apex of the heoit, nms b^ck- 
wards in the posterior interventricular groo^'e, and ends in the coronary sinus near its 
right extrenirv- 

4. The posterior vein of the left ventricle [hg. 750) runs on the diaphragmatic 
surface of the left ventricle m linle to the left of the middle cardiac vein ; it usually 
opens into diic coTonary sinus, but may end in the great cardiac vcin» 

5. The oblique vein of the left atrium (hg. 750) is a small vessel which descends 
obliquely on the back of the left atrium and ends In the coronmy' sinus near its left 
extremity ; it is continuous sIkw wJih the Hgom^nt cf ik^ Ufi vtiia im.o (p. 704!^ ^nd 
the tivQ structures are remnants of the left duct of Cuvkr (p. 175). 

The following cardiac vcin^ do not end in the coronary sinus; (t) the antortoi' 
cardiac veins, crjmprtslng three or four *Riall vc^f^cl* which collect blond from the 
fmnt of the right ventricle and open into the right atrium : the right marginaL vc^ln 
frequently open* into the right atrium^ and is therefore s<»metimea regarded m belong¬ 
ing m this group ^ (2) the ven^ cordis miniRiK^ comprising s number of n^inute 
veins, which lie in the muscular wall of the heart and open directly into its cavitfcs, 
most of them into the ncria, but a few into ihc vctitriclra. 


THE VEINS OF THE HEAD AND NECK 

'rhe venous channels of the head and neck may be subdivided into : t* The 
veins of the exterior of the hestd and face, 3. The veins of the neck. 3* Tlw diploic 
%^dnsp the itieningeal veins, the veins of the brain and the venous sinuses of the dura 
mater* 


THI- VUINS ok TI iK Ex iliHlOa f>F TIEK H|::AD hSli FACg (fig. 751 ) 

The mupratroeliCtor vetn bvipns on the forehead in a venoua network which c^m- 
municates with the frontal rributaries of the superhcisl temporal vein. Veins converge 
from the n«twT3rk to Form a single trunk, which descends on the forehead neai- the 
mediEin plane parallel with the vein of the opposite aide. .At the root of the nose the 
two supratrocblrar veins are joined by a transverse branch which is called riie rrcim/ 
arr^j, and receive* sniaH veins rrom the doraum of the ni>s^. The supratrochlear veins 
then diverge, and at the medial angle of the orbit* each joins wdth the supra-tirfiital vtin 
to form the ant^rwr wui. Occasionally the supratrncblcai- vein* unkc in a single 
trunk, which dividea ai the root of the nose into the nvo anterior facial veins. 

Tlie supra-orbical vem begins near the zygnmatic process of the frontal bane, 
where it communicates with the superficial anti middle temporal veins. It courses 
medially along ihc upper margin of the orbital opening under cover of the Orbieularii 
oculi. and^ at the medial angle of the eye, pierces this muscle and unites with the 
supratrochlear vein m form the facial t-rta. It sends a branch through the 

Bupra-mhital notch into the orbital caiity to join the saperior ophthalmic vein ^ as thii 
branch traverses the supra-orbital notch it is joined by the frontal diploic vein, 

I'he facial vein;, formed by the junction of the supratrochlear and stipra- 
orbital veins^ runs obliquely downwards on the aide of the root of the tiose, to 
the level of the lower margin of the orbital opening. It Then runs dowruwarda and 
backward* hclilnd the facial artery, but follows a less tortuoiis course. It passes 
under cover of the S^ygomatiLTis major, Eisorins and Ptari’^sma, dc^nds along the 
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anterior border Aftd then on the aurface of the Massetcr, errased over the body of the 
mandible, and runs obliquely bacitwartla^ deep to the Platvama and aupcrScial to 
the submandibular gland, Digastric and Stylohyoid* A litdc below and in Ironi of 
the angle of ihc mandible^ It ja joined from aVxjYC and behind by the anterior di vision 
of the rctromandihular vein and thi!n+ drseending across the loop of the lingual 
artcr>‘, the hypoglossal nenx and the external and internai carotid aftCTies^ it enters 
the internal jugular vein near the greater cornu of the hyoid bone. From near the 

Fio. 751,—The vein* of the right iiita af the hrad and 
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tern] itidl inn uf the facial vein a branch »f cutusidcrabJc sixe often runs down the 
anterior border of the Stemomaatoid to join the lower part i)f the anterior jugular 
vein. 

Tributades.—At it* comniejicictneru the facia! vein is connected with the 
superior ophtlmlntic vein both directly and through the supm-orbital vein {ree 
p. 837). In Iht* way the facial vein (5 connected witli the cavernous sinus into 
which the superior ophthalmic vein drains. It receives the veins of the ala nat) and, 
at a lower Icv-el. it receive*a large branch, named the ilftp ftitialvem, fmin the ptery- 
^id venous plexus. It is atiia joined by the inferior pdpebral, the superior and 
inferior labial, the buccinator, the pamtid and the niasselcric veins. Below the 
mandible it receives tlw submental, tonsillar, external palatine and suhmnndilitdar 
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%'eins. The facLd vein may be joined by iho %Tna cumitAuiS of the hypfjglossal nerve, 
and often receives the phory-ngeal and superior thyToid v^ins. 

Apptitd .dfwlflMv.—Thc faeiul x'ein is not *0 flaccid aa mcMt superficial vems, 
and, in corLsequence of this, ahoviTs less tendency to colJapse when divided, h has, 
moTvover, no valves. If communieafn freely wiih the iniraeranial eirculation, not only 
at commencement and by the supra-orbital %'cin3, vi'hieh arc connected with the 
ophthalmic vein, a tribnmry of the cavernous sinus ^ but also by ihc deep facia) vcln^ 
w hkh comniuiticates Thrutiith the pterygoid plcrtus, with the cavemooi* sinus (p, 854). 
These facia have an important bearing upon the surgery of siimc disejeies ; ariy 
phlclpnunokrs infliimmution uf the face is liable ui flet up dimmhosis In the facial vein 
which nmy extend upwards into the croiiiaJ sinuses ; this bos been kiitovn to follow' in 
the case of ordinary carbuncle of the face. 'Fhc pci$itioii uf the vein mujit he borne In 
mind when incisions arc made for the relief of suppuration about the mandible. 

The BUpcrfloia) temporaJ vein 751) bej^lns on ihe side and vertex of the 
aktilJ in a network which communicates with the corresponding vein of the oppfj$iic 
side, and with the supratrochlear* supra'OrbStai, posienor aLirieular and ocdpilal vcirui. 
From this network^ anterior and posterior tributaries aiise^ and unite above the 
lygomalic arch to form the superficial temporal vein, which is joined in this situation 
by die middi^ t^npored tWr, It theft crosses the posterior tool of the zygomatic arch^ 
enters the substance of the parotid gknd, and unites with the maxilkry vein to form 
rbe rftrffmattdihutm (post^rim fannlj rfift. 

Tributaries.—The supertlcial l^mporal vein receives some veins fmm the parotid 
gland, articular veins from the temporomandibular joint* antcricir auricular veins from 
die luricte^ and the trortmcne/tiruj/from the side of rhe lace. ^Fhe middle tcmpontl vein, 
after receiving the or&ftiif twi, w^hich is formed by some lateral palpebral branches, 
passes backw ards between the laycrB of the temporal fascia and then becomes super¬ 
ficial to join the superRcLal temporal vein. 

■|lic pterygoid plexus is of considerable size, and is sitoaicd partly t^tween die 
TEniporal and Lareral pterygoid tmisclci^ and partly between the two Ptety'goids, It 
receives the sphenopalatine, deep temporal, pterygoid, masseteric, Uuccal, dental; and 
Mteaicr palatine veins, the middle mmioi^al vcinsp and a branch or branches from ihc 
inferior ophihalmic vein. The pterygoid plexus anastomoses with the fsciai ycjn> 
through the facial vttn ; it ia also connected with the cavernous alnus by veimi 
w’hich pass through the emissary sphenoidal forairien, fonmien ovale and fi::inimen 
lace rum. 

'Die maxillary vcm U a nhoirt trunk which accompanies the first parr of the 
corresponding artery and is formed by a confluence of the skeins of the pteiygoid plexus. 
It passes backwards between the sphcnomnndibular ligament and the neck uf the 
mandible^ and unites with the supe^ciul temporal vein to form the retroinandibtilar 
(postcrial facial) vein. 

lliE retro mundJbular vein* m formedr desccmli in the subsiance of the parotid 
glandt superftiJo! to the external carotid artery but deep to the facial nen'c. It divides 
into tw'o branches,, an anlcrior which pawes forwards and unices with the facia) veiOi 
and a posterior which is jo’ucd by the puaterior auricular vein to form the externa] 
jugular vein. OccasuinaLly the retromandibular vein gives no contribution to the 
external Jugulnr, in which c^sc ihe latter in ?anall and the anterior JuguTir vein is thirn 
often Very large„ 

'Die posterior uurtculxr vtm fhg- 751) begins on the podterior part of the side of 
the head I in a netw'ork which communicates with the tributaries of the occipital and 
sup^^riicial temporal veins. It descends behind the auricle, and joins ihc poiteriar 
division of the retromandibular v^ln in nr just liclovv ihe parotid gland to form the 
cxtemil jugular vein, h recerics the styfomasloid win and mmc triliularies frL>m 
the cmniol surface of tlie auricle. 

The oeoipiui] vein (ftg. 751) begins in a venous network at the posterior part of 
the skull. 11 pierces tlie cnmial rnmehtnent of the 'i'rapez iua* dJpa into the su bucdpital 

triangle and joins the deep cervical and vertebral veins. Occasion ally it follows the 
coune of the occipital artery and ends in the internal juGular vein ; liuniEtimes It joirts 
the posterior auricular vein and, through it, opens Into the external jugular vein* 
The parletoi ctnls^ary Vein cotiftcctB it with the superior sagiltal sinus, ^nd the mastoid 
cmisjjar)' vein with tlw transverse sirioji- The occipital diploic vein somctxrnes joins it. 


The Veins of the Neck (figs, 751, 752^ 765) 

l*hc veins of the neck may be divided into thog? which Ijc auperficia) 10 the deep 
fascia and those which lie deep m it. 

Superficial vcirts,—The external |u>^iilar vein (fig, 751) receivesi the greater 
part of the bhxsd from the extenor of ihc cranium and from tlic deep parts of the 
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face, anti is formed by ihe union of the posterior division of the reitomandibular vein 
with the posicrior au ricular vein. 11 begins on a level with the angle of the mandible^ 
juBt below the parotid gland, or^ somctlmesH in its aubstaiice^ and tun^ down the 
neck, w'hcrc its course m represented by a line drawn from the angle of the mandible 
lo the middle of die clavicle. 11 croi^es the SitemomastoLd obliquely, and in the &uh- 
ctavian triangle perforates the deep fascia to end in the subclavian vein, lateral 10^ 
or in from f >4 the Scalenus anterior; the wall of the vein is adherent to the circum- 
fenmee of the opening in the deep fascia. It is covered by the PJat^-sma, supcrBcial 
fascia, and skin^ and separated fTom the Stemornastold by the investijig layer of the 
deep ccn^ical fascia ^ it cTOSaefr the tranvcr&c cervical nerve, and its upper half mns 

FiO- 75Z-—^Thfl nf th£ fn&fLt of the neck. 
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parallel with the gMt auricular nerve, which ascends behind it. The external 
jugular vein wica in aiae, hearing an inverse proportion to the other veins of the 
neck * it ts iKcaaiofiidly double. It ia pmvided with ttvo pairs of valves, a bw^r pair 
at iw entrance into the subclavian veint ^ upper about 4 cm. above the clavicle. 
The portion of the vein be tween the two sets of valves ia often dilated, and is some- 
times icnned the mas- 'llitsc valves do not prevent regurgitation of the blood. 

Tributaries. In addition to the veins which unite to form it, the external 
jugular vein receives the posterior external ju^Iar, and, near its tctminatjQn, the 
transverse cervical, supmscnpuLir and anterior jugiiXar veins ; in the parotid gland 
it is frequently joined by a brynch from the internal jugular vdn. The ocdptial 
vein rxeasionaUy opens Into it. 

The posterior extern^ jugular vein begins in the ocdpital region and returns 
the blood from the skin and superficial tuttscles in the upper and posterior part of 
the neck. [i opens into the middle part of the external jugular vcim 











THE VEINS OF THE NECK H41 

The anterior jugular vein (figs* 751, 752) begins near the hyoid; bone by the 
conilutnee of &c:vcriil superficial veins frotn the subuiandiliular region* It descends 
bcUveen the dnicrior median line and the anterior border of the Stcmoinastoid * 
at the lower part of the neck it turns latcolly under cover of that musck, but super¬ 
ficial to the depressor^ of the hyoid hone, and opens into the temiination of the 
eKtema] jugular vein, or into the subclavian vein. Ita size varies considerably^ and 
usually bears an inverse proportion to that of the external jugular vein. It com- 
muniaitcs with the internal jugular vein and receives as tributaries some laryngeal 
vtiuSH and occasionally a small thyroid vein. ^I'hcre are usually tw^n utiicrior jugular 
vcins^ a right and a left; just above the sternum they arc united by a large trana- 
vetse trunks termed the fuguiar orr/u which receives tributaries froin the inferior 
thyroid veins. 'ITic anterior jugular veins have no valves. They may be replaced 
by a single trunk which descend in the anterior median line of the neck. 

Stiffijrr Anaitrmy 0/ itir Swpe^rffl/ Veins. —L'^ually the ^xitTnai jugtifar vein is 
easily seen ertvi^ins the stemomastoid muscle ohUqiuely. When it k not cihvlDij.9^ it 
can be brought into view by the etfort of bbw^in^ with the myuth closed. Hie 
anterior fifj^ar vein can often be mndcicd visible tn the upper two-thirds of the neck 
In a similar manner. The termlnil pitrt of the faciiil vein runs irom a point on tiie 
lower border of the mnndible at the anterior border of the mnssetcr to join the inlemal 
jugulur Vein Just below the gtraier cornu of die h^xiid bone. 

Deep Veins. -The mlemai jugular vein (fig, 752) ooliccte the bltxid fram the 
brain H from the superficial parts of the face, and from tlic neck- It begins at the 
of the skull in the posterior compartment of the jugular foramen^ where it is 
directly condnuDus with die sigmoid sinus. At its origin it is somewhat dilated ; 
this dilatationk which is called the superior liea bdow the posterior part of the 
Boor of the tympanic carity. The vein runs downwards through the neck within 
the carotid sheath (fig. 566), and^ behind the sternal end of the clavicle, unites wHth 
the subclavian vein to form the hnichioccphahc (innominate) vein. The internal 
jugular vein is dilated near its tenminilion to furm what is knmvji as the in/erior hnib ; 
directly above this bulb the vein contains a pair of vidvea. Pos^ennrly the 
interna] jugular vein restfi^ from above dnwnwan^, on the Rmus capitis lateral 
the transverac process nf ihc atlas, the Levator scapular, the Scalenus medins and 
the ^rvicaJ plexus; then on the Scalenus anterior, the phrenic ner^'c, the thyro- 
cercncal trunks the %'ertcbral vein and the first part of the subclavian artery i on the 
left side it passes in front of the thoracic duct (fig. 753). .Mediafly the %'ein is rchled 
to the internal and common carotid anerieSi and to the vsgiis nerve, the last lying 
between die vein and the arteries but on a plane posterior to them. Superjinaity the 
vein is overlapped by the upper part, and covered by the lower part, of the Sterno- 
mastoid. and is crossed by the posterior belly of the Digasme and the superior belly 
of the Omohyoid* Above the Digastric, it is tm tred by the parotid gland and the 
styloid process, and is crossed by the aec«soty nerve and the posterior auricular 
and fKcipital arteries. Between the Digasirrc and the Oraohyoid. the stemomastoid 
arteries and the inferior ramus of the cervicalis cross the vein, but the nerve 
often passes between it and the common carotid artery. Below the Omohyoid, it is 
covered by the infrahyoid muscles, in addition to the Stemomastoid, and Ls crossed, 
3u peril cial to the infrahyoid muscles, by the anterior jugular vein. The deep cervical 
lymph nodes lie alnug the course of the vein, mainly <m tis superficial aspect. At 
the mot of the neck the right Inicmal jugufar vein is placed at a little distance from 
the common carotid artery, while the left vein usually overlaps the artery. .At the 
base of the skull the inlemal cam rid artery is in fnmt of the internal jugular vein, 
and h separated from it by the last four cranial nerves- 

Surface Affutumy.^'Vhie internal jugular vrin can be represented by a broad band 
ilmtyn from the lobule of the car to the medial end of the clavicle \ itit low'er bulb lic» 
beliind the depression which marks the Intcr^Til between the stcmnl imd clavicular 
heads of the stemomsf toid muscle (fig. 687), 

Tributaries,—The internal jugubr vein receives the inferior petrosal sinus^ the 
facial, linguaU phaTyngeal, superior and middle thyroid vdns, and sometimes 
the occipital vein. In the upper part of ilic neck it may commnnicatc with the 
external jugular vcin^ The thoradc duct opens into the angle of union of the Icfi 
Silviavian and internal junior veins, and the right lymphatic duct into the angle of 
union of the right subclavian and internal jugular veins- 
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The Lfifenor petrosal sinus leaves the skuJl tbraugh the antedor part oi the 
jugular fcpramen artd, crossing either lateral or medial to the ninths tenth and 
eleventh cranial nen'es^ joins the supedor bulb of the intemaJ jugular vein# 


Fic. 753-—A dmuinH of m dUscctlon of the prevertebral itncl upper rhonicic regions 
shqvii'inR the vessels, etc., near iha mdt uf ihr ticek, the cervial course of tbc 
vcrtebrnl srter>v ar<l the stnieturE& which lie pofiEcnor to ihe inTomiiJ jugular vein. 
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'ITic veins of the tongue follow two different roLtca. {i) The derraiff hi^ua 
Trim drain the dorsum and aides of the tongue and join the ltngi.1,1 which 
accompany the lingual artery, lying in the interval between the Elyogtossus and the 
Gcniogl^us muscles. Near the greater cornu of the hyoid bone the lingual veins 
join the internal jugular vein, fa) The pro/unda h'l^uir veiit commences near the tip 
of the tongue and runs backwards cltsse to the mucous niembiane on the inferiur 
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Surface of tlie organ (fig* i H+)‘ anterior border of the Hyoglo^aus musek 

It joins the mhfktgu^I vein^ from the ealivan* gland of the same name, to form the 
reflii comiians n* hypog}osst\ which runs backtvaiids in the inter%'al between the 
Mylohyoid and the Hyoglossus muscles in company with the hypoglossal ner^'e to 
end by Joining the facial, the intemal jugular or the lingual vein. 

I’he pharyngeal veirts begin tn theph^ryng^aipiexm on the outer surface of the 
pharynx, and, after receiving some mettingea! veins and the vein corresponding to 
the arten' of tl^e pterygoid canah end tn the internal jugular v^ein. They occasionally 
open into the fadah the lingual, or the superior thyroid vein. 






Fig. 754^—Tlae riclj]UOn& cf the hrain, the middle mctiingrBJ artery and the 
trinAver^e and fligniDid ainuM* to the turTacc of the 3ktjll+ 


[. NiianoM ^ iiiiw, I^mieiImIk. 4 * LbIi^ eecifibrij ffujqiflh 5 . Omln] iulmi. AA, 
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iEnu*j|. HEpOikieBf dun EiuJtET nd btHh ceKbrtUHk Uid The oqfjkH of Ihc c^fehr^l hpmP(phcn 

i> mrf [rile d m blttc; Eheewinc Df Epidab jwnintf^ MtcfT in Tcdr 


The superior thyroid vein (fig. 765) begins in the substance and on the surface 
of the thyroid gland, by tributanes corresponding ^viLti the branches of the supenor 
thyroid artery. It accompanies this artery, receives the superior lajy'ngeal and crico¬ 
thyroid Veins, and ends in the intcmal jugular or in the facial vein* 

The middle thyroid vein (dg. 765) collects the blood from the lower part of 
the thyroid gland, and receives some veins from the larymx and tracheSi It crosses 
in front of the common carodd artery, and ends in the loivcr part of the interna! 
jugular Vein under cover of the superior belly of the (>mQhyoid+ 

The inferior thyroid veins arc described on p. B5S, 

The facial and occipital veins have been described (pp. S37, 839)- 

AppHed j 4 nof offly.—The internal jugular vein may require bgjsture In cases of septic 
thrombosis of the sigmoid sinus, secondary to suppurative otitis media, in order to 
Drcv-enl septic emboli being carried inm the genvr^ circulation. \\T:ien the thram- 
invoives the supierior bulb of the internal jugular vein, the glossopharyngesh 
and ttcctssoty" nerves may be paralysed. llie h>TK>glossal nen'e ia sometimes 
paralysed by eitension of the thrombus to the veins of the hypoglossal canal 

The intemel jugular vein is also important surgically, because it Is surrounded by a 
number of di?ep cervical Ij^ph nodes ; and when thwe arc enlarged in mlwreuldui 
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or discMC. they- ate apt to adhere to the vessel, rendering their removal 

dim^uk and ofiEfJi danpcrf>us. 

Cardiuc pu3$artofi ia oficn Uempnstrablc in the internal juj^uliir vein ar the root of 
the neck. There arc no valves in the bracliiocephalic v'eins or superior vena cava ^ in 
conscq uenecT the sviicntc of the right atri um causes a wa\'c to pa^ up these vessels, and 
when the conditii^ns are favuu ruble this wa ve appears as a some what feeble flicker over 
the internal juguhir vein at the root of the neck„ quite di^ftinct from^ and just prcccdin^j 
the more foreibSc impulse tran-^mitted from the underlying oomtnon carotid artery and 
due to the ventiicular systole. 1 his atrial systolle venous impulse is much increased 
in conditions in whtch die right atrium ia abnormally distended with blood or U hjTscr- 
trnphied, as is often the case in disease of the mitml valve. 


The vertebral vein is formed in the suboccipital triangle^ from numerous 3mail 
tributaries which spring from the internal vertebral plestuses and Issue from the 
vertebral canal above the posterior arch of the atlas. 'I'hcy unite with small veins 
from the deep muscles at the upper part of tlie back of the neck^ and form a vessel 
which cntei^ the foramen in the transverse process of the [itlas, and descends^ fonti'^ 
ing a dense picsua around the vertebral artery, in the canal formed by the foramina 
transversaria of the cervical vertebnK, Thia plexus ends tn the vertebral vein, which 
emerges from the foramen iransvcrsarium of the sixth cerv ical vertebra^ and runs 
downwards, at first anterior and then anicrotiitcral Eu the vertebral artery, to open 
into the upper and ptistcrior part ot the brachiocephalic (innominate) vein, the 
opening liemg guarded by a pair of vajves. In its course the vertebniJ vein descends 
behind the internal jugular vein and in front of the first part of the subclavian artery 
7 Sl)‘ A small vdn, termed the ^cesjory verf^hml usually descends from 
the plexus around the vcrttbral artery, passes through the foramen iransveruirium 
of the seventh cervical vertebra, and curves forwards between the subclavian arterv 
and the ccmcal pleura to join the brachioccphaUc vein. 


venebral vdn communicates with the sinus of the 

skull by a vein which passes through the (posterior) condylar canaJ^ when that canal 
exists It receives branches from the occipital vein, from the prevcrtebral muscles and 
trora the m ic mal and citt ma I vertebral p Itjsiuscs. 11 is joined bv the anterior vertebral 
the deep cen^ical veins; dose to its temiiniiHon it sometimes rec^Jves the first 
intercoj^tjiJ vein. 

1 he anterior vertebral vein commences in d plexus around the inmsvcrsc pro¬ 
cesses of the upper ^meal venebrie, descend? tn company w ith the ascending L-ervical 
artcr>' betw een Scalenus anterior and Longus itrapitis, and opens into the terminal 
part oi the ^'ertehra! vein. 

'fhe deep i^ryicaZ vein accompanies its artery^ between rbc ScmiapintLlcs capitis 
ei cer^'icis. Jt begiiTL^ m the suboecipital region by communicating brarches from the 
occipitml vein and by amnJl vxins from the deep muscles at the back of the neck U 
receives tnhuranes from the plexuses around the t^pincs of the cervical vertebra?, and 
fowa^a bemeen the trans\^rsc process of the seventh cervical vertebra and the 
neck of ine first Jib to end in the lower part of tlic vertebral vein. 


The IJiixoic (fig. 755) 

The diploic veins occupy channels in the dipltjc of the cranial bones and are 
devoid of valves. They an; large, and eshihit pouch-like dilatations at irreeular 
intervals; their walls arc thin, and formed of endothelium supported bv a la^r of 
clastic tissue. In mdiographs of the akull the diploic veins mav show ^ retativelv 
t^sparent bands which may be 3 or 4 mm. wide fP|. Ill), They are absent from the 
skull of die ttewly-bom and are formed after tho appearance of the diploe at the ane 
or dDDiit two vcars. ^ ^ 

They communicate vsith the meningeal veins, the sinuses of the dura mater and 
the veins of the pericranium They comprise (i) the /rental diptoic wnr. vt'hich 
t*! *upra-orbita[ foramen and opens into the sgpra- 

m t e fmn Jl £!n^ Z iMrirfal) diphic cem, which is confined chielly 

^ sphenoid bone to end in the 

sphenopaneial sitnte or in the antenor deep temporal vein ; (3) the posttrrifjr 
tfiHpomf (p^iriitai) diplf^e vetn, which is situated in the parietal bone - it d^ends 
to the mastoid angle of the parietal bone and joins the transverse sinus IhS an 
a^rtune placed at that angle or through the mastoid foramen ; and (4) the ocdpitat 

She o-riJr ^T' ^^‘^nfined to the occipital Sic anToSrns 

into the occipital vein, or mto the transverse sinus near the conRuence of the sin^. 
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In addition, numcrtiu;; small diploic vcinB (fig* 921) pitrrcc the iuntr lable to 
the marj^ins of the ^superior ^gittal sinus and term bate in the venous lacuna (p, 
S47). 

Memsceal \'eIX3 

The meningeal veins begiit from plcxiform vessels in the dura mater and drain 
into efferent ves^ls which lie in the superficial layer of the dura. The efferents 
communicate with the lacunse of the superior sagittal sinus, with other crantal 
sinuses, including those which accompany the middle meningeal arteries (p. S53) 
and with the diploic veins. 

The Veins of tof Brain 

The veins of the brain possess no valves^ and their walls, owing to the absence 
of muscubr tissue^ are extremely thin. They pierce the arachnoid mater and the 

Fig. 755 ,—Tht Veins Elf the diplut. Df:?pEfiiv«:d by the removij] of the 
outer table of the ikull. 



inner or meningeal layer of the dura mater, and open into the cranial venous sinuses^ 
I’hey comprise two aets^ cerebral and eercbeJlar, 

The cerebral veins are divisible into external and internal groups, according as 
they drain the outer surfaces or the inner parts of the hemispheres. 

The external cerebral veins are the superior, middle and inferior. 

The sufimor vanSj eight to twelve in number on each hemisphere, drain 

the superolateral and medial surfaces of the hemispheres, and are ftminly lodged bi 
the sulci between the gyri, but some run across the gyri. They asoend to the supero- 
medial border of the hemisphere, where they receive small veins from the medial 
surface of the hemisphere, and open into die superior sagittal sinus ; the anterior 
veins run nearly at right angles to the sinus; the posterior and larger veins are 
directed obliquely forwards, and thus open into the sinus in a dircetion opposed to 
the current of the blood contained within it. 

It has been suggested • that thb arrangement prevents the collapse of the thin- 
walled cerebral veins which might otherw^ise result from a rise of intracranial pressure, 
but the causa five factor would appear to be the backward growthof the cerebral hemi¬ 
spheres and the consequent displacement of tlie vessels during devqlopment.f 
• J, S, B* Sfopford, of 6^, 1930^ 

t J* E, A, O'Cormelh 57, 103,1- 
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The superfidal middle cerebral vetn begins on the kteml stirfaoe of the hemisphere* 
and, following the posterior lumiis and the stem of the kteral suleus, ends in the 
eavemous Bunia, The superior asiaslomoftc tdn runs backwards and upwards be- 
tsveen the middle cerebri vein and the superior sagittal sinuSn and thus a eam- 
munieation Le estabibhed between the superiar sagit^ and cavemdus sinuses. A 
second vein* named the w/mor mmlom&ifc reiir, courses over the tempond lobe* 
and connects the rniddlc cerebral txifi to the mms^xrsc sinus. 

The inferior cerebral veitts arc of small siM, and drain the under surface of the 
hemiaphere. ^Hsose on the orbital surface of the frontal lobe join the superEor 
cerebri veijia, and through these open into the SEipcrior aagittdl sinus i those of the 
temporal lobe anastomose with the basal and middle cerebral vcinsp and join the 
cavernous, superior pctroEsal and transverse sinuses. 


Fig. 7Sf>p —a fj> ihnw the pUn of the venou* sitiuses of the dura mater and 

their connoiionji with the ecEcbnil vcina. 
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TIic basal vrin begins at the antnidt' perforated subanuicc by the union of 
(fl) a small anterior terebral vein, which accompanie} the anterior cerebral artery, 
(fi) the deep middle cerebral vein, which receives the tributaries from the iajula and 
ncighbaunng gyri, and mnj in the Root of the lateral cerebral sulcus, and (c) the 
rtr-iofe win#, which pass through the anterior perforated suhatance. The basal vein 
passes backwards round the cerebral peduncle and ends in the great cerebral vein ; 
(fig- 756) it wceivc# tributaries from the interpeduncular fossa, the inferior Jiom of 
the lateral ventricle, the patahippoounpal gyrus and the mid-brain. 

The internal cerebral veins, twn iti number, drain the deep parts of the hemi¬ 
sphere ; each is formed near the interventricular foramen bv the union of the 
rbalamoslriate and dtoroid veins. They run backwards parallel with each otijer, 
between the layers of the tela chorioidca of the third ventricle, and below the 
sptcniiun of tbc rorpus callosum, where they unite to form the great ferebrat 
vein (fig. 756). 

The thalamottriale vein njtw in the groove between the caudate nucleus and 
the thalamus, receives numerous veins from both of these structures and unites 
behind the anterior column of the forais with the choroid vein, to foim the in¬ 
ternal cerebni] win. The ckmoid vein runs along the whole length of the 
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chdmid pte)cu», and receives veins frcim the bJppcicainpus, the fomlx* and 
the oQrptiB callosum. 

llid Sfreat cerebral veiiip formed by the union of ihe two iruemal cerebral 
veins, is a short median tnmk which cur\'c5 sharply upwards around the spfenium 
of the corpus callosuin and opens into the anterior extremity of the straight sinus, 
after receiving the right and left basal veins. 

lljc ceretellnr veins are placed on the surface of the oercbcJlum, and consist of 
two sets, superior and Lnfenof. Some of die superior cmhtllaT pass forwards 
and medial]y, across the superior v^ermis, to end in the straight sinus and in the 
internal cerebral veins ; others run laterally lo the transverse and superior petrosal 
sinuses. The mfmor of brge aLre, end in Ehc sigmoid, auperior 

petrosal and occipital sinuses. 

The Venous Sinusk o> the Dltlv MAiT-nffigs. 756 to 761) 

The sinuses of the dura mater am venous cluinncls which drain the biotid from 
the brain ; they are situated between the two layers of the dum mater and iire lined 
by enduthcliun^ continuous with that which lines the veins; they contain no valves, 
anti their w alls are devoid of muscular tissue, 'rhey may be divided into two groups J 
(1) a poatcrosuperior, at the upper and posterior parts of the skuh, and (2) an antero¬ 
inferior, at the base of the fikull. 

1. posterosuperior group of venous sinuses : 

Superior sa^tlaL Two tninsvcrsep 

Inferior sagittal. Two sigmoid^ 

Straight- Occipitah 

UTie superior sagittal sinus (figs. 756 to 75S, 919) occupies the attached, convey 
margin of the falx ceTebri* It commenoes in front of the crista galli, where it 
receives a vein from the nasal cavity on the rare occasions when the foramen 
caecum is patent; it runs Ixickwards, grooving the Irnier surface of the frontal bone, 
the jidjacent margins of the two parietal boneSp and the squamous part of the 
occipital bone [ near the internal iKxipiial protuberance it deviates to one or other 
side (usually the Tight)^ and is continued as the corresponding transverse sinus. It 
is triangular in cross-actionp aod gradually inerca^s in size as It passes backwar^. 
Its inner surface presents die openings of the superior cerebral vcim, projecting 
arachnoid granulations^ and numcn>us fibrous hands which cross the inferior angle 
of tlic sinus ; the sinus also communicate through miaH openings with irregularly- 
shaped liicuHie, which arc situated in the dura mater nc^r the sinus* There 

are usually three lacuna on each side of the sinus : a sniall froutslp a large parietal^, 
and an occipitalp which ts inTcrmcxIiate in size between the other two (Saigent •)* 
In elderly subjects these lacun® tend to become continuous with one another as 
one elongated lacuna that is present on each aide-f Many fine fibrous bands cross 
the lacunsCp and numerous arachnoid granulations project into them from beJow» 
'The superior s^igiltaJ sinus receives the iMjperior cerebral veins, and, near the post¬ 
erior extremity of the sagittal suture, veins from the pericranium w^hich pass through 
the parietal foramina; the venous lacunae receive the diploic and meningeal veins. 

According to Le Cros Clark { the lacunae should be deacribed as a complicated 
meshwork of veins into which the diploic v<jins and the superior terminadons of the 
menitigeal Veins open. The superior cerebral veins i>ever open into the lacunas^ but 
pass beneath them and open directly into flic superior sagittal ainus. 

'The confiuenfcof //re sinasts (fig. 759)1'® the rerm applied to the dilated posterior 
extremity of the superior sagittal sinus. It is lodged nn one side (generally the right) 
of the internal occipital prdtubenincet smd from it the transverse sinus of di-c same 
side is derivecL It receives also the btoud from the occipital sinus, and is connected 
by a channel with the commencement of the □pp€>site transverse sinus, 

Appthd Anatomy.—Tht commutucatioiia which take place between the superior 
sagittal sinus and the veins of the nose, scalpj and diplo^i cause it to be at times the 
scat of infective thrombosis from suppurati^'e precesKs in these parts, 

* Perty Sargent, 7, Arraf. imd Fitynoi., ^5, 1910. 
t J* E. A. O‘Connell, Brainy 57+ 1934- 
; W E. Irf tirw Clark* 7 55, 1910. 
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The inferior sagittal sinus (fig. 75S) is contained in the posterit^r fine-luil/ or 
two-thirds of the fire margi n of the faU cerebri. It incrcdscs in siac aa ii passes bach- 
wards^ and ends tn the straigiit siniis. It receives several veins from the falx cerebri, 
and occasionally a few from the medial surfaces of the hemispheres. 

The straight stnus 75^, 759) is situated in the line of junctinn of the falx 
cerebri with the tentorium ccreSelhi ft is triangular in cross-sectioti and is Ira versed 
by 0 few transvene bands. It runs backwards and downw'srds from the end of the 
inferior sagittal sinus tn the transvei^ sinus of the side opposite to that inio which 
the superior sagittal sinus Is prolonged. Its terminal part communicates by a cross 


Fio. 7S7.-^Tbe iupctwr id^iisl sinus laid opeti after the remfFval of the 

»iTiF of the fibraixK bands which crofis the sinus Mre cleitly Seen i from two of 
the Iflcuiiie, bftnlic* we psased into the ainiis. (From a yoLin^ iiibjeCl.V 



branch with the confluence of the sinuses- Besides die inferior sagittal sinus, it 
receives some of the superior cerebellar veins, and, at its commcncemenlp the great 
cerebral vein, the site of the opening of this vein being marked by a dilatation. A 
amalJ body, resembling an anachiioid gmnuLitioTip projects into the anterior end of 
the floor of the siniia at its ai^le of union with the great eerebnal vein.* This body, 
which contains a sinusoidal pLexus of blood-vcsacls, is believed to bewme engorged 
from time to lime and may then act as a ball %'alve mechanism to control the outflow^ 
from the great cerebral vein and $0 to influence the secretion of cerebrospinal fluid 
by the choroid plcsniscs of lateral ventricles. Other masses of cavernous tissue 
have been described in relation with the dural ainu.ses.t KngorgemEnt of these may 
influence the folood-flnw through tlie sinuses. 

* . fv. I ,c Cjiot Clark, Hrii. Al«/. ajrdp 1940, 

t J. BiiUi, vfiwr- jo6^ 1950* 
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The iraixsverse Minuses (Eg. 759, 760) an! of lai^c die, and begin at the ifitemal 
occlpitaJ protuberance ; one, gcoerally the right, being the direct cominuation of the 
superior sagittal sinofl, the other of die straight siiuib. Each transverse sinus passes 
laterally and furti^ardfi to the posterior part of the petrous portion of the temporaI 
honet where it hecomes continuous vviih the signiipid. minus. It lie* in the attached 
margin of the tentorium cerebclli, at first on the squama of the occipital bone and 
then on the mastoid angle of the parietal bone. It describes a gentle curvep convex 
upi^'ards, and increases in size as it proceeds fonivards. Tise transvcise sinuses are 
triangulnron transverse sectionp and axe frequently of unequal abcp that formed by 
the superior sagittal sinus being the larger. At the point where they become con¬ 
tinuous with the sigmoid sinuses ^ they are joined by the superior petrosal sinuses ; 
and in their course they receive some inferior cerebniJ+ inferior cerebellajp smd diploic 
veinsj and the inferior anastomotic vein (p. 846), The p^irf^uamtins tinm^ when 
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present, runs backwards along the junction of the squama and petrous portion of the 
temporal bone, and opens into tlic transveise sinus. Anteriorly, it commuiiidtcs 
with the external Jugular vein through a postgicnoid (p- 32a) or a squamosal (p. 321) 
foramen. , ... 

The »tgmoid sinuses (fig. 760) are dirccily conunuous with the transvet^ 
sinuses at the point where the latter leave the tentorium ccrebclli. Each sigmoid 
sinus curt'^cs downwards and medially in a deep groove on the mastoid part of the 
temporal bone, cnKses the jugular process of the occipital tKjne, tmd then turns 
forwards to become continuous with the superior bttib of tlic mtcrrial jugular vein 
in the posterior part of the jugular farsLmen+ Aiueriorly it very thin plate of bone 
separates the upper part of the sigmoid sinus from the tympanic antmm and mastoid 
air-cells. Each sinus communicaties writh the veins of the pertcranium by means of 
the mastoid and condviar emissary veins. 

'Ehe occipital sinus (fig. 760). the smallest of the cranial sinuses* la situated in 
the attached margin of the fak ccrebclli, and is generally unpaired, but ttvo may be 
preaenu It commences near the margin of the foramen magnurn in several small 
venous channels, one of which joins the terminal part of the sigmoid sinus; it 
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tomifiunicates wiih Ltic LntismflJ vertebral plexuses, suad ends in the conHuence of 
the sinuses. 

3^ *rhe antetio-ifkfcnor group of venous sinuses: 

Cavemoua. Superior petrosal. Basilar. 

Sphenoparietal. Inferior petrosal. Middle ineftingcal. 

Intercavernous. 

The cavernous sinuses (figs. 756, 7<k> and 761) arc placed on the sides of the 
body of the sphenoid bone, and arc so named because they present a spongy struc- 


Fig. 7S9i.—T he tenCon'ijm eerebtflilj. Superior Sapret, 
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Hire, due to their being traversed bv niunerous interlacing filamcnte Each extends 
from the superior orbital fissure in front, to the apes of the petrous part of the 
temporal bone behind, and has an average length ofacm.aodflMdthofi cm The 
iniem^ carotid artery, surrounded by a plexus of sympathetic ncncs passes 
forwa^ through the simis; the abducent tierce, in this part of its course lies 
inferolatera] to the artery; the oculnraotor and trochlear nerves, and the ophthalmic 
and maxtlla^ divi^ons of the tngeminal nerve {fig. 761) are placed in the lateral 
wall of the smi^ TW stroctiws are separated from the bW in the sinus by the 
endothelial lining. I he sphenoidal atr sinus and the hvTHph>^is cerebn are m^ial 
10 the cavernous Sinus. The cavum trigeminalc (p. 1081) is clo«lv related to the 
lower and ^tenor part of its lateral wall, and extends backwards beyond the sinus 
enclosm^the tngeimnal gangliom The uncus fotms an addluonal relation of the 
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The tribwtarita of ihe caveraotis sinus arc the sufurrior ophthalmic vem, a branch 
from the inferior ophthalmic vein, the aupcrficial mitldk cerebral vein, some 
Lftferior cerebral veins, and the sphenoparietal sinus; the c^tral %'em of the te^na 
and the anterior trunk of the middle ineninRed sinus sometimes open into iL The 
cavernous sinus communicates ^th the transverse sinus through the supenor 
petrosal sinus with the internal jugular vein through the inferior petrosal sinus and 
a pksus of veins on the internal carotid artery; with the pterygoid venous plexus 
bv veins which pass through the emissary sphenoidal foramen^ foramen ovale, and 
foramen laccnun t and unth the facial vein through the superior ophthalmic 
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vein The two sinuses also cninmunicatc with each other by mcMS of the antenor 
and posterior intercavernous slnusa and the network of tl« bMilar plexus. 

The espulsirm of blood frotn the cavernous sinus is due inainly to the expansile 
pulsation of the internal carotid artery iu its interior. It is also influenced to some 

extent bv Eravitv sjnd the position of the hcad^ # l ■ 

The iphenoparielal sinuses (fig. 760) nin on the under surfaces of the lesser 
wings of the sphenoid bone, near their postenor edges, sinus receives s^t 

small veins from the adjacent part of the dura mater and may receive one of the 
middle meningeal sinuses; it opens into the antenor part of the cavemoua sinus. 

da«ro»0’ —An arteriovenou* communication may be esmbliahed between 
the cawmous sinus and the internal carotid artery, Kiving rise to a pulsating tumour 







Pfa AXGrOLOGV 

in the orbit. Such cammunicadon may be the result of a bullet wounds a stab, or a 
blow cr fall BufTicientJy Mvere to cau^ a fracture cf the bsiic of the skull in this fistui¬ 
tion, Ligature of the internal or comfnon carotid arteiy has been pcrformedl in theae 
«ues with considerable sucec^. 

It la, now Well kiKJ-wn that catic* in the upper parts of the oa$af cavi ties and suppura^ 
tion in cei^ain of the aece^spty of the noie are fret;uently mpotiaible for septic 

thrombo&b of the cat'emous in exactly the «anie wny as thrombmia of the 

sigmoid sinus is due to septic disease tn the mastoid process, iiome cases of meninEtitis 
are due to the spread of an infection from the ethmoidal or sphenoidal sinuses to the 
cavemoLLB sinuses, and thence to the meninges. 

The ophthalmic veins (fig. two in number, superior and inferior* are 
devoid of valves. 


Fig. 761 *—An obU<itK:ly roEtinal section through ihc middle cranial fossa. The 
ophthalmic ■nd rnasilkry nen^es are Bhown surrounded hy tht: forward 
ejttenrioo of ihe tHgcminele ip. joISj)* 
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The ruf^ior ophihalmit vein begins behind the medial angle of the upper evelid 
by the union of two branches which coitimunicnte anteriorty with the facia] 
and 8upra*orbtt3l veins (p. 839), It rune with the ophthalmic artert- leceivca 
mbutanra corresponding to the branches of that vessel, passes through the medial 
part of the superior orbital fbsune, and ends in the cavernous sinua. 

The m/mflf npArtflWf rwh begins in a venous network at the fore part of the 
floor and m^ial wall of the orbit; it receives some veins from the Rectus inferior 
Obhquus uifenor, lacnmil sac and eyelids, and runs backwards above the Rectus 
infenor. It frequently joins the superior ophthalmic vein, but may open into the 
caveroous sinus It eommunidtes with the pterygoid venous plexds bv- means of 
small veins which pass through the inferior orbital fissure. 

The intercavernous Sinuses, an anterior and a posterior, connect the cavernous 
the median plane, and art rituated in the anterior and posterior 
attached border* of tlw diaph^a selbe; they form with the cavernous sinuses a 

heTlow ^ 1"™ r ■ The small, irregular venous sinuses which 

lie below the hypophysis ccrcbn dram into the intercavernous sinuses. 
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Thl^ superior pctros^ sinuses (fig, 760)1 small and narroiiVt drain the cavernous 
sinuses into the tnmsverse suiuses. After leaving the posterosuperior part of the 
cavemuus sinus, each supcHor peimsal sinus runs backwards and laterally in the 
attached margin of the tentorium cctelwllii In its course it emsaca above the tri¬ 
geminal ncni c and then lies in a groove on the superior border of the petrous part of 
the temporal bone. Finally* it terminates by joining the transverse sinus where the 
latter curv'ca downwards to become continuous with the sigmoid sinus. It receives 
some cerebellar and inferior cerebral veios, and veins from the tynipanie cavity. 
The inferior petrosal sinuses drain the cavernous sinuses into the internal 
jugular vein . Each (fig, 760) begins in the postero-inferior part of the corresponding 
cavernous sinus, runs backwards in the groove between the petrous part of the 
temporal bone and the basilar part of the occipital bone, and, passing through the 
anicrior part of the jugular foramen, ends in the superior bulb of the internal jugular 
Vein, It receives the Labyrinthine (internal auditory) veins and also veins from the 
medulla oblongata, pons, and under surface of the cerebellum. 

The relations of the structures transmitted through the jugular foramen are as 
follow's : the inferior petrosal sinus lies medially and anteriorly with the meningeal 


Fin, 7G2,—^T'he vcirw of the orbit, (Pniiitf and Charpy.) 



branch of the ascending phan ogcal artery, and is directed obliquely dow nwnrds and 
backwards ; the sigmoid sinus is situated at the lateral and posterior part of the 
foramen with a meningeal branch of the occipital arteiT : between the two sinu^ 
are the glossopharyTtgeal, vagus^ and accessary nerves, 1 he junction of the inferior 
petrosal sinus w-ith the internal jugular vein usually takes place on the latentt aspect 
of the rierv'es, 

'fhe basilar venous pleius {%. 760) consists of several interconnecting 
Venous channels situated l>etween the layci s of the du ira mater ovc r the dorsum sel EiC 
of the sphenoid bone and the basilar part of the occipital bone ; it connects the two 
inferior petrosal sinuses, and communicates wnth the intemai vertebra] venous plexus. 

The middle meiungeal sinuses (fig* 760) communicate aWc with the 
superior sagittal sinus through the adjoining venous lacuna* and unite to form two 
principal inmkSr anterior and a posterior, which accompany the branches of the 
middle meningeal arteries more or less closely in the grooves on the inner surface of 
the parietal bone i sometimes they occupy grooves apart from the arteries. Their 
mode of ending is subject to some variation. The posterior trunk may leave the 
cranial catiiv through the foramen spinostun and open Into the pterygoid plexus. 
The anterior trunk may reach the pterygoid plexus by emerging through the fora¬ 
men ovale, or it may end in the sphenoparietal sinus or in the cavernous sinus. 
Besides their meningeal tributaries they receive some small inferior cerebral veins,, 
and communicate with the diploic veins and with the superficial middle cerebral 
vein. 
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Wood Jonea • has pointed out that the grooves on the inner surfaces of the 
parietal bones are in re^ty impressed by the middle meningeaL sinuses and not by 
the arteries^ and says, " the vasctilar tunnel at the pterion^ although it lodges arterial 
branches, is typically formed by, and typically lodges a venous sinus/' 

Suffoct Anatomy of the Venouf Siftusei. —The mperiar fagitial sinus runs from the 
glabella to the iiuon. Narrow anteriorly, it widens as it passes backwards until, near 
ifa icrtmri4rion, it is about i cm. wide. The tfanwene sima begins at the inion and 
runs laterallyp w tth a si tmhr upward convexity to the base of the mastoid process. Here, 
it is continuous with the si^moM sirtm which passes downwards just in Cnjnt of the 
posterior border of the mastoid process to a [joint about i cm. from its tip. The 
sinuses ere usuelly a little more than i cm. wide (fig. 7j+). 


The Veiss 

The emissary veins pass through apertures in the cranial wall and establish 
communicatiDns betwoon die venous sinuses inside the skull and the veins external 
to it. Some arc constant, but others are not al^vays proaent. 1. A mastoid emissary 
vein runs through the mastoid foramen and uoitca the sigmoid sinus with the 
posterior auricular or occipital vein, A parietal emissary vein passes through the 
parietal forameo and conneetB the superior sagittal sinus with the veins of the scalp. 
p An anterior oondybr emissary^ vein traverses die anterior condylar canal and 
joins the sigmoid sinus with the internal Jugular veion 4. A posterior condylar 
emissary vein passes through die pcKterior condylar canal and connects the sigmoid 
siauii with the veins in the suboccipital triangle. 5. A network of emissary vein* 
unites the caiernous sinus with the pterygoid plexus through the foramen ovale. 
6. Two or three amall emissary veins run through the foramen lacerum and con¬ 
nect the cavernous sinus with the pterygoid plexus. 7. A vein traverses the emissary 
sphenoidal foramen and connects the same vessels, fi. A plexus of veins accom¬ 
panies the internal carotid artery' through the carotid canal of the temporal bone 
and unites the cavernous sinus with the internal jugular vein. 9. The petrosqua¬ 
mous sinus (p. 349) connects the transverse sinus with the external ju^lar vein, 
10. An emissary vein may pass through the fommen cscum, which, howeverp is 
patent in only a little oyer i fh?r cent, of adult skulls,f and oofuiects the veins of 
the nose ^vith the superior sagittal sinus. 

Applied Attatcmy .—^Fhe emissary veins are of importance in surgery. Indamma- 
tar>' procoKs commencing on the outside of the gkuU may travel inwards through 
them, and lead 10 chrombosis of the sinuses, a condiiion which alwavs gives rise in 
coiuiderable anxiety anJ often proves fstiiJ. 


THE VEINS OF THE UPPER LIMB AND TJIORAX 

The veins of the upper limb a« divided into two sets, supafitrial and Art, v?hich 
anastomose freely with each other. The superficial veins are placed immediately 
under the skin, in the superficial fascia; the deep veins accompany the arteries 
Both sets are provided w-iih valves, which are mon: numerous iti the deep than ifi 
the superficial veins. ■ 


The SiTFEiiFicLAL Veins of the Upper Esthe-wity (figa. 763, 764) 

The su^rficial veins of the upper limb are the cephalic, basilic, and median 
ontcbrachiaL vein^, and thclf tributaries. 

'nc dorial disifal vam pass along the sides of the fingeia and are joined to one 
Mother by obbque commum(»ting branches. Those from the adfacen aides of the 
hngera tmite to form three dw^ m^taearpaf vtim {fig, 763), which end in a dorsal 
renour HeftrorA opj^ite die middle of die metacarpus. The radial part of the net¬ 
work la jom^ by the dorsal digitd vein from the nuiial side of the iSdc* Sneer and 
by die dorsal digital vom of the thumb, and is prolonged praximaUy as the wohaHc 
vem. The ulnar part of the network r«civ« the dorsal digital vein of the ulnar side 


•7. Amf. and PhysioL^ 46, 
f C. L Boj cJhJ. ^Inaf.p 65, 
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of the little finger and is continued upwards as the basilic vein, A commtinicattng 
branch frequently connects the dorsal venous network mtli the cephalic vein about 
the middle of the foneanti. 

The palmar digital vaia are connected to the dorsal digital veins by oblique 
intmopitalar w/ju* which pass backwards between the he^ of the metacarpal 
bones. They abo drain into a venous pleitua which tics superficial to the palmar 
aponeurosis, and extends over the thenar and hypotlienar eminences. 

Fio. 763.—The veins of the donum of the hand. iBourgery.) 



The cephnlic vein (fig. 764) begins in the radial part of the dorsal venous net¬ 
work of the hand and winds upwards round the mdial border of the forearm to its 
anterior surface, receiving tributaries from both surfaces. Below the front of the 
elbow it gives off the median cubital tjrin, which receives a communicating branch 
from the deep veins of the forearm and passes medially to join the basilic vein. The 
cephalic vein then ascends in front of the elbow^ in the groove betw^eeu the Brachio- 
radialis and the Biceps. It crosses supcrfidal to the lateral antebrachial cutaneous 
ncr\'e and runs upwards along the lalcral border of the Biceps. In the upper one- 
third of the arm it lies in the interval between the Pcctoralis major and Dekoid, 
where it is accompanied by the deltoid branch of the thoraco-acromial artery. Enter¬ 
ing the infraclavicular fo^. it passes under cover of the davicubr head of the 
Pcctoralis nuyor. It then pierces the clavipcctoral fascia, crosses the axillary artery, 
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and ends in die axillary vein just below the clavicle. Sometimes ii communkaies 
with the cxicmal jugular vein by a brand) which ascends in frant of the clavicle. 

In «omc t^scs the median 
Fift. The ftuprrfidil vtini of rlw fighi upper ctibiial vein is lar^ and eairiea 
frstnrrtiirsr. a|] or most of the blood from the 



cepKoJk into the baaHic vem^ the 
rault being that the proximal half 
of the cephalic vein isi either abaent 
or of small siic, 

ITic iucrssory c^phahe 
arises from a smafl tributary plexus 
on the back uf the forearm or from 
the uJnar side of tl« dorsal venous 
network ; it joins the cephalic be- 
luTiV die ellxiw, tn some cases it 
springs from the ccplialic vein 
a^vc the wrist and joins ft again 
higher up. A large oblique branch 
frequently connecU the basilic and 
cephalic veins on the hack of the 
Forearm* 

I'he basilic vein ffig, 764) be* 
gins in the uJnar part of the dorsal 
venous nctw ork of the hand. It 
runs up for some distance on the 
posterior surface of die ulnar side 
of the forearm but inclines for’* 
ward to the anterior surface below 
the elbow, li isa Julned by the 
median cubital vein and ascends 
obliquely tn ihe gnxjve between the 
Sleeps and Pronator tem; fila¬ 
ments of the medial aniebnichbl 
cutaneous nerve pass both in 
front of and behind this portion 
of the vein* ft then nins 
wards along the medial border 
of the Bleeps, perforates the deep 
fascia a little below the middle 
of the upper aim^ and, ascending 
on tile medial aide of the brachid 
aner>' to the lower border of the 
1 cres major, is continued onw^ards 
as the axilLiir>- v'dn. 

The median vein of the fore- 
arm (fig* 764) drains the venous 
plexus on the palmar surface of 
the hand* It ascends on the front 
of the forearm and ends tn the 
basilic vein or the median cubital 
Vein ^ tn a small proportion of 
Casta it diridts below the elbow 
into iw'o branches, one of which 
joins the tyasilk vem, the other (he 
cephalic vein. 

Sutface AHittomy.—An the super- 
nciaj Veins can be teen, especial I v 
u) spare indjviduab, up to the point't 
where they picroe the deep fascia. 
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Appiifd AnmQffiy*^Vfnes^cti^n and intr4Jv§miiS tnfutwn and are gcntn&Uy 

pcrfe>rmed sit the bend of the clbqiA% smd the ki^est vein in ihk Kituation, uvusiUy the 
median cubli;flls. commonly selerted. Recently the cubital vcuis \mvc been used for 
the introdaction of cardiac catheters for obtamin^ samples for bhjod analyBis from the 
chBun^rs of the heart and the srcal vcaacb near the heart. The proccdum ia easier 
when the catheter is passed along the left basilic vein, and the brad shotild be mppro^i- 
maied to the left shouldtt to tn^e the angle of junction of the Jugular and subclavian 
veins rnore leutc.* 

TuK Veins of t»e Upper Limb 

The deep vcSm follow the course of the artcties as thdr vtnje comitantes. 
They are generally arninged in pairs, and are situated one on each side of the 
correaponding artery , and connected at intervals by short transverse hranches. As 
most of the blood which supplies the tipper limb is remmed by the superficial veins, 
the deep veins are small and inconspicuous. 

The deep veins of the hand.—The superficial and deep palmar arterial arches 
are each accompanied by a pair of venre comitantes, which oonslitulc respectively 
the fuprffidat and deep paimar venous urche^, and receive the veins corresponding to 
the branches of the arterial arches ; thus the pulmnr digital veins open into the auper- 
Bdah and the palmar metacarpui mm into the deep, palmar venous arches. The deep 
veins accompanving the dorsal metacarpal arteries receive perforadng branches 
from the palmar metacarpal veins, and end in the radial veins and in the dorsal 
Venous nctivork. 

The deep veins of the forearm arc the venx comilantes of the radial and ulnar 
arteries and constitute respectively the up^vard continuations of tlic deep and siipcr- 
fieial palmar venous arches ; they unite in front of the elbow' to form the brachial 
veins. The radial veins are snmllcr than the ulnar, and receive the deep veins of the 
dorsum of the hand. Tlie ulnar veins receive tributaries from the deep palmar 
venous arch and communicate with the superficial veins at the wrist; near the elbow 
they receive llic anterior and posterior interosseous veins and send a large communi¬ 
cating branch to the median cohital vein. 

The brachial veins are placed one on each side of tlie brachial BrteTy\ and 
receive trihutancs corresponding with the branches of that artery ; near the lower 
margin of the fiubscapularis, they join the ajollary vein ■ the medial one frequently 

joins the basilic vein. * . , 

These deep veins have numerous anastomoses, not only with each otherj hut also 

with the superficial veins. ^ t 

The uiLlary vein begins at die lower border of the Tens major, as die conumi- 
ation of the baailic vein. increaBefi in sixe as it ascends, and ends at the outer border 
of the first rib, where it becomes continuous widi the subclavian vein. Near the 
lower border of the Subscapularis it receives the brachial veins and, close to its 
termination, the cephalic vein ; its other tributaries correspond with the b™ch« 
of the airillan' artery. It lies on the medial side of the axillary ortcry , which it partly 
overlaps 1 between the tvro vessels arc the medial pcctDral nerve, the medial cord 
of the brachial plexus, the ulnar nerve and the medial antebrachial cutaneous nerve. 
On its medial side it tfi accompamed by the medial cutaneous nerve of the amip and 
botli on its medial and posterior aspects it is miimately j-elotcd to the lateral ^oup 
of the axillarv lymph nodis. It is provided with » pair of valves oppiifute the lower 
border of the Subscapularis ; valves are abo found in the ends of the cephalic and 

subscapiilar veins. . . . - ^ n 

The subclavian vein (fig, 704), which is the contmuation of the axillary % cm, 
exteticls from the outer border of the first rib to the medial border of tlie Scaieniis 
anterior, w'hcre it unites with the internal jugular vein to form the bracbioctphaiic 
(innominate) vein. It is in relation, in front, with the clavicle and Subetavius ; 
behind and above, with the subdarian artcn\ from which it is separated by the 
Scalenus anterior and, on the right side, by the phrenic nerve. Below ^ it rests in a 
shallow groove on the first rib and upon the pleura, h is usually pnwided w ith a 
pair of %'ah'C3, whieh anr situated about ^ cm. from its terminal ion. 

Its tributaries are the external jugular vein, sometimes the anicrior jugular vein, 
and occaaionallv a small branchy which ascciids in front of the clavicle, from the 
cephalic vcim 

• HotImR. H. E. und Ljk. O* A., Drif. UfartJ., vol. sli. No. a, 153, 1950. 
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with (he imcrad jugular .-ein, the left subclavian vein 
receives tlic thoraae duct, and the nght aubclavian vein the right IvTOphatic duct. 

Sti 7 farf Attata»,y.^Tht deep veins fallow the course of the arteries except for the 
^e .utlSl- •"hich he mediat to and bcTnw the cort^p^SLi^riJs 
Sit 1 T’^ nspresemed by a broad line behind the clavicle f^m a 

inaitoid’tSsckTfirS^'" "" 

Tire \-siNs OF TiiE Thorax (figs. ^5 10767} 

fTic brachiocephalic (innominate) v?ins are two large trunks Dlaccd in the 
i^t of the neck and in the uppermost pan of the thorax ; each is fomed bv the 

i;;ra« Jl::.jd ^ corresponding sidd and 

f'S- ^^ 5 ), shout 2-5 cm. long, begins behind 

SS leftbiSlit^nl^V"'' ■ "'If' vertically downwards. Joins 

af th/tw!^ thesupenof vena cava behind the lower border 

the cartila^ of the first nb, dose to the right border of the stemum h lies in 
front and t» JiC ngljt of the hradiioccphalic artery and the right vagus nenc The 

nght pl^ni phreme nene. and internal thoracic arterv are ^terior to thc'uooet 
part, and lateral to the lower part of the vein ' * rur 10 rnc upper 

‘rx Sir % 

right brachiocephalic vein 10 form the superior vena L-ava It is a r '■ 

riiaiiubrium stem! bv the Sternohyoid and™terno! 
thyroid, tlie iliymus or its remams, and some loose areolar tissue, and at ire icS^ 
tion, IS overlapped by the nght plctim. In its course it crosses suiSdal rn UH 
intemat thtirocic, Eub^kvbn and common carodd ancni^ the left nhron 

and accasionally some thymic and pericardial veins. P°' v intercostal vein 

■Worf The brachiocephalic veins can be reorcsenrerl hv 1,^ 1 k j 

r-5 cm. wide from the sternal end of the davidr on ca^ Jid^t^^K r ’ 
sopenor vena cavn s. the lowrt bottler of the first right eosiiJ caSU”™"’™ 

-reiimfrSi:;Ss"^^:^hfva scpamtdy ;u.o the right 

the left vein-Wi^r SI ^JjTi t is t£,^^ S«p.^rior vena cava 

by a small branch with ihe right one crrHots thi* I ft communicate 

passes in front of the root of the ‘eft Lo. JL “**«». 

in the right atrium. It replaces the obli^jue vei^of theTeftat^m 
siTiu# and nn^iv^ all the Hbutariefl of the latter and tht comnary 

the adult is due tp the peniistencc of the early frtffni 

normal condition in birds and some manirnals. o^jtion (p. 175J. and is the 

stemi. cm^inrtbcTu^Ji teroa" Wa!’ao“ flTi'n^rS^ronhJSchei ' 

valves. About the level of the third coirelSil™ the’^i^^ 

form a amgic trunk, which runs up medial to thtf ancrv ufuie lo 

ponding hmchioccphahc vein. Thc^y received tribS the veit '"l 

oWiq-clf d,.»„„„rd, ,1„ rishl ..™ n, b„d,i«.;q.h.lic^,i;i5“™ 
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the right brachiocephalic vchij at Lis junction with the superior vena cava; fre- 
quently the two veins open by a common trunk either in the latter situation or into 
the left brachiocephalic %'cLn. These veins receive maaphageal, tracheal^ and Inferior 
laryngeal veins, and are provided with valves at their tcrmlnatiQiis^ 

The left superior tntercosul vein {Sg, 766) receives the second and third (and 
sometimes the fourth) left posterior intercostal veins; it runs obliquely upw^irda 
and forwards on the left side of the aortic archt passing lateral to the left vagus and 
medial to the left phrenic ner^ e, and opens into the left brachiocephalic vein. 11 

Fiu. 765,—^Thc surface ntdridiis of wnv of ihc impartanl siructum in the faec. 
iifdc and upper pan of thorax. 
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usually receives the left bfonchial veins, and sometimes ihe left pericardiacophrenic 
vein ; it communicates below with the superior hemiazygos vein. Occasiunally it 
gives off, near its lerminalion, a smul! vessel w'hich runs downwards across the aortic 
arch and behind the left pulmonaiy^ arter)' to enter the ligament of the left vena cava 
(Ph 704). Chaining.the dorsal aspect of the left atrium this small vessel becomes 
continuous with the oblique vein. 

The superior vena cava {hgs. 677+ 679^ 6S0, 6Si, 766) drains the blood from 
the upper half of the body* It measu^ about 7 cm. in length, is formed by the 
junction of the tveo brachiocephalic veins, and is devoid of vafvea* It begins be¬ 
hind the lower border of the first right costal cartilage close to the sternum, and, 
descending vertically behind the first and second intercostal spaces, ends in the 
upper part of the right atrium opposite the third right cos^l Qrtilage; the lower 
half of the vessel is within the fibrous pericardium^ %vhich it pierces at the level of 
the second costal cartilage. It is covered in front and on each side with the seraus 
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pericardium. In its cdut^ ii describes a slight cunT, the convexit}' of which is to 
the right side. 

ReEadons .—hi fronts the superior vena caV4i is related to the anterior msrgiiiB o/ 
the right lung and pleura with the pN^rricairdititn ifiter^'ening below ; these separate 
it from the Intet^al thoracic artery, and the fit^t and second inlcrcoatal spaces, 
3nd froni the second and third costal eartibgcs ; the trachea and the right 
vagus nerve are pQ$t^Qmfdta! ond the right Jung and pleura posl^olaterQl to its 
upper part, while the root of the right lung is a direct posterior felation beloWi 
On its tight Jf^e, it is related to the right phrenic nerve and right pkura; on its 
UJt $id€^ to the commencement of the bnichioccphalic aitcri' and the ascending aorta, 
the biter ovcrbpping it. 

Surface Amtorny .— llic superior vrna cava is a cm. wide and partly under cover 
tjf the right nnargin of the sternum. It extends from the lower border of the firat to the 
lower border of the third cosiml csrtikgc of the right side. Th^ shadow of itn latcnil 
border h easily secfi in antero-poitcrior radiographs of the chest (PI. XIX). 

Tributaries.—The superior vena cava receives the azygos vein and several 
small veins from the pericardiiun and other structures in the mediastinum. 

The azygos vein * (figs. 766, 767J is inconstant in its mode of origin. On 
developmental grounds it may be expected to arise from the posterior aspect of the 
iiLTerior vena cava, at or below the level of the renal veins. Such a vein Uumlmr 
IS very frequently present and ascends in front of the upper lumbar 
vertebra. It may pass deep to the lateral border of the right ems of the diaphragm^ 
or it may pierce the crus. Occasionally it may pass through the aortic opening of 
the diaphragm, on the right side of the cistema chyLi. In front of the body of the 
twelfth thoracic vertebra, it is joined by a large vessel whichi rormed by the union of 
the right sscending lumbar with the right subcostal vein, passes forwards on the 
right side of the body of the twelfth choiacic vertebra under cover of the right crus 
of the diaphragm. This common tmnlt may, in the absence of a lumbar azygos vein, 
form the azygos vein. Whatever Its mode nf origin, the azygos vein ascends in the 
posterior mediastinum to the level of the fourth thoracic vertebra where it arches 
forw^ard over the root of the right lung, and ends in the superior vena ca^'a, just before 
that vessel pierces the pericardiumn 1 n its course it lies in front of the b^iqs of tJte 
low^er eight thoracic verlebr®, the anterior longitudinal ligament, and the right 
posterior intercostal arteries. On its right side arc the greater splanchnic nerve, 
the right lung and pleura ; on its left side, throughout the greater part of its course, 
art the thoracic duct and aorta^ and higher up^ where it arches forward above 
the root of the right lung, the ersophagus, trachea and right vagus. En the lower 
part of the thorax it is covered anteriorly by a recess of the right pleural sac and 
by the eesophagus, but it emerges from behind the right edge of the latter and 
ascends behind ihe htlus of the right lung (hg. 767). 

Trlbutarlofi.—U rtetives the posterior inrcrii^ostfll veins of the right side, with the 
exception of the vein fmin the fint intercostoJ space ; the veina from the secaitd, 
third and fourth inieicostsl spaces usually open by d common fit cm called the right 
superior inicrcoatal vein. It receives also the superior and inferior hernia^ygos veins, 
several ccfwiphagcal, mediasrinal, nnd pericardial veins, and, near its terminaiiDn, the 
right bronchial ™n9. When it begins os a lumbar azygos vein, the common trunk 
formed hy the uniim nf the right ascending lumbar and subcotrol veins is its largest 
tributary. A few imperfect valves are found in the azygoa vein, but its tributaries 
are provided with complete valves. 

l*tic mfeKor hemiazygos vein {fig. 7fih) arises on the left side in a manner 
corresponding to the origin of the azygos vdn on the right side and. ascending on the 
front of the vertebral colujiin as high as the eighth thoracic vertebra, posses across the 
column, behind the aorta, ixsophagus^ and thoracic duct, to end in the azygos vein. 
It receives the tower three posterior intercostal t^eiris and the common trunk formed 
by the union of the ascending lumbar and the subcostal veins of the left side, and soine 
cesophagcal and mediastinal veins. Its luwcr end oftert trommunicates with the left 
renal vein. 

The Bupcjior hemiazygos vein (fig. 766) descends on the left side of the vertebral 
wlumn. h receives the veins fmm the fourth (or fifth) to the eighth intercostal spacei 
inclusive of the left side, and Bometimes the left bron^^ial V'cins. It crosses the body 
of the seventh thotaric vertebra and joins the azygos vein. The superior hemiazygM 

* The Emngcrncnt of [he rootlet* of the and hetniaxygos Veertj ia subject to a wide 

niniie of variation. See R. J. G|ad*tnne^ J. /Treiif. 64, i^a^u 
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with ihc oommon iliac veins by ibe uccrtdiEg lumbar veins, and wilh many df the 
tnbucLU-iea of the infen of vefiH cava. 

The bronciiial veins, usu-iUy two on e^ch side^ return the blood from the larger 
bronchi, and from the ftruclurui at the roots of the lung?. The bronchial veins of 
the right side open into the terminal part of the vena a^gos; those of the left side, 
into the left auperior intercostal vein or the superior hemiazygos vein. Some of the 
blood carried to the lungs through the bronchial arteries is returned to the heart 
through the pulmonarj^ veins. 


THE VEINS OF THE VTvRnTBRAL COLUMN (hgs. 768, 769) 

The Veins of the vertebral column form intrientc pScsuscs extending along the 
entire length of the column ; ih^ plexuses air divisible into two groupsp termed 
exiemsi and intcmalt Bccorduig to their posithms outside or inside the vcrlcbTul canaL 
The plexuses of the two groups anastomose freely with each other, and end in the 
inien'ertebral veins. 

The external vertebral venous plexuses, best lOiirked in the cer\'ical region, 
consist of anterior and poiterior plexuses, which anastdinoae freely with each other. 

Fic. 768.—A trsnsvene sccticn thmuBh a ihomcic vertebni^ showing the 
vri-icbral ^'enous pleiciiacs. 


afmtal 



The anterior ejcfemal pitxusei lie in front of the bodies of the vertebra?, communicate 
with the baet»vertebral and Interv'crtcbral velm, and reoeiv'e tiibiitariefi frem the 
vertebml bodies. The posterior exterrvil pttxut^r are placed on the poaterior surfaces 
of the lamina: and around the spinea and the transverse and arricukr processes. They 
anastomose with the internal vertebral vuoraia plexuses, and end in the vertebral, 
posterior intercostal and Lumbar veins. 

The internal vertebral venous plcxus4:s lie wichm the vrrtebnd canal betw'een 
the dura tnalcr and the vertebra, and receive tributaries rram the bones and from the 
spinal cord. They form n do^r neiwork than the eXEemal plexu^, and, running 
mainly in a vertieft! ditection, form four longitudinal veins, two in front and two 
behind ; thev therefore may be divided into imicrior and posterior groups. 1 he 
anterior rnternaipte^rhses consist nf larcc veins which lie on the pnaicriorsurfact^ of the 
vertebral bodies and mterv'ertcbml disesn on each side of the posieriot longitudinal 
ligament; under cover of thb ligament they are connected by minsrverse brsinchcs into 
which the basivertebral veins open. The pcjferior inirmat plejmrer are placed one on 
each side of the medkn ploPc in front of the vcrtebniJ atthes and ligomenta flava, and 
anaatcftiosc, by vdtis passing through those ligaments, with the posterior rKtemail 
plexuses. 

The anterior and posterior internal plexuses communicate freely with one another 
by a aeries of venous rin^, one opposite each vertebra. Around the foramen magnum 
they form an intricate network^ wiuch opens into the vertebral ^"eins and U connected 
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ibovc with the ocxipitsl snd sigmoid sinuses, the basilar plexus^ und with the anterior 
and posterior condylar emissary veins. ^ 

The b*aivertebral veins emerge from the foramina on the poster!^ surmces or 
the vertebnil bodies. They are contained in lange, tottuoua chaiineja in the sut^cance 
of the bonen, Rimitaj In every respect to those found in the dipJot of the traru^ t>one§. 
They communicate with the anterior ejstemal vertebral plexuses throui^_ small 
openings on the fmftt and aides of the bodies of the vertebm:. and convey behind to 
form single (.-Hjinetime* double)! veins, which open by valved onjfices into the ^ijsverse 
branches uniting the anierior iniemal vertebral pltacuses. Fhe basivertebral veins 
become enlarged in advanced age. l . ^ . . 

Ilic intervenobral veins accompany the spirud nervM through the ime rvcnebral 
foramina "j they receive veins from, the spinal cordi. drain the intemal and external 
verTehral plesuaes and end in the vertebcah posterior ititercostal lumbar and lateral 
sacral veinSj their prifices being provided with valves. 


Fic. —A fnediim ugiital MCtiqn through twp thoracic vcrtthnen ■howing the 

vettebial venous plexuser- 





The veins of the spinal cord arc situated in the pla mater and form a tortuous 
t^cBous plexus in thb tnembrane. In this plexus there arc l {a) two tiicdiaj:i Joiiigi+ 
tudinal veins, one in front of the antcrioi: medlim hsaurc+ and the other behind the 
posterior median septum of the spinal cord ; and ( 5 ) two anteiolatc ral and two poRtcro- 
lateral longitudinal vems, which tun behind the ventral and the dorsal nerve-roots 
rrapectivcly^ They communicate with the InU'rfiai vertebral venous plemscR, and 
with the intervertebral veins. Near the base of the skull they unite to form two or 
threexmall trimJes, which communicate with the ttsttcbrel t^inSt and end in the inferior 
cerebellar veins, or in the inferior petrosal sinuses. 


THE VEINS OF THE LOWER LIMB, ABDOMEN AND PELVIS 

The veins of the lower limb are subdivided, Like tho»e of the upper limb, into 
two sets, ^perjiciiil and dfrp: the superficial veins are placed Lfruned lately under the 
dem in the superficial fascia; the deep vems accompany the arteries. Both sets are 
provided with valvf3s, which are more numerous in the deep than in the superficial 
veins. Valves are mote plentiful in the veins of the lower than in those of the upper 
lirnb. 


Tli£ Slterficial V^l^■s OF TUF LiMB {figs. 770* 77 r) 

The superficial veins of the lower limb arc the great and small {long and short) 
saphenous veins and their iributaries. 

The dorsal digital vtins receive, in the clefts between the toes, communications 
from the plantar digital veins, and then join to form dorsal metatarml veins, which 
unite across the distal ends of the metatarsal bones in a dorsal venom arch. Proximal 
to this arch there is an irregular dorsal venous netviork, which receives tributaries 
from the deep veins and is contiiuious with the venous netivork on the front of the 
leg* Ai die sides of die foot this network communicates with a medial and a la feral 
marginal trrfl, iMth of which are formed mainly by the union of veins from the 
superficial parts of the sole of the foot. 
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In the sflie of the foot the aupcrBoial veins form a plantar rutaneaus vennuf archf 
which extends across the roots of the toes and opens at the sides of the fool into the 
medial and lateral marginal veins. Pmsimal to- this arch there is a piantar cutaneom 
venous rieft£^rk, which is specially dense in the fat beneath the heel [ this network 
communicates with the plantar cutaneous venous arch and iih the deep veins, but 
is chiefly drained into the medial and lateral marginal veins. 

'ITie'grcat {long) saphenous vein (fig. 770), the longest vein in the body, begins 
in the medial marginal vein of the foot, and ends in the femoral vein about ^ cm. 
below the inguinal ligament. It ascends in front ef the libial rnalEeolirs and runs up- 
vvardi^H crossing the medial surface nf ihc tibia ab|Jt|uely to gain itjj medial border, 
akmg which it ascends to the knee. It ntni upwards on the posterior parts of the 
medial condyles of the tibia and femur and along the medial side of the thigh 
and^ passing through the saphenous opening {p. 656), ends in the femoral vein. 
In tfie thigh it is accompani^ by some branches of the medial femi^ra] cutaneous 
nervT, at the knee by the saphenous branch of the descending genicular artery, 
and in the leg and foot by the saphenous nerve, which Is placed in front of 
the vein. The great saphenous vein is often duplicated, especially below the knee. 
'I'hc valves in it number from ten to twenty and are more numerDus bi the leg 
than in the thigh. 

Tributaries^—^At the ankle it reccivea veins from the sole of the fix^t through the 
medial niarfdnal %'ein i in the leg it communicates freely with the small saphenous 
vein and wuth the iJitenor and posterior tibial veins, and receives many cutaneous 
veins ; in the thigh it receives numerous tributaries; those from the medial and 
pudEerior parts of the tliigh frequently unite to fomi a large accessory saphenous vein, 
which joins the main vein at a variable level. Near the saphenous opening (hg. 770) 
it It jotned by The supcrridal epignsTric. superficial droumilex iliac and extemfll 
pudendal veins- Yhc supcriidal epigastric and Huperhefnl circumflest iltse veins drain 
the lower part of the ubdomiual wall, the latter vein, also receiving iributeLries from the 
upper and lateral parts of the thigh ; tlte external pudendal wins drain part of the 
scrotum and one is joined by the superhcial dorsal vein of the penk. 

A veinn named tlic ikoracit-eptf^astric^ runs along the anterolateral w-all of the trunk* 
connecting the superfieiiil epigastric vi'in, or the femoral vein, with the lateral thorack 
veins and establishing o ccmununicaEiDn bettvecn the Femonil and axillary veins. l"he 
importance of this communication lies in the fact that it serves os □ cnnoECting ciiannel 
beEW'eco the superior end the inferior vena cas-al fields of drainage. 

The a mail (short) saphenous vem (hg. 771 ) begins behind the lateral rrmllcolus 
as a continuation of the lateral marginal vein of the fool ; it fir^t ascends on the lateral 
border of the tendo calcaneus, and then along the middle o-f the back of the leg. It 
perforates the deep fascia in the louder part of the popliteal fossa, and ends in the 
pophted vein from 3 to 7-5 cm. above the level of the knee-joint. It communicates 
with the deep veins nn the dorsum of the foot, receives numerous tributaries from 
the back of the leg, and sends several branehee upwards and medially to join the 
great saphenous vein. In the leg it i& in close relation with the sural nd^-e. 'Fhe 
small saphenous vein possesses from seven to thirteen valves, one of which is found 
near its termination in the popliteal vein. 

The mode of ending of the small saphenous vein ia subject tn eonsidemblc varia¬ 
tions. It may join the great saphenous vein in the upper ooe-tliird of the thigh, or may 
divide into tw'o branches, one of which joins the gtest saphenous vein, the other tlie 
popliteal vein or die deep posterior veins of the thigh ; occasionally k crLds^ I'iclow the 
level of the knee-joint, in the great saphenous ^-ein or tn the deep muscular veins of 
the calf.* 

Surface 'I'hc superficial veins arc usually visible in the leg and foot, but 

not in The tlugh b^ause of the amount <if fat in which they are embedded. The 
saphenous opening lie^ 4 cm. below and luierai to the pubic tubercle and the upper part 
of the siiphenous vein may be represented by a line from here to the adductor 
tubercle. 

Appticii Anatomy. —A x'aricose condition is more frequently met with in the 
^phenous veins than in the other veins of the body^ except perhaps the tentiojlar and 
rectal veins. Despite the fact that the normal histoLogt’ of the vein w^k and their 
valves is not altered, dilaraijon may take place rendering the valves incompetent. This 


* C, Kosinski, /Vr?f. Ami^ ShJC., 47, 10^5. 
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lA true e^pt^inlly of tlie Inip^rrimE ciariirriu.iii4;3tiniir v^rin.^ nhich conriESct ihu utipL^tfitiJttl 
jnd rht dixp passing rhrough the deep faftdq. Since the emptj’ing cif the 

supcrfkiill veirur depends nn the vhIvuIut conipetenoe of these tucnmynicniing 
Vein*, (hey appear io hold the key lo understjriding the cause of priniflr\' earicoftr 
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The dtep v^lns of titc lower cxiTemity 
2™)mpaiiy the arteries and their branches ; 
they possiks niLmcrou 3 valves* 

'rbc plaaiar di^inl veim arise from 
plexuses on the plantar surfaces of the 
digitSp andf after sending cotnmunicationa 
lo join the dorsal digital veii^ unite to 
form four plantar metalcirsaf fjihis i these 
run backwards in tlie metatarsal: spaces* 
communiouc, by means of perforadng 
veins, with the veins on the dorsum of the 
foot* and unite to form dte plantar 
vf noas arth, which lies aJonf^idc the plantar 
arterial arch. From thedeep plantarvcnouB 
arch the mediai and latrrat pimtat rn'wj 
run backwards close to the rorre^ponding 
arteries and, after communicating with the 
great and small saphenous vcins^ unite be¬ 
hind the medial maticolus to form the 
posterior tiblal vems. 

The posterior tibiaJ veins accompany 
the posterior tibial artery^ and are joined 
by the prroTieal vrirts* 

The anterior tibial veins are the up¬ 
ward eontinuadonB of the vense comitantes 
of the dDrsalis pedis artery. They leave 
the front of the leg by passing between the 
tibia and hhuJa, thmugh the upper pan of 
the interosseous membrane of the leg, and 
iirutc with the posterior tibial v^ina ta form 
the paplileal vrin. 

Tlic fwplitca] vein, formed by the Junc¬ 
tion of the anterior and posterior tibiaJ 
veins at the louder border of the Popliteus^ 
uAcenda through the popliteal fossa to the 
aperture in the Adductor magnus vi*herc it 
becomes the femoral vein. In the low^cr 
part of its couioe it is medial to the 
popliteal art^ : benveen the heads of the 
Castracnemius It is superficial to it; above 
the knee-joint it is posterolateral to it. fts 
tributaries arc the small saphenous vein 
and the veins corresponding to the 
branches of the popliteal artery* There 
arc usually four vaivea in the popliteal vein* 
The femoral vein accoiTipanics the femoral artery* beginning at the opening 
in the Adductor magnus, os the continuation of the popliteal vein, and ending at the 
level of the inguinal ligament, by becoming the external ihae vein. In the lower 
part of the adtluctor canal it is posterolateral to the femoral artery ; in the upper 
part of the canal, and in the lower part of the femoral triangle* it is behind the artcn% 
At the base of the femoral triangle it is medial to the artery (figs. 717* 740); here 
it occupies the middle compartrnen t of the femoral sheath, and ii plac^ between the 
femoral artery' and the femoral canaL the fatty tissue in the latter allowing con- 
aidcrabte expansion of tJie vein* It receives numerous muscular tributaries, and 
about 4 tm below Uie inguinal ligamciit is joined posteriorly hy the vena profunda 



Jlarpol 

^ifh 



THE \T:INS OF THE ABDOMEN AND PELVIS 


771.—^I'he ¥ma]\ ia|>hcrnoui 
vein. 


P^piUail W 4 J* 


S67 

fcTHorii^p and a ihiic high-er hy tke grriii saphemf^u^t virin^ whidi ^tcr^ itit anterior 
aspect. In additian^ it usually rccffJves the latent] and media] circumflex 
femoral veina. A vatve^ which may be aingte of dokible^ is pJaced at the upper 
end of the femoral vein, and another ts usually 
present above the opening of its profunda Fio. 
femoris tributary. 

The vem prflfnjida/rmoris usually lies anterior 
to the profunda femoris arten’; it receives tribu¬ 
taries corresponding to ihc muacular and per¬ 
forating branches of ihat artciy% and through 
these establishes communicadon* with the pop¬ 
liteal vein below and the inferior gluteal vein 
above- It someliinea receives the medial and 
lateral circutnfleK femoral veins. 


Tub Veins of tiif Asuoaulm and Pelvis 
(iifjs. -aa. 77a) 

'I'he Mtema! itiuc vein^ the upw^ard coii- 
tinuation of the femoral vein* begins behind 
the ingumal ligament^ and ascends alon^r the 
brim of the lesser pelvia^ to a point opposite the 
^cTo-diac joitii, where it unites with tfie intemat 
iliac vein lo form die common ihec vein. On 
the right sidc^ it lies at first medial to the artery; 
but^ as it passes upwards, gradually inclines 
lurhind it. On the left side< it lies altogether 
on the medial side of the artery. On its mcxlial 
aspect, it is cfussed by the ureter and the iniemol 
ILiac artery^; elscw^hcnc it is covered with peri- 
teneum. In the male it is crossed by the ductus 
deferens and in the female by the round ligament 
of the Uterus and tlic ovarian vessels^ Laterally 
it is related to the Psoas major niusdc, except 
where the external iliac arteiy intcrv'cnes, [t 
frequently contains one,, sometimes tivo, va]v«. 

THbutaries.—It receives the inferior Epi¬ 
gastric, deep circumflex iliac end pubic vcinSr 

^I’hc inferior epigastric vein is formed by the 
umon of the venx coniiumtcs of the inferior epb 
gastric arterj^, which communicale above wiih the 
superior epigutric vein ; it joins the extemjiJ iliac 
vein about 1 ctOr above the inguinal ligament, 

'Phe deep circumitex iliw vein h formed by 
the union of the vert® conJianres of the deep cir¬ 
cumflex like iLttcry^^ and joins the external iliac 
x-ein about a cm. above she inguinal Eigoment 
after crowing in from of the external iliac artery. 

The pubic vein, which conneett the cxtemiil 
ihac with the obTumtnr vein in the obturator 
foramen, ascends on the pelvic surface of the pubis alongside the pubic branch 
of the Jtifefior epigutric artery. It k frequently enlarged and rcphices the tiarmol 
obturator vein. 



'ITic intenud iliac vein begins near the upper part of the greater sciatic fom- 
men, aactnds behind and slightly mi^ial to the internal iliac artery', and, at the brim 
of the pelvis, joins with the external iliac vein to form the common ilincr vciii* It lies 
in front of the iowtt part of the sauro-dlac joint and is esovered with peritoneum on 
its anteromedial aspect. 

TrihutarWith the exception of the inoliimbar vem^ which usually joins 
the common iliac vem, the tributaries of the internal iliac vein correspond with the 
branches of the intcmiiJ iliac arteiy. It receives (fi) the gluteal, internal pudendal. 
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Bjid obturaior v-iiins, whtirh have tkclr origins ouc^td^ the pelvis ; (fr) ^e lateral 
sacrul veins, which Ue in front of the sacrum ; acid (c) the middle rectal, the vesical^ 
uterine, and vaginal veins^ which originate in venous plexuses connected with the 
pelvic viaccra. 

I. The superior glutewi veins arc the venae oomitantea of the superior gjuieal 
artery t they receive tributaries frnm the buttock corresponding with the blanches of 
the artery, enter the pehb through the greater sdaiic fonunen, above the Piriformis, 
and end in tlie internal ihac vein ; they frequently unite to form a airigk trunk before 

ending in this vein. .... 

а. The inferior gluteal veins art the vens; comatantea of the inferior gluteal 
artery ; they begin on the upper part of the back of the thigh, where they anastomo^ 
with the m^ial circumflei femoral and first perforating veins j they enter the pelvis 
through the bwer part of the greater sdatic for^en and join to form a stem which 
opens inro the lower part of the internal iliac vein. 

3, The internal pudendal veirui am the verts comirantes of the internal pudendal 
srtctv. They begin Ln the ptostaiic venous pL&ru$ (li-tVe inf mi, accompany the inrcmiil 
pudendal artery', and unite to form a single vesset, which ends in the inicmaJ iUk %'ein. 
They receive the veins from the bulb of the penis, and rhe scrotiil or labial and inferior 
rectal veins* The deep dorsal vein of the penis communicates with the inte!mal 
pudendal veins, but ends mainly in the prostatic ple*us_ 

4, l*he obturator vein begins in die upper portion of the adduotor region of the 
thigh, and enters the pelv-ia through the upper part of the obturator foramen. It mns 
backwards and upwutds on the lateral wall of the pel™ below the obturator artery and 
lateral to the peritoneum ? it ^sses between the ureter and the interns] iliac arte 
and ends in tljc Internal Iliac vein, ^iroetimes it is replaced by an enlarged pubk vein, 
w hich joins the external iliac vein. 

5, The lateral $acral veins accompany the lateral sAcral artenea, 

б. The middle rectal vein varies in si^c ; it begins in tin? rectal venous plexus, 
and mceivea tributaries from the bladder, prostate and scrninal vncsidc i it rung laterally 
on the pelvic surface of the Levator ani and ends Ln the internal iliac vein. 

The rectal venous plexus surrounds the rectum, and communioites in front 
with the vesical pksus in the male^ and the uterovaginal plexua in the femaie. It 
consista of two partfi^ m intfmal in the submucoaa, and an rxlfmal outside the ntua- 
cular coal of the rectum and anal canal. The Internal plexus paints a scries of 
dilated pouches^ connected by transverse bninehcs^ which are arranged in a drclc 
around the rube, immediately above the anal orifice. It drains mainly into the 
superior rectal vem but communicates freely w ith the external plexus. The tower 
pan of the external plexus is drained by the inferior rectal veins into the internal 
pudendal vein ; the middle part by the middle rectal vein into the internal Iliac vein ; 
and the upper part by the superior rectal vein* which forms the commencement of the 
inferior mesenteric vein, a tributaiy of the portal vein. A free communication be¬ 
tween the portal and systemic venous systems is established through the rectal pkxtiB. 

Applirti —The veins of the rectal plexvis are apt to become dilated and 

varicose, and form piles, ITiis is due to scvTral anatomical reasons ; the ^^esoels are 
contained in very loose connecrivc tissue, so that they get less support from surround¬ 
ing atTuctur« tlmn most other veins, and arc less napabtc of rcaiating increased blood- 
pr^ura ; the condition Js favoured by die fact that the superior rectal and portal veins 
have no valves ; the veins pass through rnascular tissue and arc liable to be compressed 
by its contraction. espcciaUy during the act of defalcation ^ they are affected by every 
form of portnl obstruction. 

The prostattc venous plexus lira behind the InferioT pubic ligament and 
the lower part of the symphysis pubis, and in front of the bladder and pmatatc 
(figs* 77Z to 774). Its chief irihutar)' is the deep dorsal vein of the penis, but it 
also receives tributaries from the front of the bkddcr and prostate. It com- 
municateft with the vesical ptexua and with the internal pudendal vein, and drains 
into the vesical and Internal iliac veins. Tlie librous tissue in which the veins of 
the plexus arc embedded constitutes the lateral pan of the fascia] sheath of the 
proatatc. 

The vesical plexus envelops tile lower part of the bladder atid^ in the tnalcp the 

• ConiuU olflo W. Gabriel, Ftinriplti qW of fitcUt} }[. K. Lewij, 

l^ondon, [ 045 ^ 
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ba^c of the proiState. It communicates with the pmstatlc plexus in the tnale^ and 
with the va^nat plexus in the female. It is drained, by means of several v'esical 
veiiis which usually form a single trunlc before cmering the internal iliac vein* 

The dorsal veins of the penis are two in number^ a superhcial and s deep: 
The suprrjidul ti0nal van drains the prepuce and skin of the penis, and, running 


Ftc^ 7 ^ 2 .—The veiiii of ihe right half of the rrmle pelvis. (Spdliehok.) 
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backwards in the subcutaneaus tissue, indines to the right or left, and opens into 
we corresponding external pudendal vein, a tributarj' of the great saphenotts vein. 
The detp dorsal vein lies within the ftbrous envelope of the penis; it receives blood 
froiTi the glans penis and corpora cavemosa penis, and courses backwards in the 
median plane bettveen the dorsal arteries; near the root of the penis it passes 
wtween the two parts of the suspensorv' ligament and then through an aperture 
Mtween the inferior pubic ligument and the anterior margin of the perineal mem-' 
brane, and divides into two branches, which enter the prostatic plexus after com¬ 
municating below the symphysis pubis with the internal pudendal veins. The 
dorsal vein of the rh'torTr, after a similar course to that of the deep doisal vein of the 
petiis, ends in the vesical plexus. 

rhe uterine plexuses He alon^ the aides and superior angles of the uterus be¬ 
tween the two layers of the broad hgament, and communicate with the ovarian and 
vaginal plexuses. They are drained by n pair of uterine veins on each side; these 
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«w from the tower parts of the plexus^ opposite the external os of the uterus, and 
open mto the cnrreftpondinjj internal Uiac vein- 

The vaginal pKeitmes are placed at the aide* of the vagina { thev comn^uniciite 


Fig. 77 J 


abhqyc section of the peivi* and periotum ™dc b the 
plane ihovi'n 'm Fig. 774 . (A^[er C, Ellioi amtth-) 
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with the uterine* viescal ana recdU plexusesp and are drained by the vagtnd veins, 
one on each side, into the bicmal Uiii:c veins. . , s 1 . 

The comnaoii lUnc veins (fig^ 77:2) are formed by tlw union of me esters and 
interna] iliac veins, in front of aacto-iliac joint j passing obliquriy upwards they 


Fig. 774 x-^A medim mgEttsl icctkio of the male pel™ to show the 
plane of the lectiofi in Fig. 773 s 



end on the right side of the fifth tumbar vertebra by uniting with each other at an 
iculc sfifile to fom the inferior vena eava- The nghf eofnrtton i/fW twm, shorter than 
die left* is nearly vertical in its dirtrtion. and ascends behind, and ihen lateral to its 
arterv- The right obturaior nerve passes behind it obliquely, as it runs downwards 
and forwards to the obturator foramen. The hfi romiuo/i //iW longer and more 
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oblique than tht' right, is at first situated on tin: medial side ot it* artcr>^ and then 
l>chind the right common iliac artery* It ta crossed anicnofly by the root of the 
sigmoid mcsodsloii and the superror rectal vessels. In the rest of its courae \i is 
cmered with pcdloneiim. Eaeli common iliac vein receives the ilintiunhar* and 
^metimes the lateral sacral ^-eitis; the left vein receives the median sacral vein. 
There are no valves in these veins. 

The median sacral veins accompany the oorresponding artery along the front 
of the sacrum, and join to form a single vein^ whkh usually ends in the left common 
iliac vein^ but sometimes m the angle of junction of the two cornmon iliac veins. 

Petuliartti^.—Thc Icfr common iliBc veirip instead of joining wiih the right in iia 
tksual position* occasionally ag-cends nn the left side of the aorm ai high as the kidney, 
where, after receiving the kfr renal vein, it crrKAefl die aorta* and jolm the dfcht to 
form the ventt C^va. In such cases the flflomtlous vessel rcprciicnts the persistent can dal 
half of the posterior cardinal or of the supracurtUnal vein of the left side (p. 176), 

The inferior vena cava (figs, 722, 772) convm the blood from the parts below 
the Diaphragm to the right atrium of ihe heart. It is formed by the junciiun of the 
two common iliac veinSp in front of the body of the fifth lumbar vertebra, a Uttle to 
the right of the median plane. Ii ascends in front of the vertebral column, on the 
right side of the aorta, and. having reached the liver, contained in a deep groove on 
its posterior surface—=3 groove which is occaatonally converted into a tunnd by a 
band of liver substance. It then perforates the Diaphmgnri bertveen the median and 
ri ght portions of its tend inous cen tre, inclining slightly forwards and medially. After 
piercing the fibrous pericardium, it passw behind the serous pericardium to open 
into the lowxr and posterior part of the right atrium. In front and to the left of its 
atrial orifice there is a semilunar valve, termed the the its/enor Teria earn; this 

Valve is rudsmenfar^^ in the adult, but is of large size and e^tercise* an important func¬ 
tion in the f<etus fp. -0^). The trunk of the infcriDr vena cava k dtwoid of valve*. 

Relation* of the abdoininal portion. —Anteriorly the inferior vena cava is 
overlapped 3t it* commencement bv the right common iliac artery and is coveredg. 
below the horizontal part of the duodenum, with ihe ptinterior pariclal pcriioneum. 
It i* crossed obliquclv by the root of the mesentety and its contained vessels, and by 
the right icsticutar artery and* sj^metimcs,, transversely by the right colic artery. 
Passing behind the inferior part of the duodenum, it loses its pcriiuneal coh ering and 
ascends behind the head of the pancreas and then behind the superior part of the 
duodenum, from which ii kscparaled by the bile duct and the portal ^'^n. Above 
the duodenum Ills again covered for a short distance with peritoneum and lie^ in the 
pmsteriur wall of the epiploic foramen (adllu* to the fesscrsac) (figs, l ifiS and ri7o)* 
by which it is separated from the right free border of the leaser omentum and its 
eantents. Above this level tt is covered by the liver. 

PojrertVjr/vi in its lowcf part* the mfcriof vena eava lies on the bodies of the lower 
three lumbar vertebra ami the anterior longitudinal ligament, the right Psoas 
major and the right sympathetic trunk, while the third and fourth right Lumbar 
arteries pass deep to its medial border- In its upper part, it lies on the right crus of 
the Diaphragm^ from which it is partially separated by the medial part of the right 
Suprarenal gland and the right ctrliae ganglion^ and the right renal, suprarenal and 
phremc arteries, which cross behind it. 

On its ri^ht side the inferior vena cava is related to the right ureter—w ith which, 
however, tt is not in iminediatc contact—the descending part of the duCMdcnum* 
the medial border of the right kidney and the right bbe of the liver, 

On its left side it is related to the aorta, below, and to the right crus of the 
Diaphragm and the caudate lobe of the liver above. 

Rclaiions of the ihomcic portion.—This part of the inferior vena cava Is verv' 
short, and is situated partly inside and partly outside the pericardial sac. The extra- 
pericardial pari is separated from the right pleura and Jung by the right phrenic 
nerve. The mtraperktirdtai part is covered on the front and sides by the serous 
layer of the pericardium. 

Surfaee Aaatom\%—n^i^ vein begins on* or ju^t below, the mtertubcrculur plane 
and Its ecntnc lies x's em. fnwn the medion pkne. 2 5 cm- idc, it ends above behind 
the Rtemal end of the sixth right costal cartilaKe. A line d^wti front tu low*r end nia 
point I cm. medial to the mid-point between the anterior superior ilinc spine and the 
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«^p]iys33 pubit the course of the mm/mn and rxitnitji ifiac virim on eoch 

side. The line ihould have a eqnvcxir^^ klcrally, the curvature being grcsier on 
th* left side+ 

PitulitmtiMi —NtimcroUi an<ifmfllie5 of the iiirerior vena envat have hem recorded 
and arc attributable to urresta or error* iis the coitiplkratcd sc lie* sieve] upmental 
chimges v^'hieh te^uJt in ita foimation. Tlie vessel is sometimes represenied,* below the 
level of the renal veins^ by two, mote or lesa sjTiiinctrieal vein*, llie eondition is often 
associated with failure c;f the cross Anastomosis connecting the two eommnn iliac 
and is due to persiatjenoe on the kfi side of the body of one of the longitudinal ebanneb 
(usually supni- or Aubcardmal) which normally disappear in e^Jy ftetaj Ufc (p, 176), 
in complete transposition of tbe viscera, ttie infenor vena cava lies to thi: left aide of the 
■qrta. 

Applied —'Thrombnais of the inferior vena cuva is much less enmmon 

than ihrotnbasis tif rhe auperiur vertn cava. It u?uiilly causes sdema of the legs 
■nd back, without ascites ; if the renal vein* arc involvcdi blood and albutuiii will ofti^n 
appear in the Urine. An extensive collateral venous circulation is soon established by 
eniarpfement etther of the supetbeial at of the deep veins, or of both. In the ^rat case 
the epigastric, the circumflex iliac, the lateral thomdci thomco-cpigastric (p. ftfjg), the 
intcmal thoracic, ihc postertur inlcrcoamli, she exfemai pudendal and the lumbu- 
vcrtebral qnostotnatic veins effect the communicatiDn with the superior vena cava % in 
thtf second, ihi? deep an^iomosis is made by the nxygos and hcmiaicygQs and the 
Imiibar vciivF^* 

Tributaries^ — In addition to the two common ihgte veins the inferior vena 
receives the following veins; 

Lumbar. RcnaL Plircnic. 

Right lesticuhr or ovarian. Right suprarenal. Hepatic, 

The lumbar veins, four in number on each side, collect the blood by dorsal 
tributaries from the muscles and skin of the lolqi, and by abdominal tributaries fnwn 
the walls of the Abdomen, W'herc they commimicate with ilic epigastric veing. At the 
vertebral column they receive veins from the vertebral plexusea, and they ate con¬ 
nected With one another in this situaTmn by the mctmliitKi luiab^r t-riw—a Lmgitudbul 
vessel placed in front of the roots of the transverwr procesMS of the lumbar vertebne, 
'rhe ifti/d andjfiurik iumlHir tWnj pass for^vsrds on tijc aides of the bodies of the cor¬ 
responding sencbrEc and enter the posterior aspect of the inferior vena cavn. *rhose 
of the leftside pass behind the abdominal Borta and ure longer than tht^ nf the right 
side. The fint and lumhar veim may end in the inferior vena cava or they may 

end in the ascending lumbar or lumbar azygos veins. As a rule, the first lumha^r vein 
docs not pos5 directly into the inferior vena cavo,^ It mey turn downwards to jEjin the 
Second end so open into it indirectlyp but more frequently St tmds m the ascending 
lumbar vein or passes fonvords over rhe side of the hexly of the first himbar vertebra 
and lerminan^s in the iLLmbor vein fp, S60). The second lumbar vein may jE>Ln 

the inferior vena coia at or below the level of the Tend vt^ins. Sometimes it joins the 
third Itimbiir vein or ir may lerminafc in the ascending lunthar vein. 'i*he firar pnd 
second lumbiir veins arc frequently connected to each other, to the vesscb of ihe 
pppssiie side^ and to the fight and left lumbar azygos veins by a plexjfornk net^vork 
which lies on the bodies of khe upper lumbEir vertehru:. 

The dtrcndiHg Inndvit tMtt is a longitudinal vessel w^hich ecmnccts die common diacK 
iliolumbar and lumbar veins, ft is placed deeply umler cover uf the Paoas major and 
in front pf the rocjts nf the transverse pnxtssrS of the lumbar vertebne. At its tipjXkr 
end it joins the subcostal vein, and the trunk so formed nims forwards over the aide 
of the body of rhe twelfth EhoTiicie Vertebra and, piissing deep to the crus ckf the 
piaphragm, naecnds tn rhe thorax as the axygus vein, on the right aide, and as the 
inferiot hemiazygos vein, on the left side, 'There is an angled bend on the vessel aa it 
turns upwards, and it is usually joined at tins poinl by a Bmal] vessel which springs 
fmm the back of ihe inferior vena caA-a for from the left lenal vein, on the left sideK 
This little vessel represents the azygos line (p, and haa already been deBcribed 
as the iumhar rruj. Not infrequently the ascending lumbar \'ein ends in the 

fii*T lumbar vein* which then turns forwiirdaover the side of the first lumboir vertebra 
in company with the first himbar artery' and Jnina the 1 mii ba r azy^sswi vein. 1 n th is cri&c 
the aubcoHUil vein joins the azygos vein (inferior hemiazygi^s vein, un the left side). 

The lesticular veim (fig. 722) enterge from the back of the testis, and receive 
tributaries from the epididymis ; they unite and form a convoluted ple.vus, called 

* G. Ellumctip in Osicf and McCr^lc*A e/ .Mrdif.ifif, IjOmJoo, looS, viiL iv_ 
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the pnmpini/ufm pifxia, whscli mnstitutt^ tlie diief maisfi of the spermatic cord and 
^ocjids along the cord, in from of the ductus deferens. Below the supeiiicLaJ Lngtiinal 
ring the veins of the plexus unite to form three or four veins, ivhich pass along the 
inguinal canal, and, entering the abdomen through the deep inguinal ring, coalesce 
to form two vcins^ which run upwards in front of the Psoas major and the uneter* 
behind the peritoneum, lying one on cadi side of the testicular artery- 'rh«e two 
veins join to form a single vcssd+ wdiich on tiic right side opens Into die mferior vena 
cavil at ail acute angle a little below the level of the renal veins x on the left side it 
opens into the left tenaJ vein at a right angle. The testicular veins are provided 
with valves,* The left vein passes L^hind the lower part of the descending colon 
and the lower margin of the pancreas and is crossed by the left colic vessels ; the 
right passes behind the terminal part of the ileum and the third part of the duodenum 
and is crossed by the root of the mc 3 eniery\ the ileocolic and the right colic veasels* 

Appiird Anatomy- The testicular veins arc very frequently virlcose, ronstituring 
the eondllion known bs Varicocele alrnost in\mriBbty occurs on the left side„ 

and this has been sccounled for by the fact that the left testicular vein joins the left 
retusl at a riifhi angle ; also it is overlaid by the lower part of the descending colon, and 
when this portif>n of the gut is full of farcal matter, in cases of constipation, its weight 
impedes the return of the venous blood. 

After the remos^J of a varicocele the venous return is auhsequcntly carried out by 
the small veins of the duetua deferens^ of the Crcmiisler and those connecting with 
the sctoial tissues^ 

'I^hc ovarian veins In the female correspond with the testicular veins in the 
male i each forniji a plexus between the layers of the broad ligament near the ovary 
and uterine tube, and comnounicates w-ith the uterine plexu:9+ Two veins issue from 
this plexus and ascend across the external tltae artery, one lying on each side nf the 
ovarian artery. Their further course and their mode of termination art the same os 
those of the testicular veins. Valves arc occasionally found in the ovurian veins. 
Like the uterine vetnSp they become much enbiigcd during pregnancy. 

The renal veins^ which arc of lat^c ske, are placed in front of the renal arteries, 
and they open into the inferior vena cava almost at right angles. The If/t is thrice 
the Icn^h of the right (7-5 cm. to 2-5 ctn.)+ and crosses the posterior abdomina] 
wall, lying behind the splenic vein and the lK>dy of the pancreas. Near its icrmina- 
tioFi it pusses in front of the aorta, just below the origin of the superior nicsenEerie 
artery* The left testicular (or ovarian) vein enters k from bebw^ and the left supra¬ 
renal vein, which geuerolly receives one of the left phrenic veins, enters its upper 
border a little nearer the median plane* The left rcnal vein opens into the inferior 
vena csva at a slightly higher level than the right. The ri^ht nnai vein lies behind 
the deluding part of the duodenum and, sometimes, the lateral part of the posterior 
aspect of ihc head of the pancreas* 

Occasionally tht left renal vein may be duplicated^ and in xhese caises one vein 
passes behind the aorta to Join the inferior vci^a cava—persistence of the renal eolbtr 
<p, 177)—or the jinicrior sxssci may be entirely absent. Ttic latter condition rep re- 
Bents persistence of the posierjor limb of the nriml collsr combined with of the 

intcrsubcardlnnl anastomosis. 

The suprarenal vetiu arc tw^o in number^ one issuing from the hilu? of eatih 
suprarenal gland. The right vein is very short and passes diTvedy into the posterior 
^pect of the inffirioT vena cava ; the left runs downwards and tnedislly^ tn front of or 
just lateral m the left corliac gangliufi, and passes behind the body of the pancreax to 
end in the left renal vein. 

The phrenic veins follow tJic course of the corresponding Arteries on the Dia- 
phragm I the right ends in the inferior vena cava ; the left is often reprcMntcd by two 
branches, one of whiEih ends in ihe left rcnat or supratenal vein, while the other passe* 
in front of ihc cesophogeal opening in the Diiaphragm and joins the inferior vena cava. 

The hepatic vcimi drain the liver, and commence In the lUtrtf/oAii/iJr trmj* 
which receive the blood from the sinusoids of the liver lobules. The inttaJobular 

■ kiviriKton pointed out that ^'Alvta arc mually found at ths orifiOM of both the riijht 
BJtd left t»riinjlax veifift. V^Tierit however, mKu* Kt HOI found tat the opening of Uie left 
teidcukr vein into the left renal vein, thty ire gerLtrallv present in the left rtrLsI vein within 
6 mm, from the orihee of the testicular vein .—ytrUrmil of j4naiomy aitd Phytioio^yf, vpj, vii, 
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veins open into the tidiffdfular vam, and these in turn unite tw font! the hepatic 
veSnSt which open into tl^e inferior A^cna cava aa it lie^ in tlie groove on tJie posterior 
surface of the liver, 'rhe hepatie veins are arranged in two groups^ upper and 
loivcr. The ufipfT group usua^lly c^onsists of three large veins, right, (eft and middle^ 
the Imi emerging from the caudate lobe j those of the group vary in nnmlier ; 
they are of small sijje ind come from the right and caudate lohts. The hepatic veins 
are in direct contact with the hepatic tissue and are destitute of valves. 

Tne Pqktm. System of (fig. 775) 

The portal syscem includes all the veins which drain the blocKl from the 
abilominal part of the digestive tube {with the occeptiuli of the lower part of the 
rectum and anal canal) and ffoin the spleen, pancreas, and gall-bladder, From these 
viscera the biwjd h conveyed to the liver by the pttrlaf vein, fn the liver this vein 
ramifies like an artcr)" and ends in capiLlary-like vessels tem'ied sinusoids, from which 
the blood is conveyed to the inferior vena cava by the hepatic veins. The blood of 
the portal system therefore passes through two sets of minute vessels, viu. (u) ihe 
capitlaries of the digesrivc tube, spleen, p^tnereas, and gall-bladder; s^nd {b) the 
sinusoids of die liver* In the adult the portal vein and its tributaries are destitute of 
\-aJves ; tn the feetus and for a short time after birth valves can be deinonsirated in 
the mbutarics of the portal vein ; as a rule they atrophy and disappear, hut some¬ 
times dicy persist in a degenerate form. 

The portal vein (figit. 775, 77^^} is about S cm* long, and is forriied at the level 
of the second lumbar vertebra by the junction of the superi^u mesenteric and splenic 
veins, the union of these veins taking place in front of the inferior vena cava and 
behind the neck of the pancreas, U ftniy be separated from the Inferior vena cava 
hy the upper part of the head of the pancreas^ when that structure projects to the 
left. The vein inclines to the right as it passes upwards behind the superior part of 
the duodenum, the bile-duci and the gastroduodenal artery, md in fmnt of the 
inferior vena cava ; it then ascends in the right fcnjrdcr of the lesser omentum in front 
of ihr epiploic foramen (adiius to the lesser sac) to reach the right extremity of the 
porta he pads, where it divides into right and left branches, which accompany rbc 
corresponding branches of the hepatic artery into the substance tif the liver. In Oie 
lesser omentum it is placed behind the bile duet and the hepatic artcry\ tlie former 
lying to the right of ilie lancr; ii ut surrounded by the hepatic plexus of ner^'ts^ and 
is accompanied by numerous lymph vessels and Mmc lymphatic nodes. 'Fhe right 
hrntich of the portal vein enters the right lobe of the liver, but lx fore doing so gener¬ 
ally receives the c^^stic vein* The te/t hninvh, longer but of srnullcr calibre than the 
right, gives branches to the caudate and quadrate lobes and then enters die left lobe 
of the liver. As it does so, it is joined in front by the para-umhilicul veins (p. 87^) 
and by a libmu^ eoreJ, nBm(^d the ligumrniurN I’cref^ w hich represents the obliterated 
umbilical vein. It is cotinceted tu the inferior vena cava bv a second fibrous cord^ 
termed the iigamentum veoomm, w'hich ascends ui a hssure on the posterior aspect of 
the liver. 

Tlie iribiitancs of the portal vein are: 

t. Splenic, FCtght gastric^ 

i. Superior mesentericH Cystic. 

3. I*eft gastric. 6, rara-umbiheah 

1. The splenic VEin (fig, 775) ia of large size, but b not tonuous like the artery * 
j t commences by fi vc or six branches whi ch retum the blood from the spleen. 
unite to form^a single vessel, W'hich traverses the Itenorcnal ligament In company 
with the splenic ancry and the tail of the panercas. It then pa$iies to the right with i 
downw^ard mclination across the posterior abdciminaJ wall, lying at a lower level than 
the splenic artery^ and grooving the upper part of the posterior surface of the 
pancreas, to which u is closely coniiceied by numtrotta short iributarica from the 
gland. In ita course it crosses the anterior surface of the left kidnev and its bilus 
(or the lower puk of the left suprarenal gland), and it is separated' from the left 
sympathetic trunk and crus of die Diaphragm by the left renal vessels, and from the 
abdomma! aorta by the superior mesenteric artciX' and the left renal vein. It ends 
behind the neck of the pancreas where it imiits at a right angle with the superior 
meaentenc vein, to form the portal vein. 
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Tributaries.—It receives the sHert gastric vdiHp the left gastro-epiploic vcui^ 
the pancreatic veins, and the inferior mesentenc vtift 

(a) 'I'hc short gastric veins^ four or five in number, drain the fundus and left 
pan of the ^catcr cui^^aturc of the stomach, and pm between the two layers of the 
gastrosplcnic ligament to end in the splenic vdn or in one of its large tributaries. 


FjCf 77J,“Th^= pyf uJ vt*in and its trihutanH. Semi-duignirmtiAbCi 



The left gastro-cplptoic vein receives branches from both surfBces of the 
stomach and frotn llic greater omentum ; it runs from right to left along the greater 
cur\'ature of the stomach and ends in the cooimcncement of the spieflic vcin» 

(c) 'Fhe paticrcatic veins are several small vessels which drain the body and 
taU of the pancreas. 

(d) The Inferior mosenteHo vein (fig. 775) rctuma blood from the rectum, 
and from the sigmoid and descending parts of the colon. It begins in the rectum as 
the nperiar r^tal vein^ which has its origin in the rectal plexus (p. 368 ), and through 
this plexus coitimunicates w'ith the middle and inferior rectal veins. The superior 
rectal vein leaves the lesser pelvis, crosses the left common iliac vessels with the 
superior rectal arterv', and is continued upwards as the inferior mesenteric vein* 
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This vein lie* the left of itR irtcry and ascends behind the peritoneum and in 
front of the left Psoas major ; its eourac is usually cuiv'cd^ convex 10 the lefti and it 
may crf>S9 the testicular (or ovarian) vessels or lie to their medial side: it then 
passes abovCi or behind, the duodenojejunal flesure and opens into the splenic vein 
behind the body of the pancreas: sometimes it ends in the angle of union of the 
splenic and superior mesenteric veins. 

If a superior duodenal or a panduodcnal fossa be present, the inferior mcscfiteric 
vein usually lies heiwiren the layers of the fold of peritoneum which forms the 
interior waJJ of the fossa. 

Tributaries,—The infEriar mesenteric vein receives the st^n’iiCiid veins fmm the 
sigmoid cuion, and the left coEic vein from the descending colon and left colk llEueure. 

2. The superior mcsenicric vein (fig, 775) returns the blood from the small 
Intcstmcp from the CBecurOp and from the ascending and transverse portions of the 
colon. It begins in the right iliac fossa by the union of the %eins %vhich drain the 
termiital part of the drum, the oecum and vermiform appendix. It ascends between 
the two layers of the mcsenicry on the right aide of the superior meaenttric artery, 
and m its upward counsc passes in front of the right ureter, the inferior vena cava, 
the horizontal part of tlic duodenum, and the unrinate process of the head of the 
pancreas. BcMnd the neck of the pancreas it unites with the splenic vein to form 
the portal vein. 

Tributaries^—TJie superior mesenteric vein receives the veins whidi cor¬ 
respond to the hranchtsi of the superior mesenteric artery, vis, the jejunal, ded^ 
ilcocnlic, right colic, and middle colic veins ; it is also joined by the right gastro¬ 
epiploic and tlic pancreaticoduodenal veinSi 

The righi gasiro^pipLoJc vein receives bmuches from the greater omentum 
and from the lower part of the stomach ; it runs from left to right along the greater 
curvature of the stomacli+ between the anterior two layers of the greater omentum 
and joins the superior mesenteric vein below- the neck of the pancreas. 

The psiiicreatjcoduodenai veins accompany their corresponding arreries ; the 
lower one frequently joins die right gastro-epiploic vein ; the upper one usually 
posses upwards and to the left behind the bile duct and terminates in the portal vein. 

The left gastric vein dcri^^ tributaries from Itoth surfaces of the stomach ; 
it runs upwards along the lesser curvature of the stomach between the tw^o layers of 
the lusscf omentum^ to the ctsophageal opening of the stomach, where it receives 
some ccsophaged veins. Tt iheti turns bnt^wards and passes downwards and to the 
right Ivellind the omental bursa (lesser sac tif the perimneum)^ and ends in the 
portal vein at the upper ^Harder of the superil]r part of the duodenum. 

^ The right gastric vein^ of small size, nuis from left to right along the 
pvtoric portion of the lesser curvature of the stomach between the two laycra of the 
lewr omentumt and ends in the portal vein^ It Is joined by the prfpyionc vfin 
which ascends in front of the pylorus and tisuaJly mark? the site of the pyloric 

opeiuEig. 

5i The c)'sric vein drains the blcMjd from the gall-bladder ^ it accompanies the 
cyslic duett iud usually ends in the right branch of the portal vein. 

6. The pani’^umbilical veins, which establish an anastomoais between ihc 
veins of the anterior abdominal ivall and the portal %'frio* are found in the cour^ of 
the lignmcntiiin teres of the liver and of the median umbiheal ligaincnt (p- 1^77). 
The marked of these small vcina is one which l>[.^ns at the umbiltcus and runs 
backwards ond upw ards 1x1, or on the surface of, the ligamenium teres between the 
layers of the falciform ligaments to end tn the toft branch of the portal vein. 

Appltrd —Obstruction to the portal vein may pruiluce sitdtcs, w'bcthcr 

iht site of the dbstruclion ii (i) intra- or (a) rxmi-hcpatlc. (tab to cirrhosis of the 
liver, the radicles of ihc portal vein are compressed by ihc contraction of the fibrous 
(issue in the portal canals. fi6). In ^Dlvular disea.^ of die kenit backward pressure 
on the hepatic -reins and so on the whole eireulation through tlic liver must have a 
ftinhlnr effect, tn addition the portal vein may bt comprrs^ied by tumour? of die 
lirer, sueb si conurer or hydatid cysi, or by enlatgril l>Tnph nodes in the lesser omentum 
or ennrer of the head of the pancreas. Ira the ktter the obstmetidn is extra- 
Jiepatic. In ihcoe conditioni the prfijrUDSis os TCRards life itnd freedom from oocites 
may be much imp Wed by the estabhshmcni of a g<KKl cohateml cirtulutiun between 
the portnl and flyitemic veins, 'Vhi* in cffcelcd by eommunlcBtions between (a> the 
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gaslric veins* unJ ihe o^opbaf^cjil veins which ofien pmj*£t as a vancosc bctnch into 
the siimiadit em^ityin^ thcttviclvtai into the infenor hcmia^ygtM vein j (b) the veins 
of the colon *nd duodenum ^ and the left rctfiaJ vein : (f) the accessory portal system 
of Sappey* htanchta of which pps in the round nnd ralciro^ (particularly 

the latter) to unite with the epigastno and internal thoracic veins^ and through iht 
diaphrenfiTiBiic veins with the iizygo^ ; a siniflc large vein, termed a paTa-umhilictil 
vein, may pass from the hilua of the liv*r by the round ligafnctit la the umbilituSd 
producing there a bunch of prominent vsricose veins known as the ropHf ; (d) 

the veins of Retzius^ which cotiPcct the intestinBL veins with the inferior vena cava 

FjOh 776*—Pmwiiig of fl dissection to show the rekik»iu of the hepatic ertciy* bile 
duct and portal vein in the lesser ooicntam. 



and its retroperitoneal branches ■ (^) the superior, middle and infmor rectal; {/) 
very rarely the ductus venosus remains patent, affording a direct connczicn between 
the p4:)naJ vein and ihe inferior vena cava, 

Some flucL'csA has been achieved in ^sea of portal ahetnjction by anastomosis of 
the ported vein lo the inferior vena cava of of ifve splenic veiti to the left renftl Vein 
after removal of the splvcn,* 

Thrombosis of the porial vein is a very scrimis event, and h most often due to 
pathological prx^cessca causing comprrssfnn of the vessel or injury to its wall, such ui 
tumours or inflammation about die pylorus or hrad of the pancreas , or to gnlhstoneii Or 
cirrhosis of the Liven 


liiE LYMPflATIC SYSTBMf 

In mMt of the tissues of ihc body there exists a wide-meshed plexua of vcsseli 
which contain a clear^ colourless fluidn 'rhis fluid is termed fymph and it is 
po«ed, for the moat part, of blood plasma w’hich has transuded through the walls of 
the blood capUtarics into the minute tissue spaces and has there become ttiixcd with 
the tissue juice*. As the pressure iti these tissue spaces rises* the fluid which they 
conuin passes into a dosed system of vessels, lermcd lymph vtisek. These cventu- 

■ Alfred Blnlock, ChurchiLl J-ccture, .‘l/xnab 0/ S^r^rwy, laj. No. a. p. 120- 
t For ■ full Kcmint of the recent Work on ihv h'"iphfttic lystcani ihe reader is referred to 
'■ Lymphitiu, Lyiriph and tiyinphoid TiMOc,*^ C. K. Piirdter and > 1 . VofTtj^ //ofycird 
t/w-erriVy Mcrwffraph w .Vfmr'ftw and Phhfk ffealtk No. a. and f- M. Yoffey and t. C- 
Courciev. Jiifcffiij tdithn^ 1956. E*ubl. by Edward Amold fPubiiihe rs) Ltd.* Ijondoni 
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ally di^liargc^ the Ij'mph \ n\o the great vtins at the root of the neck, but ail, save the 
terminal vcsmIb^ arc iniemiptcd in sothc part of their course by smalh solid rmisses 
of lymphoid tlssucp termed iymph Wfj The lymphatic sypitm compdfic^ 

not only all the lymph ve^sscla and lymph nodes which will be described in this 
sectbiip bill also certain masses of lymphoid tissue found mainly in the ivalk of the 
alimentary^ canal which will be describL-d with the digestive system. 

The iymph vessels are oceedingly deliciitc and their ooais so transparent that 
the huid they contain ts readily seen through them. In contrast with the blood- 
capUiarics, which can absorb only those substances which are s^iluble in water^ the 
lymph vessels are able to take up substanocs which are insfdubic in water.* They 
are conatricted at intervals and so present a knotted or beaded appearance; these 
constrictions correspond to the attachments of vjdves in the interior of the vessels. 
The smallest lymph vessels form a m-eshwork which h found interspersed nmongsi 
the efemenu and blood-vessels of the tissues which they drain. The ineshca of the 
network and the vessels Uvemselvea are much huger tliian those of the capillary 
plexuses. The wslls of the vessels are complete and, in all probability, titcrc arc no 
direct communications between the lumen of a lymph vessel and the tissue spaces. 

Lymph vessels have been found in nearly every tii^uc of the body which con¬ 
tains blood-vessels^ but it would appear that they are more numerous in epidielial 
bsaucs. The Lymph vessels of the small intestine are called iact^ak ; they differ 
from other lymph vessels only in regard to their function of fat absorprion. After a 
meal containing thia foodstuifp the lymph which they contain is milk-white In appear- 
unce and termed chyh* 

Lymph vmcIs are absent from the central nervous s)^tcmv and from non- 
viwailar structurca such as cartilage, nuibi cuticle and hair. Their occurrence in 
bone^ bone-marmvv, and in striped mimdc, b dciubiFul. In the lung they do not 

reach ific pulmonary a|vt:oIL but 

Fio. 717.^—A STiirtll ]>'rnnh vcwel fro™ the 
hrai 


iliiiphnigm of d rabbit. Hilvrml. '^65. 


ceo;^ at the beginnings of the 
atria; nor are they finittd in the 
interior of the liver lobules or 
in the splenic pulp. Although no 
I)Tnph vesaelfl am found in the 
central nenona system, the blood¬ 
vessels eniering the brain and 
spinal cord appear to he sur¬ 
rounded by i^rtvascular spaces 
which arc lined with the inoto- 
thclial cella of the pia mater. 
1 'he ocrcbrosplpal fluid clrcutates 
through these spaces and may 
therefore play the part of lymph. 
\Voolbrd,f who used the vital 
method of injecting the subat- 
jchnoid space in cats, found tliai 
subseiiucntly the dytr was confined 
to the pia and arachnoid mater, and that these struciurcs, together with the piaJ 
^pta, were cverv where coloured. Further, the mesotheliial cells of the pia mater 
contained granules of the dye and it could be traced for considtnable distances along 
the spaces in the sfieaihs of the blood-vessels entering the hmin and spinal cord. 
I’hcsc perivascular spaces may therefore be regarded as playing the jiart of lymph 
vessels. 



From the networks in the tissues small lymph vessels emerge and either pass to a 
neighlMiuring lyniph ncwlc or join some larger lympls trunk. The v«Uls are 
arranged En superficial and deep sets. 'Fhc supfrfintai lymph vess^h he immediately 
under the akin and may run independently or may accompany the superficial vdna ; 
in cemin situations they join the deep vessels, but these connexions are by no means 
frei^ueni. The superiicial Htnph vessels are especially numerous around the orifices 
where skin and mucous membrane become continuous, c.g., tlve mouth, the anus, 
the vagina, etc. Ljmph vessels of a similar type nru found in the submucous areolar 

* P. T. Ilcrrinji mjid K. G. Mkcniiuithtoii, THt i^rrat, June jfd, i^az, 
i H- IJ- Wf»llMrd„ 7 - 58, wi. 
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tmxic of the digtfltsvcp respiratory and urogenital ay^testiS and in the subiu^roiia tiaaue 
of the ihonacjc and ahdotninal iVdlLs. Tho ditp tymph tvsseh always aee:impuny 
vascular or neurovascular bundles ; they ar? fewer In number but larger in 
calibre than the superheiaJ vessclSp although thetr mode of origin is probably 
similar. 

The lymph vessels of any part exceed the veins in nuttibct^ but diey arc much 
smaller In size. Their anastomoses—especially dsose of the larger tninks— arc 
more numerous and are efiected by vessels equal in diameter to tJiose which 
they coruiecL 

'Phe lymph vessels unite with one another and ultimately form two main channels, 
named the fhorunc dfut and the right lympluitic duit, whidi open into the venuus 
system at the mot of the neck* 

Tlie fltructiixe of the lymph vessels. —The wnlb of the larger lymph vcsseEi arc 
composed of three codEs. The inteniaf coat is thin, transparentp ant! ^Ijghdy elastic^ 
and eousi^tg cif a layer of elongated ctidutlieliaJ cells suppoTted on an elasdc mtirtibrnne ; 
the cells have w'ayy mairgins^ by which contiguoiis celli dre dovetailed into one another. 
'ITicr middle coat is composed of smooth muscular, and hne elasiie ftbt^s^ lilaposcd in a 
transverse direedoti. The ejctfmai coat cDnsisls of connective tissue^ inEermiKed with 
smEHnh muscular fibres longitudinally or obliquely disposed ; it forrm a protective 
covering to the other coats and serv^ to connect the vessel with the neighbouring 
structures. In the smaller vtf&^els there are no muscular or etasde hhres, and the wall 
comjsLs only of a Connect/ve tissue coat lined by endothelium (fig. 777). Tht: thoracit 
duct has a more cotnptex stnicture thim the other lymph vessrla ; it presents a distinct 
dubendothclial layer, similar to tlmr foLind in the arteries ; in tJie middle coat there h, 
in udditjon to the muicubir anti elastic fibres, a laj^er of connective tissue with its 
fibres arranged longitudinal Ey. Nidtr/eni blood- vessels and many don-mediillatcd 
nerv^cs in the form of fine pliUEuses are dUiributcd to the outer and rniddle coat* inf the 
larger 3ymph-ves*ek. 

In the lymph vessels the valves are placed at much shorter inlcrrals than in the 
Veins. ITiey are most numernus near the lymph nodes, and are found more frequently 
in the lymph vp^ls of the neck and upper Itmb than in diose of the lower limb j 
they ore wanting in the veswh compiosing die plc^ifarm network in which the lymph 
ve^cla usually origifiair on the surface of the body. The valves are futnicd of thin 
layers of fibrous tisane covered on both surfaces by endurbcljum w^hich presently ihc 
same arrangciTicnt as on the valves of veins (p. 6qa), They arc scmil Lirkor in form, and 
arc attached hy tbeh convex edges to the w^oll of the veasel, the ctpncave edges being 
f^ and directed along the cotinsc of the lymph-current. Usually Pvo valves* of equal 
size, are found opposite each other ; but Dccaalonslly exceptinns Octur, espccifllly at 
or near the iinastamEHWS of Ijitiph veeseb!.; thus, one valve may lie of im^l scsec and 
the other Incrcssed in propr>rtinn. Tie w'all of □ lymph Vessel iimnectiately abcw^c the 
ittachment of each Begmcni of a ^'ilve is expanded iEito a pouch or sinus W'hich give? 
the ves^h when distended, the knEitted nr headed uppeoraTice to which reference hfl* 
ilready been madc^ 

The lymph nodes arc small, 01*0.1 or bean-shaped bodies, si tun ted in the course 
of lymph and hictcal vessels so that the lymph and chyle pa^is thmujd^ them on their 
way to the blixxl. Oenenilly each presents on one ride a ai/ghi depresiiun* tenned ihc 
hiluif ihmugh which the blood-s-essck eriier and leave the node. The clTcrenl E>'mph 
vessel also emerge frenw the node at this apol, while the ufFcrefit veasek enter it at 
difTereni parts of tlic pcrlphety. On $^ 1 : 0013 , a lymph ntnie displays two different 
structurca : an external, of lighter colour—the evrtiad ; and an mtemal, darker 
—die uKiiidtary. The curried structure does not form a complete investment 
but is deficient Bt the hilus, where the meduHary poreiuc renches the sur¬ 
face of the nodv* X 50 that fiw efferent lymph vessel is derived directly from the 
meduJLiTy structure, wh]l<e the atTcrent vessels empty themselves into the cortical 
suhstanre. 

The simeture of the lymph, nodes Chga. 77y3-“-'^ lymph node consitu of 
a fnmiew-Qrk comprising the capsule* trabecula: and the reiiLulajr tissue imd, ei^tangleij 
in [his framework, masses of lymphocytes and free macrophages. 

7 Vie mpstiitt eittd imbrculir .—The capsule^ which is cEJinpciscd mainly of cnlLagen 
fibres witli a few fibmblasts betw^een the hundlesj, rontoimi also jamie distic fibrci* 
eapccially in its dcepier layers. In some animah a great many plain musck fibres mre 
Ibund but this is not the eftw in man. The capsule covers the outside of the node and 
is continuous* on its deep surface, w'ith tmlTccula: of a similar structure which extend 
into the interior of the node for about cne-fourtli to tsne-tJilrd of liie disianec from the 
periphery to the centre* Ai the hilus., dense fibrous tissue may extend S4kme distance 
into the mcdullA and the efferent vessel ts emlicddcd in this before it leaves the ufjde. 
The majoriry of the bluod-vcmU enter and leave at tlic hilus and their main hmnchiis 
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fallow tht trubccutic to n:9ch their distribution to fl unpiUary plexus in the aubatance 
of fiCHle tiisue. 

7V*f 7jftiruhMjr —nctapalurn fonns a mcshwqrk cvetywhen* walhin the spaces 
outiiiied by ilie trap^ulc and t»brculif^. In some parts^ for example in the cortoC^ it Can 
be ^ern Only with dif^culty because of the number of lymphocytes entangled irt 
its meaJt. In ether parts it is easily seen bemuse fewer cells arc entangled and the 
tne^h of the reticulutn itself is looser ; such pairtfl allow the Ijttnph to poas through with 
linle hindrance and art termed the iymph titfutet. Enraiigled cells are almost entirely 
abHmt from the portion immediately beneath the capsule where the re titular meab ia 
reHilily seen m the lymph tinus edied the tttinrapiular f>7ifp^ $pace. The latter is 
continuous with similar spuiiits alooKivide the trabeeube which catry the lyniph into 
the medulla wliere the reticulum is again fairly cosy to see be^uac of the snioM number 
of entangled cells. 


H^chente of n lymph node. {Modified fraai .Xlaxlttiov and Bloom.) 
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Tbe reticulum rteelf consists of rutfcular fibtea and reticular celk. The Tftindar 
fibrft att extremely bne ccilbgcn fibres prodiEccd by the primitive rericular tills. They 
BJt: nurnemusojiLl form a close meiihivr^rk ai the periphery of the cortical iyniph nodules 
and round the blood-vesaets, whibtH in the lymph ainu^ and at the cenlrca of the 
l>Tnphatk- nodules, the niesh Is much looser. The miVtdor reih are of two types, viz. 
the prirnatiye reticular cells and the phago^c reticular cdls or haeci moempbages^ 
The prirnltii^ rctlcuLiir cell® fomx a s>Ticytium in cImc sssociatiion with tlse reticular 
fibres which have been pToduced by the pelli. Some of the maemphages w hich line 
the lymph Ainuies are quite promtmLiit and err capable of active phagocytosis. They 
cim pick up fmm the Itmpb particukte matter or baEtiria which might otherw-ise reach 
the blood ^trentit. Other macrophages are flattened l ike endothelial cel la, but, if a 
demand h made on them, fliey can tmiime more pfomin^t and exhibit espadtv 
for phngocyiosia. 

7"hf fttianffM cc/h.—The tnajoiity of the celts entangled in the nMiculum are 
iymphitcy'trs, although muettip^atfset which have become ftevd frmn the reticulum are 
often found in the lymph sinuaes. iTic distribuiiun of the lymphocyies is different in 
ihc %'enoij.s parts of the node. In the lymph sinuaes are found some free cells which 
have been swept into the lymph as iE drculatfs through the node, [n the cortical 
pan ihe cells are very denrely packed and may form more or Icsa iaokted masses called 
(ymp^i nodulrt Or ^yjwpA/o/ftc/rt. The nunibe r and i h c degree of Isokrion of i lie nodules 
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VBxy from time to lime according to ttse demands made by the body oci lymphoid ds9uc 
frcncrally. The central part of each nodule ii composed of celb ^-hich are bfgrr^ Ic^ 
deepLy staining and dividing more rapidlyp^ than those at the periplieiry. These centraJ 
areas arc called gerwiiwo/ rmlw* In the tncdullaTy part of the node the JymphE^cytea 
are much more lootelv packed than they are in the cortejt. They conatitute irregular 
branching cords bervveen which the reticulum of the medLilian' 1)Tnph Biousca is easily 
seen. 

The vessfk, as stated above^^ entef at different para of die periphery^ of the 

gland, and after branching and farming a dense plexus in the substance" of the 
capsule, open into the part of tbe lymph sinus immediately beneath the capsule. 
This suh^apsular lymph space Is evcrywiicre in continuity with the l^mph sinuses of 
the cortical part. As the afferent vessels enter they lose all their coat# except their 
endothelial linings which is continuous with the Layer of cells lining the lymph 
sinuses. 'Fhe efferenl vazel commences from the lymph tinuscs of the medullary 
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portion* The stream of lymph carried to the gknd by the affereat vessels thus 
passes through the plexus in the capsule to the lymph sinuses of the cortical portion, 
where it h exposed lo the action of the node pulp ; after flowing through these it 
enicni the sinuses of the medullary portion, and finally emerges from the hilua 
by means of the efferent vessel. The stream of lymph in its passage through 
the lymph sinuses is retarded slightly by the presence of the rettculttm. hence 
morphologicaJ dements carried in the lymph stream^ either normal or inorbid, are 
easily arrested and deposited in the sinuses. Many lymph corpuscles pass with ihc 
eflFefcnt lymph-stream to Join the general blood-stream. 

Applied Amlomy\‘ —Hie lymph vessels and lymph noiks draining any pifcctcd 
orca of the body nre very Ucibk to become inliofticd, resulting in acute or chronic 
lyttiphangitia nncl lymphadenitia. In acute cases the paths of the supcrhdaJ lymph 
vessels are often markt^ out on the skin by painful* red lines leading to tender^ swollen 
lymph nodtis. which may suppumte* Chfonic lymphangitis, together with the block¬ 
ing of numeroufl lymphatic ^tss^Is by the escaped ova of the minLitc paroaitic worm 
Microfilnrif nmrlorPfiT, is the cause of clcphntiriiwis, a condition common in the tropics 
and subtropics, and charactnuiaed by enormous enlargemcni and ihl-ckening of the skin 
of some part of the body, roost freciucntly of the leg snd scrotum. Tuberculous, 
syphilitic and canoetoua enkrgemenrs of the lymph vcwcis and b*mph nodes are very 
commonly met with. 
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'ITt^ pn^nl view h ihjt ciinccr spreads both by miTwlc erttboli and by permeating 
the Kniph vesseta bs t ijfllid -cell-grovhih. OperaTiemi for the renioval of caTi-cor arc 
therefore plaOTicd To take awsy in one mass the cancer, the intervenioK lymph vciiek, 
Aitii tlie lymph ooElea. 

The appeurance of secondary maliKmnt deposits or of secondary Snfccrion in putt 
of the body that seem not to be directly associated by any lymphatic connexion with the 
SCOT of the primary epuwth or infcctiDn hjis often been observed, and explained as doe 
to ' rctmKnide transport * of cancer-cells or bacteria by o rtvetsed ^iaw of lymph. 
Welcmimky,* however, believes that the explnnation is to be foiind in the fact thai 
when the tnfecred lymph ncHles have fmown to a certain size they nr> lonpcr permiE the 
fiormul flow of lymph thro^ijjjh thern, and that in these circumstances very dclieate 
lymphatic cannexHinSt whose cxisrcnce nomniilly teroains unsoApected. develop to a 
surpnain^ extent between amups of lyTTiph glands thnl si first sight appear to be un- 
coimected wjth one another. In till* cofincxiEm the possibility of spread by the hlfWKi- 
stream ihoidd not be disrctfardcii entirely. It has been shown t that lymph vessels 
in V pedicle skin graft survive tn the graft and con replace vcAsets which have been 
destroyed. 


TtiE TfiORAcrc Duct 

The ihoracic duct (fig. 780) conveys the chyle and the greater part of the Hmiph 
into the blood. It is the conomon trunk of all the lymph vessel nf the body^ ex¬ 
cepting tho^ of the right side of the head, neck^ and thoracic wallt the right upper 
limb, right longp right aide of the heart, and part of the convex surface of the liver, 
[n the adult it v^ica in length from 38 emn to 4!; cm. and^ including the cistenta 
chyli^ extends from the second Jumhar vertebra to the nM>t of the ncck« It begins 
St the upper end of tiac dsicma cliyli (p. nrar the lower border of the twelfth 
thoradc vertebra an tj enters the tflurax through the aortic opening of the Diaphragm, 
It then ascends through the posterior mediastinum vi'ith the aorta on its left, and the 
szygos Vein on its right side* Tn this part of its course the vertebrat column and 
anterior longitudinal Jigament^ the right aortic intercostal arterii^H the termijmJ 
parts of the hemioicygojt veins lit? liehind it_ The Diaphragm and the ersophagus lie 
in front of but a recess of the right pleural cavity may inten cnc between the duct 
and the ccsophdgus. Opposite the fifth thoracic vertebra the thoracic duct inclines 
tow^ards the left side, enters the superior mediastinum^ and ascends to the thoracic 
inlet along the left edge of the crsophagijs^ rVfier being crossed by the aortic arch, 
it lies behind the commencement of the left subclavian artery and in close contact 
with the mediasiinal pleura of the left side. Passing into the lieck^ it Arches laterally 
At the level of the iransvcrAc pitKvss of the seventh Ccrsical vertebra^ the arch rising 
about 3 Cm. or 4 crn. above the davHclc. ITerc the duct runs anterior to the 
vertebral artery and vein, I fie sympathetic trunk and the thyrocervical trunk or its 
branches. Tt also paa^et in front of the phrenic nent and the medial border of 
die Scalenus anterior, but is separated from these two structures by the prevertebrai 
fasda. In thui situation it is placed behind the left common carotid artery, vagus 
nerve^ and internal jugular vein. FinaJly^ it descends in front of the firat part of 
the left Auhekvian artery and ends hy opening info the angle of junction of the 
left subclavian vein with the left intemaJ jugidar vein. Sometime^ it breaks up 
into a vanable number of xmailcr vessels jus£ prior to its terminatian. At its 
commencement the ihotacic duct is about -5 cm. in diameter, but it dimini shea 
considerably in calibre in the middle of the thorax, and a again slightly dilated 
just before ifs termination. Tt is generally flexuous, and constricted at inter¬ 
vals so as 10 ptreseni a varicose appearance. Not infrequently it divides in the 
middle of its course info two vessels of unequal sisk w hich soon reunite, or into 
jicvcral branches which form a ptexifurtn Inicrlaccinent. It occasionally divides at 
its upper part inio two branchei^ right and left; the left ending in the usual nianner. 
w'hilc the right opens into the right suhclavidU vein, in connexion with the right 
lytnpliflric ducL I’hc thoracic duct has several valves^ and these tend to placed 
in aitualions where the duct b ^xpo^ to preasurc : at iu terminatiDh it b provided 
with a pair, the free borders of which arc turned towards the vein so os to prevent 
the passage of venous blood into the duct. 

“ Brrimn ktin. 1905, No. 14, p. 7-13^ 

t J. H. Go*y,^. 71, 1937, 
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m 


The CEStemft chyli (fig. 7S0) b 3 isac-Iike dibuUofi on the lymphatie pathway 
from the abdomen and lower limbs. U ia 5 cm. to 7 cm. long and lA aimated ui front 
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of the bodies of the first and second lumbar votebreCp immediately to the right of the 
abdominal aorta. The upper tvvo lumbar arteries of the right side and the right 
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lumbar 2z^';gQa vcm^ when it h present, intervene between the datema chyli and the 
vertebrj] column. Anteriorly the d^temn chyli covered by the medial edge of the 
right crua of the Diaphragm, tt receives the right and left lumbar and the intcsiinal 
lymphatic trunka. The iumhuF tfunta arc formed by die union of the cfFcrent vessels 
from the lumbar (lateral aortic) lymph ncidesi; they receive the lymph from the 
lower limhs, from the wnlls and viscera of the pelrisT. frxnn the kidneys and supra¬ 
renal glanda, the lesies (or ovaries), and the deep lymph vessels of the greater part 
of the ahdrnniEifll wall. The inUMimi irank receiver the h-rtiph from the stomach, 
inte^Unc, pancreas and «pken, and from the lower and anterior pan of the 
liver. 

Tribut^ieft.^At its commencement the thoracic duct rccd%'cg a deacendlng 
trunk hum the posterior intercostal lymph node of the lower sii or seven inter¬ 
costal spaces, on each side, in the thoran the thoracic duct is joined on each side 
by a tnink which dmns the upper lumbar lymph nodes and pierces the crus qf the 
Djaphragrn. It alsio receives the dferents from the posterior mediaBdnai lymph 
nodes and from the posterior intercostal lymph nodes of the uppH^r six spaces of the 
left sidCn In the neck it is joined usually by the Irfi jugatar trunk from the left side 
of the head and neck, and the U/t mkeimnan frunk from the left upper Umb, but these 
vessels may open indqjendendy into the internal jugular vein and the aubchiviaji 
vem^ respectively j sometimes it is joined by the (eft brQftcfi&fnrdiasltiitil trunk, but 
this trunk usually opens independently into die junction of the left subclavian and 
intemal jugular veins. 


Fio* vSi,—The tcnniival b'mph trunks ot ihe li^hi lidc. (INimtr sfid Chairpy.) 



4. Joiular trnnl, S. S'lUicIlfvUn tmnL, liTDDcb^inHiiidAMl ttudk, rf. Biaht iTmIstiiUf: dlKt 
4m Lyifnph ukmIi! bf iHEcrnmJ ihattex duun. /. Lvmi^ noJe of cerri^ 


The righl lymphatic duct (figs. 780^ 781 about t cm. in length, couf^ abng 
the medial border of the Scalenus anterior at the root of the neckp and ends by open¬ 
ing into the angle of junction of the right subclavian and right internal jugular vcuis. 
Its orifice is guarded by two semilunar vaives^ which prevent the passage of venous 
blood into the duct. 

Tributaries.—The right l^imphatic duct receives the lymph from the right aide 
of the head and neck through the right jugular trunk ; from tlie right upper limb 
through the right subdatfian trunk; fmm the right side of the thorax, n^l lung^ 
right Bide of the heart, and part of the convex surface of the liver, through the rr^Al 
broHchomrdiiUtinai These three trunks frequently open separately in the 

angle of union of the two veins (fig, 781), 


Apptu^i -dftrt/owi.—All hough hli:x!kage iif tln! thoracic duct is ua^iaUy ilic result 
of its inVASJon in the spread of malignpinl dimue, no iigna or symplonitf anstr because 
mimy alicmaijve rouies arc avniiable for rhe pas$jig€ of chyle to the venous rimilatinn. 
Extreme blockage of the fnulcipk p;ithwayx may occasionilly occur, e-g, in titari^si^i 
and catwe chylous effusions into the perituncol cavity- or pleurae, nevenl^lcss luch 
effusiuns are more likely m remit from rupture of the duct cither from tmuma, 
Burgicfl] accidents or fn>m a malignant djfl£a.Nc such as Ij-mphcKflarccimfl. The mot 
of the neck and the intrnthonicic portion of the duet ore the contn^on Bites of the 
injury, t Jjmturc cf the damaged vesacl is always succcsshil in tion-mallgnent caaea. 
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THE LYxMPllATIC DRAINAGE OF THE HEAP AND NECK* 

The IjTiiph nodcd of the head and neck comprise a terminal graup imd a numlier 
of mtcrmcdian% outlying groups. The terminal group is clos4ity associated ivith the 
carotid sheath and is named the deep cervt'mf group. All the lymph vessels of the head 
and neck drain into thifi group, cither directly from the tissues thcmselvea, or in¬ 
directly after passing through one of the outlying groups. The efferents of the deep 
cervicil lymph nodes fom the mgufor iritnk, which* on the right side, may end in the 
junction of the internal jugular and subclavian veins or may join the right lymphatic 
duct; on the left aide, it usually entera the thoracic duct, although it may join cither 
the internal jugular or tlie sub^vian vein. 


7 'HE DEEP CERVICAL LYMPH NODF-S 

The deep cervical lymph nodes are found lying along the carotid sheath from 
the base of the skull io the root of the neck. They may be subdivided into (j) a 
superior and (2) an inferior group, both of which receive afffrenij direct from the 
tissues themselves us %vcll as from itic outlying, intermediary groups, 

(1) 'rhe uupcHar deep cervical lymph nodes (6g. yS?) Ue in close relation^ 
ship with the upper part of the tmemal jugular vein. Most of them are hidden by 
the stcrnomasioid, but a few extend beyond the borders of the muscle. One g oup, 
which comprises one large and several small nod^ is placed in the triangular area 
hounded by ilic pf)*ledor belly of the digastricp the facial vein, and the ifitcmal 
jugular vein, and termed the juguh-dtgiistrk group t it is associated particularly 
with the lymph drain^e of the tongue, 

Effmrtts from the upper desp cervical lynjph nodes pass to the lower deep 
cer^ ioil group as well as to the jugular trunk. 

(2) The mferlor deep cervical lymph nodes arc situated under cover of the 

lower part of the stemomastoid:, aad extend also into the subclav ian triangle, w^hcrc 
they are closely related to tiie brachial plexus and the subclavian vessels- One node 
of this group lies on* or just abo%'e the intcftnediate tendon of the omohyoid muacle; 
it is Called the juguln-omohyoid lymphatic node (Jamitson and Dobacin) f and is 
concerned especially with the drainage of the tongue (p. I'he efferents from 

the lower deep cciwical l>Tnph nodes join the jugular trunk. 

From the point of view of ihdr lymphatic drainage the tissues of the head and 
neck can conveniently be considered in two groups, vb,: The supcrhcial tissues 

and (A) the deeper structures, iucluding the %'jecera^ 

A . Lymphatic Drainof the Superficial Tissues of tiie 
Heau and Neck (fig. 783) 

Most of the superficia] tissues are drained by vcbsHs which go first to outlying 
groups of lymphatic nodes, and the effeamts from these pass to the deep cen-ical 
lymph nodes. Some of the lymph, however, may pass dinxtly to the deep cervical 
nodes. 

The outlying gn>ups concertied in the drainage of iht superficial tissues arc : 

In tht in thf nrck. 

Occipital Submandibular. 

Retro-auricular (Mastoid). Submcncal. 

Parotid. Anterior cei^'ical. 

tiuccal (Facial). Superficial em'kah 

1. Lympbaifc dralruige of the sealp und ear,—^1) The lymph vessels from 
the frontal tegioii just above the rfsot of the nose drain into the submandibular group 
of hiTiph nodes (fig. 7S2) and will be considered with the lymph aiica of the face. 

In this and tius follnuinie Mctiurta only ihe lirgtf nntl more cnnaLnnt graupH ipf tymph 
nodes ore includInJ. For 1 diUJiilcd dcaciiptiiin ind references to the litenture, comuit 
iJct LymphaTiq^^ df Vhummt, hv' Tl, Rouvi^. Maftson cC Cie, Pitifc, 103 ^- 

t J. K. Jamieson and J* F* Dohwo/^ The I.ymphatics of the Tonjfije/^ BrOUkyimmat of 
SurgtTy\ vol. viii, No. 1^20. 
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(il) The vessels from the rest of the foTclicacl, from the temporal region of the 
Kalpt M(1 from the upper l>itlf of the lateral surface of the auricle and the anterior 
waU of the ertcmal auditory meatus drain into the tuperjidiit parotid fymph nodes, 
niiich lie immediately in front of the tragua, on, or deep to, the fascial investment of 
the parotid gland. These nodes receive also the lateral lymph vessels from the eye^ 
lids and those from the shin over the sy|pmiiic bone. Their efferent vessels pass to 
the upper deep cervical lymph nudes. 

I’lO, —The supcrficiiil l^tuph gtard* sftil Ijmph vesseh of the head and neck. 
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(til) A Btiip of the scalp above the auridc, the upper half of the cranial surface 
and mar^n of the auridcp aod the posterior of the external auditory rneatuB are 
drained by vee^ts which pw, sotac to the upper deep cenical l>Tnph fiijdca and 
others to the retro-auricular group. 

The Tetr(MiurMiir lymph nod^s (fig. jSa) an: placed superficial to the 
mastoid inscrtioo of the Stcmonuisloid musde^ and deep to the Au rieularis posterior, 
ITicir efferents pass to the upper deep cm icaj lymph nodes, 

(iv) The lobule of the auricle^ the floor of the external auditoij meatus, and the 
akin over the angle uf the jaw and the lower part qf the parotid region arc drained by 
vcBScIs which may pass to the stipcrficia.1 ccn'ical group of lymph nodes or to the 
upper deep cervical groups 'I’hc £rrvic^ lymph nodet arc placed along the 

external jugular veiii superficial to the Stcmomasioid, Some of the elfcrents from 
this group pass round the ajiterior border of the Stemonmatoid tq reach the upper 
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deep cervical lymph nodes; others follow thi! external jugular vein and join the 
lower deep cervical lymph nodes in the subckvkn triangle. 

(v) The occipital region of the 8 c:alp is diaincd partly by vessels which pass to 
the oedpito] group of lymph nodes, and partly by a trunk which descends along the 
posterior border of the Slemomastuid to end in the lowerdeeji cen^ical lymph nodes. 
The occipitaf fymph nodei are placed io the upper angle 01 the posterior triangle, 
supcdici^ to die attachment of the 'I'rapcaius to the oecipltaj bone. 

2. Lyrnphadc drainage of the fiioe*—(i) The tymph vessels draining the 
eyciida and conjunctiva commence in a superheial plexus beneath the skin and in a 
deep plexus in front of and behind the toi^i j these plexuses pommuniaitc with one 

FlO. 783. —llic ur™ uf lyitiphaCtE: drmnii^ of the »upcj-&daJ fi»u» 
of the head and neck. 



uiothcr and medial and lateral sets of vessels arise from tJicm, The lymph vessels 
of the lateral set dfain the whole thickness of the upper lid with the exception of the 
skin over iu media! part x they also drain the whole thickness of the lateral half of the 
lower lid and all the octtlar conjunedva. They pass taterajly from the lateral com¬ 
missure to end in the superfici^ parotid lymph nodes and also in the detp p<mjfid 
iympfi nodrs^ which are embedded in the su^tance of the protid salivary^ glands The 
deep parotid lymph nodes receive vessels also from the middle ear (p. 1^)* The 
lymph vesaek of the medial set drain the skin o^'er the medial part of the upper eyc^' 
lid, the w^hole thickness of the medial half of the lower lid, and tl>c earuncuk locri- 
malis. Following the course of the facial vein ihey end in the submandibular group 
of lymph nodes. 

The lubmandibutar lymph mdti (figs, 782, 783) are placed beneath the deep 
cervical fascia in tlse submandibular triangle. "Hiey arc usually three in number, 
one at the anterior end of the submandibular salivary gland, and one in front of, and 
another behind the facial artery^ w liere it reaches the mandible. Additional members 
of this group are often found embedded m the submandibular salivirj^ gland or on its 
deep surface. The aubntondibular lymph nodes receive pflerents fmin a wide areiH 
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i including visscls rrt>fn the submental, biicciil and lingual ^>ups of lymph nodes ; 
iheiT efferents pass to btith the upper and lower deep cenitiil lymph nodes. 

(ii) ^*hc estcmal nose, check aiui upper tip, and the latertil part of the lower lip 
send their lymph to the subixiandibukr lymph ntjdes. ITieae vessels may havx along 
their cour^ n ftw hu£ca! lymph ftmlii lying in rdation to the facial vein. The 
raucous membrane covering the oral surfaces of the lips and checks is drained by 
vusscis which end also Ln ihe submandiholar lymph JiodcSp I'hc Uitiph from the 
lateral part of the cheek drains into the pniotid lymph nodes, whilst that frttm the 
skin over the irxjt of the nose and the central part of the forehead just above this 
drains partly ijito iht parotid Kmiph nrjdcs, and partly, along the lacbt lymphatics, 
into the submandibular lymph nodes. 

(hi) 'I'hc central part of the lower lip^ t^cthcr with the floor of the mouth and the 
lip of the longue, h drained by vessels which pass to the submental group of nodes. 
The iubmmtal lymph arc placed on tbc ivly lohyoid muscle betw cen the anterior 

bellies of the two Digastric muscits (fig. 7S4). They receive afferent^ from both sides 
of the median pbne, some of the vessels decussating over the syinphyiis of the man- 
dihlc; their efferents pass tu the sub mandibular and juguliMmobyoid lymph nodes. 

j. Lymphatie drainage of the neck,—M-iny of the vessels draining the super¬ 
ficial tissues of the neck pass round the borders of the .Sternomostoid to either the 
upper or the lower deep cervical lymph node*. however, pass from the 

region over the upper part of the STcmoinasloid muscle and the posterior triangle of 
the neck to the superficial cco ical and ^icclpital hmph nodes. 'Fhe lymph from the 
upper part of tfcie anterior triangle of the neck is drained into the submandibular and 
submental lymph nodes, whibt the vessels from ihc skin uf the anterior part of the 
neck below‘ the hyoid Imrtc pass to the animor iwrvkal lymph mdfUf which are as- 
sodaied wiili the anterior jugular veins. 'File efferents from this group pass to the 
deep eeniicaj lymph nodes of both side* of ihe neck : they pass to infrahyoid, pre¬ 
laryngeal, and ptetmeheiil nodes mfra). One of the anterior cen'ical lymph 
ni>de8 often oecuptea the suprasternal space {p. 56-6), 

B. LyMTIIATJC 1 >RAINAGE ok the OeEFEH TiSSlFES OF THE 
Head and Neck 

The deeper tissues of the head and neck are drained by vessels which pass to the 
deep cerv'ltail lymph nodes cither dtrectlVi nr indirectly after paj^tng through one of 
the outlying groups. In addition to the outlying groups which have hren cem- 
isidered k[mdy\ the following groups also are conccnicd with the drainage of the 
deeper tissues, viz. : 

The retropharyngeal lymph nodea^ 
llie paratracheal lymph nudes. 

The lingual lymph nodes. 

The Infrahyoids prelaryngeal and pretraeheaJ lymph nodes, 

7'he Tcirttpharyng€^ lymph uodts comprise a inedian and t^vo lateral groups, the 
former near the m^ian plane, and the latter in front of tbc lateral mass of the atlas 
along the lateral border of the Longus capitis muscle. They all lie in tbc interval 
between the fasda covering the pharynn and the prevcftebnil fascia. Their efferent* 
pass to the upper deep cen ical lymph nodes. 

paratrachmi lymph on each side arc situated lateral to the trachea and 
nsophagus, along the counse of iJte rccurrcnl laryngeal nerve. Efferents from this 
group pOAs to the deep cen'ical lymph nodes. 

77ie m friihyftrdf pr^faryngtal and pretracheal lymph glands lie deep to the investing 
layer of the deep cervical fascia. They receive some of iheir affcreni* from the 
aiiierior cen'ical lymph nodes and their efferent* join the deep cervical gnnips. llie 
l>mph nrjdts of the infrahyoid group are placed on the fmnt of the thyrohyoid mcm- 
brene : those of the prelaryngeal group lie on the conu* uliisiicus and the tricovocal 
membrane j the pretracheal lympil nt>d*s lie in front of the trachea in close relation 
with the inferior thyroid vebi*. 

The hmfuaf lymph are small and inconstant. l*Key are found on the 

1 lyoginssus muscle and liet%veen the two Geni<;^lossi. 

i* The lymphatic drainage of the na,sal cavity^ nasopharynx and middle 
car*—The lymphatic* of the nasal cavity can be injected from \hc subarachnoid 
*pacep through communications which exist along the course of the olfactory nerves* 


rHE LYMPHATIC DRAtXACE OF THE HEAD AND NECK 

Tht lymph vessels froin the anierior pan of the notse pass suptiiicLialJy to joiji iho&e 
draiiiihg the skm wycKor the nose aod end m the submandibular IjToph ncxles. 
The remainder of ihc naaaj ravky^ the panmasa .1 fiinuscs, the nasopharynii, and the 
pharyngeal end of the auditory tube are drained by vessels whieh pass to the up|3er 
deep tervioil lymph nudts. either dtreetly or after traversing the retropharyngeal 
iyrnph no ties h It is probable that the posterior part of the (liwir of the nose is 
drained by vessels ^vhich enter the psrnltd group of lymph nodes. 

The lymph vessels of the mucous lining of the tympanum and mastoid atitrum 
pass to the parotid or upper deep cen-icaJ lymph nodes ; ihofle from the tympanic 
end of the auditory tube probably end in the deep ccnieal lymph nodes. 

z. The lymphatic drajiLago of the laryrijEj trAchea^ and thyroid glttnd.— 
The lymph vessels of tlie laiymc comprise upper and Lower groups; on the laicml 
ivall the t^vo sy'stems are distinct one from another^ the Une of division being the 
vocal fold : the two sj^'istetns anastomose on the posterior is-aJl of the larynx. The 
vessels of the upper set pierce the thyrohyoid membrane^ and^ accompanying the 
superior kiy^ngeal vessels^ end in the upper deep cervical lymph nodes. I'ht^ 
of the lower set cither pass between the cricoid canilage and the first tracheal ring 
tn go dirctily to the lower deep ccn^Scal lymph n^Kics, or^ piercing the cricovneal 
men^brane^ pass to the pretracheal and prelaryngsal groups before reaching the 
deep oenical hitiph nodes- 

Thc cervical part of the trachea is drained by vessels w hich pass to the pretracheal 
and paratracheal l}mph nodes^ ur dirct^ily to the lymph nodes of the lower deep 
cervical gro^ip^ 

The lymph vessels of the thyroid gland accompany ^he tcioa. ^'cssels of the 
upper set pass to the deep cervical lymph nodes ■ those of tite lower set to the 
pretraciieal and paratracheal lymph nodes. Home of the vessels msy run down into 
the superior mediastinum and communicate with those of ihe thyintrs. 

3. The JynapbaKtc drainage of the mouthy teetK^ tonsU and tongue.— 
( 1 ) The The vessels of the gums end in the suhmandtbular lymph nodes j 

those of the hard palate are continuous in front with those of the upper gum^ but 
run backwards to pierce the aupericir constrictor musde^ and end in the upper deep 
cervical and rctriDpharytigcal lymph ncalcs; those of the soft palate pass backwards 
and laterally and end partly in the retrophaD'^gcat, and panJy in the upper deep 
cerv^ical lymph nodes. The vessels of the anterior part of floor of the mouth go 
to the inferior lymph nodes of the upper deep cerv'ical group, either direedv or 
indirectly through ihc submental l\Tiipb nodes ^ the vessels from the rest of the 
llfjor of the mouth pass to the submandihularand upper deep cervical lymph nrides, 
(ii) The terfh .—Lymph vessels were demouslrat^ iti the pulp of the teeth by 
Schweitzer • in 1907, and his observations have been conflmicd by Dcivey and 
Noyes."!' Fhcy pass to the submandibular and deep cervical lymph nodusp 

(lii) 'fhe —The lymph vessels of the tonsil, usu^y three to five in 

number, pierce the buccopharyngeal fascia and the superior oDtistrictor muscle and 
pass between the stylohyoid and the internal jugular vein 10 reach die upper deep 
cerxi^J lymph ncjdcs. Most of them end in the jugulo-diga^tiic lymph nodes; 
occasionally one or two additional vessels run to small lymph nodes on the lateral 
side of the internal jugular vetHt under cover of the stemomastoid. 

(iv) The irnigm ffigs. 7.S4, —"I'hc lymphatic pkxua in the niucoit:^ mem¬ 

brane of the tongue is continuous with the Intramuscular plexus. The part of the 
longue in front of the papilla; vullaue is drained into marginal and central lymph 
s^essel^. The part of the tongue behind ihe papilla; vallata; drains into a set of dorsal 
lymph vessels. 

I* Marginaf —-'rhe lymph vessels from the tip of the tongue^ and region 

of the frenulum^ descend under the mucous membrane and end in widely distributed 
lympli nwics. 

(ia) \e^ls pierce the origin of the rnylohyoid in contact xviih the periosteum of 
ihc mandible ; one or two of these vessels enter the submental Ijmph ntidts, and 
one descends over tlic hyoid bone to the jugulo-omohyoid lymph node, (It should 

• Arehiv/tir Mihrcitt. AmL H. EnneiifiL, and 

f DenMi Ceftmn^ SOp No. 4, iqiy. 

I Thii dcseription of r|it lymphalic vewU of the i* ha«d Oft the rcsnrvhea of 

Jiin^ciCKtl nnd I>otwii (for. f7l. p, SS^ll. 
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Fig, 7I4,—The lymphatic drmnae* of iW tufucuc. f After Jafni™^ amJ Dobwati.) 
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—The rexrwvnl of tlic StcmcimAfttoid mwclc has E3Et>f>i«1 the vthoki 
f:hsin of deep oerricfll l>Tnp}i nodai- 


Fic. 785^—A diifrraixi to abtiw the couw of the central Lymph \'web of the inn^ir 
to the U-mph nodes do both *idea of the nock. Ijimietiaa and £kiL»^) 
Bfiiiih Joumai cf Surgery, viu, 1930 - 









THE LYMPHATIC OPLVtVAGE OF THE UPPER LLMB 

be noted (t) that vc^h arisLni^ itt the plexus on one side of the tongtie may cross 
under the frenulum and end in the lymph nodes of the opposite slde^ and (2) that 
the efferent vessels of the submental lymph nndcs, which arc placed in or near the 
median plane, pass impartially to either side.) 

(6) ^mc vessels pierce the origin of the mylohyoid, and enter the anterior or 
the middle submazidibukr lymph node. 

(cj Some vessels piSs deeply under the sublingu^ salivary gbnd and* accom¬ 
panying the vena comitans n_ bypoglossi, end in the jugulo-dsgastnc lymph nodesp 
One vessel often dcsccmia over or deep to the common tendon of the Higaairic to 
reach the jugulonjinohyoid Uirsph node. 

Some of the lymph vessels froni the lateral margin of Uie tongue pass over the 
sublingual salivaiy gland, pierce the Mylohyoid, and end in the submandibular 
lymph ; others pass under the salivary gland and end in the juguiD-digastric 
or jugultnjmohyoid nodes- 

The vessels from the posterior part of Uie mai^n of the tongue make their way 
through the pharyngeal wall to the jugnloHdigaatric lymph ikmJcj. 

2 - Citiftral r?£tjeZi,—There is no clear line of demarcation bctivccn areas on the 
surface of the tongue draining into the marginal or into the central vessels. The 
central lymph vessels descend in the median plane betu'cen the Cicnioglossi. Some 
turn laterally through the musclea* hut the majority appear between their free 
borders and di^^erge to the right or left, i.e. the vessels from one side of the tonjy;uc 
may' run to the lymph nodes of the opposite side (fig. y^j). They follow the lingual 
blond-vessels, and end in the deep cen'ical lymph nodes. cspeciaLly in the jugulo- 
digastric and jugulo-omohyoid lymph nodes. Some pierce the Mylohyoid and enter 
the submandihulaj lymph nudes. 

3. Dorsai vesstis .—The vessels draining the area of the papilhe vallata?. and the 
part of the tongue behind these papilla?^ run downwards and backwards—those near 
the median plane may divide and nm to both sides. They turn laterally to join the 
marginal vessels^ and all pierce the phaiyngeal walh passing in front of or behind 
the eTClemal carotid artery, to reach the jugulo-digastne and jugulo-omohyoid 
lymph nodes, or the lymph nodes between them. One vessel may descend behind 
the hyoid bone, perforate the ihymhyotd meitibranc, and end in the jugulo-amo- 
hyoid lymph node. 

4. The lymphatic drainage of tlic pharynx and CEsophagns.—The collecting 
vessels from the pliarviis^ anti ursophagus lu the deep cen'icaj lymph nodes 
either directlvi or incfirectly through the Teirophaifymgeal or paratrachcal lymph 
nodes. From the repon of the epiglottis the lymph vessels run to the infrahyoid 
IvTOph nodes. 


THE LYMPHATIC DRAINAGE OF THE UPPER LIMB 

.\ll the lymph vessels of the upper limb drain into a tenninat group of lymph 
nodes situated in the axlllap either directly from the tissues, or indirectly after 
pssfijng through an outlsing group of lymph nodes. The lymph vessels comprise 
dt^ep and superficial sets. The deep vessels follow the principal vascular and 
neurovascular bundles, while the superhoial except in the hand and on the 

back of the forearm, accompany the superficial veins more or less doscly. 

The axtllaiy lymph nodes (fig. 787), which are the terminal group for the 
whole of the upper lim b, are of large stse ; they vary from tw^entj' to thirty in num-^ 
ber. and may be divided into five groups, which are not sharply demarcated from 
one another: 

j. A fatmtgroup (fig. yKfi) of from four tosLs lymph nE>dc$ lies mtdiitl to. and 
behind, the axillary vein ; the offerents of this group drain the whole limb with the 
exception of that portion whose lymph vessels accompany the cephalic vein. The 
efferent vessels pass partly to the central and apical groups of axillai^ lymph nodes, 
and partly to the lower deep cervical lymph uudes^ 

2. An antmr^r or pectoral group of four or five lymph nodes lies along the Jow^er 
border of the PcctoraJis minor, in relation with the lateral thoracic vessels. Its 
affercntB drain die skin and muscles of the anterior and lateral w^olls of the body, 
abo%% the leveE of the umbilicus, and the central and lateral parts of the mammary 
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gland (p. S94) i ita efferents pass partly to the central* and partly to the apical 
groups of axiUar)' lyinph nodes. 

3+ A posterioF or niifsrapular gr(mp of &is or seven lymph I'iodcs is placed along 
the lower mai^giji of the posterior ^vail of the axilla In die course of the subscapular 
vesseta. The aifcrenls of this group drain the skin and mujelcs of the lower part of 
the back of the neck and of the dorsal aspect of the irunk, as low down as the iliac 
crest; their elTcttnia pm to the apical and to the central group of axLllary IjTnph 
mKlcs. 

4. A Cfntmf group of three or four large lymph m>di.^ is embedded Ln the fai 
near the base of the axilla, 11 Ims no special area of drainage, but it receives alfcrents 
frofn all the preceding groups of axillarv' lymph ni>dcs; its efferents pass to the 
apical group, 

5. An apkal group of six to twelve lymph nodes is situated partly posterior to 
the upper portion of the Fcetoralia minor and partly above the upper border of this 
muadc^ and extends upwards into the apex of the axilla along the medial side of the 
axillary vein. The only direct terratorial alfercnis of this group are those which 
accompany the cephalic vein anti one or two which drain ihc upper and peripheral 
part of the tnammary gland* but it receives the efferents of All the other axillary 
isTiiph nodes. The efferent vessels of this group unite to fomt the $tibdmyiau trunk, 
which opens cither directly into the junction of the internal jugular and subclavian 
veins or into the jugular lymphatic trunk : on the left aide it may end in the thoracic 
duct, A fetv efferents from the apicaJ group usually pass to the lower deep cervical 
lymph nodes. 

The outlying lymph ntnles tn tlic upper limb are few in number. They 
comprise (1) the supratrochtear group, the infraclaviculaj group (which are both 
interposed on the patli of the superficial vcssclajp and (3) a few isolated lymph nodes 
which arc oecaaionally present along the couiae of the principal blood-vessels of the 
arm and forearm^ 

u TJie luprutr&cJiieifr tymph noileSf one or two m nuniber^ lie on the deep fascia 
above the medial epicondyk of the humerus on the medial side of the basilic vein. 
Their efferents accompany the basilic vein and join the deep lymph vessels. 

2* 'The infraclatkuiar fymph mtdri, one or two in number* are found beside the 
cephalic vein, between the Pectomlis major and the Ehrltoid* immediaiely below the 
claviclen ^I'heir cffertnis pass through the clavipectoral fascia to reach the apEcai 
gmup of the axillary l>TOph nodes, or, more rarely, they may pass across the clavicle 
to reach the lower tieep cen'tcal 

Isolated lymph n<ales> stmall in giae* arc sometimes found in the forearm along 
the radial, ulnar and inlerosscoiu vessels* in the oibital fossa near the hifurcaiitjn 
of the brachial arteTy\ and in the arm along the medial aide of the brachial 

The [ympkatlc drainage of the superficial tissues of the upper limbp— 
The superficial lymph vessels begiii iit the lymphatic plexuses in the skin. 

/ij ihff ha1tid^ the meshes of the plexuA are much finer on the palmar chan on the 
dorsal surface. The digital plexusefi irc drained by vessels w hieh run along the 
bordera of the digits to reach the web, where they receive vc^cls from the distal 
part of the palm and then pass badnvards to reach the dorsal surface of the band 
(figs. 7^6, 78S). The rest of the palm ia drained by vessek w^hich pass proximally 
towards (be wrist, medially to join vessels along the nbiar border of the hand* and 
laterally to join those on the thumb. Several coUecting vessels from the central part 
of the i^lmar plexirs unite to form a trunk which w’bids round the metacarpal bone 
of the index finger to join the doraal vessels fram the game finger and from the 
thumb. 

Jn ihr forearm and arm, the suporficial lymph vessels run* for the most part* in 
company with the superficial veins. Collecting vessels from the hand pass into the 
forearm on all aspects of the wristn 

The vessels on the domim, after running vertically upwards parallel with one 
another, finally pass sucocsei vely round the borders of the limb to join vessels on the 
front (fig. 781s). The vessels nn the front of the wxbt pass up the forearm parallel 
with the median antcbrnchial vein to the cubital region, fkvond this point they 
follow the medial border of the biceps muscle and* piercing the <i«p fascia at the 
anterior axillary fold, they end in the lateral group of axillary lymph n43deE, 

The vessels on the lateral aide of the wrist become associated in the fo rearm with 
the (Tcphalic vein. I’hey follow ii lo the level of the insertion of the Deltoid* where 
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mwt of them uidine medially to enter the Jateral group of axlU^ lymph node^; a 
few continue with the cepb^c vein and end in the mfraclavicular nodes. These 
lateral {ymph vessels receive the vessels which wind round the btcral border of the 
Umb from the posterior surficc^ 


Fic^ 7S^,^'T1 ic lymphatic dntiiune of thr Buprrfiqiol tLssnea of the upper 
limb. Anterior aspect. Sgni^djs M nu tKt wtic. 



The vessels on the medial side of the wrist follow the basilic vein in the forearm. 
Jusi above the elbow some of rhem end in the ntpralrochlcnr lymph nodes. The 
efTerenta from these, together with the medial vessels which have not ended in 
tlie supratrochlear nodes, pierce the deep fascia with the basilic vdn^ and 
end tn the lateral group of axitlary nodes or join the deep vessels. The vessels 
winch wind round the mcdkl border of the Umb from the back join those al 
this medial set. 

The collecting vessels from the front and back of the deltoid region pass respec¬ 
tively round the anterior and posterior axillary folds to end in the axillary lymph 
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m6e9. The skin over the scapular rt^inn is drained by vessels which cither end 
in tlus subseapular group of axiilary lymph nudes, or follow the transverse cervical 
vessels anti end in the lower deep cervical lymph notles, 

Th <3 lymphatic drainage of the ile«p ussues of the upper Jimb-^ 1 he deep 
iyniph vessels follow the main bundles of vesseb and nerves (radial, ulnar^ inter* 
D 5 %scous and bmcbial) and end in tliie Jatcrai axillary lymph ntklcs, 1 hey are les^ 
numerous thim the superficLaJ ve$ae!s. tvith which they communicate at mtcrvals. 
Along their courfic there are a few deep lymph nodes. 


Fttk^ 7 ^ 7 — The lymph ve»c3« of llie niiirmflrj' g^bjnds itnil iflE flxilliny lymph nCMjca+ 

Scini-diaa ramriji t±c. 
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The muscles of ihc sctipular region arc drained by vessels which pass mainly to 
the suhscapulur group of axillary lymph nodes. Tlie lymph from the pectoral 
muscles is drained into the pcctoi^, central and apical grou^ 

The lymphatic drainage of the breast (fig. 737>,~The iymtk vtttek oj tht 
mammary g!m4 originate in a plexus in the interlobular spaces and in the walls of 
the lactiferous ducts. Those from the centra! part of the gland enter an intricate 
plexus which is situated beneath the areola. This plexus also receives the lymph 
vessels from the skin over the central part of the gland, and from the arcob and 

iTic elTercni lymph vessels from the greater part of the mammary gland 
anastomose with the Ivmphatac plexus in the fascia on the PectoraLs major muscle, 
ant! subscqucntlv end in the pectoral group of axillary lymph mnlcs; tme vessel 
from the upper‘part of the gland pierces the Pctloralis major, and ends in the 
apical group of axillary lymph nodes. Through this fascial plexus also the lymph 
viMsels from the medial part of the gland communicate with (<i) the internal thoracic 
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lymph nodcfi (p. ^09)^ and {h) with the lymph vessels of the opposite breast* The 
Ivfnpb vessels frtHTi the Inwcr and medial parts of the mammary gland anastomose 
with a lymphatic p1e?aia on the sheath of the upper part of the rectus ahdomiiua, 
and on live front of the lines alba between the xiphoid probesa of the sternum and 
the seventh costal cartilage ; although no direct eommunicationa between th» plexus 


Fic. 78$*—^The hrnpbnlic drainage of the luperltdd tin w of the upper 
limb, PofEcnor iipcot. Senii^ingiummetic. 



and the ]>Tnph vessek In the subpentoneal arctplar tissue have been demonstiated 
by injection^ the dmical and pathologicMl investigations of W. Sampson I'landJcy * 
leave no douhe that such exist, 

Ap^Ud Anatimv .—Enlargement of the axillary lymph nodes U very often found 
in m^gnant disease and also in infective processes implicating the part of the 

* CiOfcgr nf ihf Brtmt find fo Fm/rmmrf and edition^ tgai, mnd The Bre^t 
Syiifm €/ Surgt^y, jrd feditien, x-oL L 
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back and shoulder, the froot of the chest and mainniary gland, the upper pan of 
the front and isJe of the abdornen, or the handK forearm, and nrm. 

In npcrations for cancL-r of the breast the fascia cnv-cring the Pectonilis major iind 
the pdjoitiing muscles ts removed over c wide area on account of the cdnnestions and 
ramifications of the lymphaiit plexus which it contains, I n addition t he aiullaiy lymp h 
rtodrs* the stemocosiaJ head of Pcctoniiss major ind, frequently, the Pceioralifl minor 
ate taken av^'fly, in the endeavour to ensure, as far as possihle, the cotnpleie removal of 
alTectcd J^Tnph vtsaclA- 


THE LYMPHATIC DRAINAGE OF THE LOWER TJMB 

All the lymph from the lower limb, with the excerption of that from the gluteal 
and iiichiaJ regions* traversers a terminal group of lymph nodes in the groin, Bcfoire 
reaching these terminal nodes the l™ph may have passed through outlying, tnier- 
mediary tymph nodes, vvhieh, however* arc less numerous in the fnwer limb than 
they are in other parts of the bodyn 

The icrminal lyroph nudes are named the inguJxiiai lymph nodes, and they arc 
Lfi two sets : supcriicial and deep. 

The superficial inguinal lymph node$ (fig« 789) arc themselves arranged in 
two groups* upper and lower. The upp^group, usually 5 or h in number, forma a 
chain imm^iatcly below the ingubicd ligament. The lateral members of the group 
receive alTcrcnt vesseb from the gluteal region and from the adjoining part of the 
anterior abdominal wall below the umbilicus. The medial members of the group 
receive the superficial lymph ve&seb from the cjs^rnal genitalia (including in the 
female the vagina below the hymen), from the lower prt of the anal canal and the 
dicumanal region* from the adjoining part of the anterior abdominal w all below' 
tiie umbilicus and uterine lymph ve^la which run along the round Ligament of the 
uterus. 

The /oiMrifrni^p, usually four or hve in number, is disposed vertically along the 
terminal part of the greai saphenous vein. They receive all the supertieial lymph 
vessels of the lower limb* with the eKccpdon of those from the back and lateral fiide 
of the caJf of the 1 ^. 

All the superficiil inguinal lymph nodes send thtif rfftrrfrii to the external iliac 
lymph nodes^ some traversing the femoral canal, others passing in front of or lateral 
to the fctnoral vessels. In addition numerous vessels connect the individuai nodes 
one with anotlier. 

The deep inguitml lymph node$ vary from one to three in number, and are 
placed deep to the fasda bta, on the niedi^ side of Uie femoral vein. When three 
are present, the lowest h situaled just below the junction of the groat saphenous and 
femoral veins, the middle in the femoral canal, and the highest ifi ihc lateral part 
of the femoral ring. The middle one is the most inconstant, but the highest is 
frequently absent. 'They receive as aJTerents the deep lymph vessels which 
accompany the femoral vessels, the lymph vessels from the gians penis (or 
glana cLiioridia), and, ptsssibly, a few of tlie efferents from the superficial inguinal 
lymph nudea; their efferents pass through the femoral canal to tlie external iliac 
lymph nodes. 

The outlying, intermediary' Ktnph nudes are few' in number and are alt deeplv 
placed. Except for a single nrnlc which ts sometitneiJ present on the upper part oY 
the interofltsteous membrane of the leg in relation with the anterior tiWl vessels, 
they are restricted to a single group found in the popliteal fossa. 

The popliteal lymph nodes (fig* 790), small in fi^e and six or seven in number^ 
are embedded in the fat contained in the popltfeal fossa. One lies near the termina¬ 
tion of the smaU sdphenoiis vein, and drains the region from which this vein derives 
its tributaries. Another is placed between the paplitcal artery and the posterior 
surface of tlie kner-joint; it reodvea the lymph vessels from the knee-joint togctlier 
with those which accompany the genicular arteries, llie remainder Lie at the sides 
of the ptJpi steal vessels, and receive as afferents the trunks which accompany the 
anterior and posterior ubial vessels. The efferents of the popliteal ly'tnph nodes 
ascend in close relation w ith the femuml vessei^ in the deep inguinal hroph node?** 
hill a few“ may accompany the great tmphenuud vein and end in the superficial 
in^inal lymph node$. 
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FtOi 789.—The LymphiEic drunA^ of tho luper- 
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Applitd /lauftWHy.— InfiflintnaiiQii and iupiHirtti™ of ihe popliteal lymph niKlcs. 
art most cominonly due to a lesion on the laletal side o^he 

'ITie supctficial tnituinal lymph nudes frequently brtume ^larged <ii tiisw^ 
unplicating^e parts from which their lymph vessels origimte. Thus m rnnhgnant or 
syp'hilitic affertiona of the pmpuce and penis, or Inbia m 

in abmeesa in the perineum, onus and lower pan of the vagina, nr in 
l!ffe“nrthe akin^d superficial stmrtures in .hj« parts, or the 
of the abdominal wall, or the gluteal regitm, the up^r ^ 

simosi invariably enlarged, the loWTf group being implicated in diseases uiTccting the 

bwer limbi 

The ty mphaUc drainage of the superficial tissues of ibe lower ^ ^ 

superficial Ivmpli vessels begin in the lymphatic plexuses beneath 'he skin. CoJlcci- 
inrvesKls fca« the foot in two sets-a medial set. whose vessels follow the genera 
course of the great saphctioua vein, and a latctid set, associated with the small 

**^The veMcla of the tattHiil grouf’ are larger and mow numeroM than ^osc of tlie 
lateral group and begin on the tibial side of the dorsum of tlie fooL They ^^cend. 
some in front of the medial mflileolus and others behind it, and accompany thc^^t 
saphenous win to the groin, where they end in the lower group of die sopcrtcial 
in^inal lymph nodes. The vessels of the fa/erc/^oiip begin on the fibuUr side of 
the dorsum of the foot. Some of them cross the front of the leg to jom the vcmcIb of 
the medial group and so reach the lower group of the atipi^ial mguina ymph 
nodes ; others accompany the small saphcnoii.'! vein and end in the popliteal lymph 

^"^Thc Buperficifl] lymph vessels of the buttock pass round to the frtint of the limb 
and terminate in the upper group of the superfidal inguinal lymph nodes 

The lymphatic drainage of the deeper tissues of the lower Jimb.—i he 
deep lymph vessels accompany the inaia blood-vessels of the limb and 50 mmprise 
anlcribr tibial, posterior tibiaJ, peroneal, popliteal and femoral sets. I he d«p 
Ivmrh vessels of the foot and leg arc interrupted by the popliteal lymph nodes, hut 
those froni the thigh pass direct to the deep inguinal lymph nodes. 

The deep Ivmph vessels of the gluteal and ischial regions follow the course ol 
the corresponding blDod-vcssels, 'niose accompanying the BuperioT gluteal vessels 

end in a lymph node which lies on the intrapclvic portion of the superior glutral 
artery, near the upper border of the greater sciade foramen, 'rhosc following the 
inferior gluteal veasds traverse one nr tivo small lymph nodes which lie below the 
pirifomtifl muscle, and end in the internal iiiac lymph nodes. 


THE LYMPHATIC DRAINAGE OF THE -■yjDOMEN AND PEI.VIS 

Tlte lymph from most of the abdominal wall and from all the alxlomlnal 
viscera except a small part of the liver is returned to the blood-stream f/d the 
thoracic duct. The Ivmph vessels run with the corresponding arteries. The lymph 
nodes comprise a large numljer of outlying. intcrmedijiTy groups which an: placed 
along the arteries concerned, and a smaller number of icnninal groups which are all 
in dose relation with the abdominal aorta. 

The lumbar lymph nodes comprise three priticipal groups of tcrtninal lymph 
nodes and one subsidiary- group, each of which, though not sharply separated from 
the otlicr* topographically, nevertheless has its own particular area of drainage for 
the most part. These four groups arc named according to their relation to the 
abdomitisl aorta, vix,, pre-aorric, lateral aortic (right and left), and retro-aortic. 
Thr pre-aortie group drains the viscera supplied by the ventral branches of the 
aorta, i.e. the abdominal part of the alimentary- canal and its deri vaiivta. The btemi 
aortic ^oups drain the viscera and other at nirtures supplied by the lateral and dorsal 
branches of the aorta and meivc the eiferent* from the large, outlying groups 
associated with the iliac arteries. They therefore constitute the teiminal groups for 
the suprarenal glands, kidneys, ureters, teste*, ovaries, pelvic viscera (apart from 
the gut) and the posterior abdominal wall. The retro-aortic ^up has no particular 
area of drainage, Although it may have been primarily assoefated with the drainage 
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of the posterior abdomimJ wall, it may be regarded as being formed bv outlvinii 
members oj both laieral aortic groyps. - . * 

/Ji Tjje PftE-AOJiTic Lymph Xooes an^u theih Area 
Drainage 

.T''' lymph nodes lie in close Telationship with the anterior surface 

receive lymph from die outlying, Intetmcdiarv 
lymph glands associated with the subdiaphmgmatic part of the alimentarr canal, the 
pantresa. liver and aplctn. Their efferents unite to form the ifttnk, which 

en era le cistcrna chyin They arc ^visible into cccliac, superior mesenteiie and 
imerior ntewnteno groups, which are in intimate rclatkmship with the origins of the 
artencs or the same names. 

In the alimerjt^ canal the lymph %'essel5 begin as minute subcpitlieliaJ radicles 
bhnd at one end but owning at the other into a fine perig/ondubr pitxtis. In the 
small mt«Qne a central lacteal occupies each villus, From the periglaniiular pJesus 
%'^ls pierce the miiwtilans mucos® and join tlie subrnHeom piesnit, effenrntjs from 
vtnicfi pass through the muscular coat, where tiiey anastomose more or less freelv 
With ve^Is draining the muscular coat. The submucous pic*us U also joined by 
vessels from the Ivmph^paces at the bases of the aolitarv lymph nodules. The 
hVTnphatiffl of the intestmai muscle drain into a plexus of vessels found mainly 
1.1 fr <Iic foogitudind and circular coats. The collecting vessels from botli sete 
l«vc the gut by piercing the muscle and entering larger vessels w hich follow the 
Beiliss m the megentery. 

1 vessels from the alimentary canal pass througii outiving groups of 

lymph nodes before reaching the pre-aortic group. - £ B R oi 

I. The erelfoc lymph nodes and their areas of dminage,—The crelmc 
Lymph nodes he on the front of the abtiominal aorta close to the origin of the 
^ terminal group for the stDiruch. duodenum, liver, gall 

bladder, pancreas and spleen, and their aiferents are derived from tlie outlvine 
Ij^pli nods winch are placed along the branches of the cccUac artery. Of these 
mere are therefore, three mam sets, via.—gastric, hepatic and pancreaficoaplenic 

riJ. , ■ 79 ^) of three seta, left gastric, 

and pylc>nc, 

1 he left Rasiric lymph nodes lie along the left gastric niierv und are divisible 
into three poups, vw ; {a] upprr, on the stem of the artery i fft) lorirr, associated 
with the descending branches ot the artm along the cardiac half of the lesser 
curvature of tile stomach, between the two layers of tlic lesser unicniutn ; and 
(fj paracdr^re/ disposed m a manner comparable to a chain of beads around the 
ranliac onhec of the stomach (Jamieson and Dobson).* Thtv receive ihdr alforente 
nwfos'”"^ : focir efferents pass to the Ctcllac group of pre-anrfic lympli 

immher, lie between 

me hvo layers of the greater oraentujii along the pyloric iialf of the greater curvature 
ot me stomach tn relation with the vessels of the same name, Thev receive alTcrents 
troni the stomach : ihcLr clfcrents mnstly pass to the pyloric Ijunph notlis. 

1 he pyloric lymph nodes (suhpyloric lymph glands of Jamieson atid Dobson), 
huiror five m number. Itc in close rel.vtion to the bifurcation of the gasiro-dij.idenai 
ancry, in the angle between the auperinir and descending parts of the duodenum ■ 
an ouilymg member of this group is sometimes found above the dumienum on the 
right gaatne artety . They receive alforems from the pyloric part of ihe stomach, 
tuc hrst part of tile duodenum, and t)ie right gistfu-i-piph>ie lymph nodes; their 
®ncrents cud m the cezliac group. 

(u) The hepatic lymph nodes (% yyt J arc related to the stem of the hepatic 
artery', and extend upw ards akmg the hile-ducl, betw«n the two layers of the lesser 
omimtum. as far as the porta hepatis; one menibcr of this group, temieti the mf/V 
(ympA iWr, IS placed near the ticck of the gall-bladder. Tlie Ivmpii nodes of tlie 
hepatjc chain r^jve affereiite from the stomach, duodenum, liver, EuU-bliidder and 
pajicrya$ ; their efferents join the cu:liac grotjp. 

lymph nodes (fig. 71*3) accompany the splenic 
anery, and arc situated in relation to the posterior surface and upper border of the 

* j K. Jnirtinon and J. F. Dohson, LtiHcft, April -sth «nd S71I1, 14,07. 
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fMiacrcas ^ one or two membefs of this group nre found in the ^irosplenic lipi* 
inent." Their affe tents are derived from the stomach, spleen, and pancreas; tnetr 

efferents join the coeltac group. , » j 

ffl) The lymphtmk dr9inagt 0/ the stomaeii and dwideaum.— Vhz lymph ««««»»/ 
fAe itomuh (figs, 791. 79*) a« continuous at the wrdiac oi^cc witii th^ of^c 
Bsophagus, and at the pybnu with those of the duodcniim. Th<^ follw b**^; 
vesscls for the most part, and may he arranged in four sets. Acs^ls of the first 
set accompany the branches of the left gastric artery, receive mbutancs from a 
large area twi both surfaces of the stomach, and terminate in the left gaatne iTOph 
nudes. Those of the second set drain the fundus and body of the stomach on 
tJtc left of a line drawn vcnically from the (esophagus; they lie, more or less 
closeIv, along the short aastrie anil left gastm-cpipluic vessels and end in the pan* 
creaticosplcific Ivmplt nodes. Vessels of the third set drain the right part of the 
greater curvature as far as the pyloric portion, and end in the right ™tit>-<piploic 
lymph nodes, the efferents of which pass to the pyloric group. Those of the 
fourth set drain the pyloric portion and pass to the hepatic, pylonc. and left gasinc 


Kig. The Ijjniphmtic drainMipf uf (he ^romifrch, cnx jind Dobdois,) 

jPanKirfWiuj 



Ivmph nodes. Although tlie vessel# of these sets communicate with one another, 
their valves are arranged eo that the Ivmph flow is directed from the right part of 
the stomach towards the lesser curvature and from the left part towards the greater 

curvature.t , . . . . , * j . • . 

Tlie ivtnph nesstls of the duodenum comprise an anterior and a postenor set, 
which open into a series of small pafterealicoduodefial lymph mtdet, on the anterior 
and Dosierior parts of the groove between the head of the pancreas and the duo* 
denu^ The efferents of these gland# run in two direettons, upwards to the hepatic 
lymph nodes, and downward# to the pre-sortjc lymph nodes around the origin of 

iiic superior mesenteric artery. 1,11.. .ru it .* i.. 

(4> I’lic lymphatic drainage of the Atvr and ga/M/aJdre.—The coUectuig vessels 
from the liver are divkible into two main groups—supe^cial and drap. 

The tuperfieial lymph veaeb of the iwer run in the guhscrous areolar tissue over 
the whole surface o^he organ, they drain in four directions, (i) From the tnkldlc 
«iri of the oostcrior surface, from the caudate bbc, from the postenor part of the 
Snvex surfaces of both lobe# near the attachment of the falciform ligament, and 
from the posterior pan of the inferior surface of the right lobe the vessels accompany 

* J. K. Jamieson and J. F. I>ot«eo, April a«h and ayth. iw- 

i J M. Gray. J. , 7*. *037- 
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the rnfcHor vcoa cava and cod in nodes round ihc icmiinal part of that vesseJ* 

(2) The veasek iirotn the remainder of the inferior surfa^, and from the anterior 
part of the eonvae suifaoc of both lobes near the attachment of the faldfom liRa- 
meiilp converge on the ponu hcpaiia and end in the hepatic group of Ivmph nodes. 

(3) From the posterior part of the left lobe a few vessels pass towards the rcaophageal 
opening in the diaphragm and end in the paracardial lymph nodes. (4) From the 
remainder of the convex surface of the right lobe one or two trunks accompany ihi 
phrenic arten^ across the right eras of the Diaphnigm and end in the cceliae fymph 
nodes* 

The iymfih VHseis of the liver join one another to form ascending and 
descending tninka^ The ascending tFunl^ accompany the hepatic v'eins and, 

Fid+ ^01.^ —The ijTnph vemti and of due steiuach, etc. The atoniod) ha* been 

turned upwarda^ (Jiufiie&on and DehtonO 



passing through the vena ca%'al opciung in the diaphragm, end in the Jymph nodes 
round the tenriination of the interior vena cav-a. The descending trunks emtigc 
from the porta hepatis and end in the hepatic lymph nodes. 

'Fhc colJecting vessels from the gaJLhladder pass to the cyatic hinph node and 
the hepatic lymph nodes; those fa^tn the bile-ducts end in the hepatic lymph nodes 
alongside the bile-^duct and in the upper pancrcaticoESplenic lynuph nodes. 

(f> The fymfrhutk drainage of thi pancrens^^The Jymph vessels of the pancreas 
follow the counse of its blond-veasek. Most of them end in the pancreaticospknic 
lymph nodes, but st^mc end in the lymph ncK!€s along the paucreaticoduodena] 
vessels and others in the superior mesenteric the pre-aortic nodes. 

(d) The iymphatk drainage of ih spleen. —T^e collecting vessels from the 
capsule of the spleen end in the pancreaitcosplenic lymph mxlcs. 

2. The superior and inferior mesenteric lymph nodes wid ibeir area of 
drainage.—The superior and inferior meseriteric lymph nodes lie on the 
front of the abdominal aorta dose to the points of origin of the arteries of the same 
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names. They are the tcmuOiil gfoupfl for the alitncfitary caitaJ from the ducKJeno- 
jejtmAL flexure to the upper part of the roctum, and revive afFerentH from the out- 
l^'ing groups which lie idotig the jejuiial+ ileah colic and superior rectal artcrieSh 
(d) The fymphatk dridfi^^ fl/ the j^unum and iietm* —The Jaefeak pass between 
ilie Invert of the mesenter). hiit, before reaching the superior mesenteric lymph 
nodes] the lymph ihmugh the lymph nodes of the mesentery. 'Fhcac var\' 

from one hundred to one hundred and fifty in number and compriBc three sets, yiz ,— 
sue lying dose to the w aU of Ute intestine amongst the terminal twig^ of the jejunal and 
ileal arteries : a second, in rdatjon to the loops and primary branches of the sarne 
vessels ; and a third, aioug the upper pan of tJte trunk of the superior mesenteric 
artery. The lymph from the terminal few Inches of the ileum follows the ileal 
branch of the ileocolic arteiy^ to end in the ileocolic Umph nodes. 

Fjo. 7^3,—The lymph veueb and node* of the catoim icid vermiform BtpFw;fidb. 

Anlodorai^pcCI. Llsmacwn nod Dobion.) 


i>U^»dimvnu 



UpjitT ^fmap of 
HwitJX 


LeiPer jpijMp of 
(ymph 
nod*.* 


AffpUrd AnaTomy ,—Enlargement af the nursenterie lymph nodes is seen in mget 
diseased conditions of the intestinal Crsct, and is well msrk<^ in enierk fevett tuber¬ 
culous ulceration or maligrianr growths of the boweL The enkn^ lymph nodes can 
often be palpated through the wall of ihc abdomcii. 

(6) The iymphattc drainage a/ the colon. —^The Itmiph from the colon drairifi biio 
both the superior and the inferior mesenteric lymph nodop in accordance with the 
arterial supply of this part of the Outlying groups of lymph nodes, which are 
placed along the course of the cohe, ileocolic and superior rcct^ artcri^, are inter¬ 
posed oa the pathway of the colic lymph ve^ls. 

llie lymph nodes of the colon sre divided into four groups: (a) epicoHCp 
(fr) panacolic, fr) intermediate cotie and (if) terminal cohe. 

I'he epicotic tympH nodtf are meiely minute nodules situated on the wall of the 
gut, sometifnes in the appendices eptploicce. The paracolic lymph nodes lie along 
the medial borders of the ascending and descending colon, and along the mesen¬ 
teric borders of the transverse and sigmoid coton. The iniermediate colic lymph 
nodes lie along the right, middle and left colic arteries. The terminat colic lymph 
nodes are placed on the main trunks of the superior and inferior mesenteric artertes, 
and ate in dinect continuity with the cerreaponding pre-aortic lymph nodes. 

The par^eetal lymph nodes lie in intact with the muscular coat of the 




THE LYMPHATIC DRAINAGli OF ABDOMEN AND PELVIS 903 

rcctuni. Their elferenis pass to an intcTme<liai)e group around the auperior rectal 
artery and thence to the lymph nridia at the origin of the mrerior mesenteric 
artery'. Others pass 10 the lymph nodes at the bifurcation of the cummon 
iJuu artery. 

The ifeoctijic lymph (figs. 793, 794J, from, ten tq t^venty tn number^ 

Fomi a chain arouniJ the ilcCKslic artery, but ahow a tendency to suMi vision into 
two groups, one near the duodenum and another on the lower part of the trunfe of ic 
artery- Where the vessel divides into its terminal branches the chain is broken up 
into several groups, visr.: (s) j W, in relation to Uie iled branch of the aneiy j 
(b) antmor tlfocohc^ usually three in number, in the ilcooecal fold, near the wall of 
the oeeum ; (c) posurht lYsofo/jr. mostly placed in the angle benveep the ileum and 
the colon, but partly lying behind the caecum at its junction with the ascending 
colon : fd) a single lymph node in the mescntciT, of the vemiiform appendix. 

'rhe tymfrh vsMfb of j/ie vrrmiform appendix and MOitn (Jigs. 791. 794) are 
numemus, since there is a large amount of lymphoid tissue in the walla of these parts 



Vami/wm app€n4ix Vitcum 


Pig. 754,— 7 Tie UTtiph vweb ind nad« of the cecum aniJ vermifonn appen^Ux* 
Pcaierior Sfpcct. fjotnincin and Dobpan.) 


Lmtpfr grrmpt ^ 

fym-ph 


of the digestive tube. From the body and tip of the vermiform appendix eight to 
bfteen vessels ascend bettvecn the layers of its mesenteiy', one or two being inter¬ 
rupted in the lyinph nodes which lies in this peritoncdl fold. They unite to form 
three or four vessels, which end partly in the lower and partlv in the upper lymph 
nodes of the ileocolic chain. The vessels from the toot of liic’ vemufoim appendix 
and from the esecum comprise an anterior and a posterior group. The anterior 
vessels pass in from of the tacum, and end in the anterior ileocolic lymph nodes 
and in the upper and lower lymph nodes of Uie ileocolic chain; the posterior 
vessels ascend over the back of the eecum and termiitatc in the posterior ileocolic 
lymph nodes and in the lower lymph nodes of the ileocolic chain. 

Lymph vesstb of the eoim f% —The lymph vessels of the ascendii^ and 
transv'crse parts of the colon end in the superior mesenteric lymph tiodea, after 
tcav'ci^ng the right colic and middle colic lymph nodes. Those ofthc descending 
an<l sigmoid parts of the colon are interrupted by the small lymph nodea on the 
branches of the left colic arteries, and uliLRiately end in the pre-anrtic Ivmpb nodes 
around the origin of the inferior mesen teric artery. 

{cj 'llie fymphatk diraiHoge of the tettum and aaol rnwo/.—From the upper lialf, 
or more, of the metum the lymph vessels pience the wall of the gut and ascend along 
the superior rectal vessels, through the pararectal lymph nodes to reach the nodes in 
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the Iciiver part of the aigmoitl mcsocalun and those assoclaicd u ith. tlic inferior meaen- 
tcric arter>\ From the lower half, and from the ana! catiiJ dmve mucocaiartrous 
juncfiori the lympli flow pas^ upwards to pJence the wail of the gut and accompany 
the middle rectal VMSck lo the imemal iliac lymph nodca. Some of these are said lu 
pierce the insertion of the levator aid muscle and to ^In the ischio-rectal fossa and 
there they accompany the inferior recta! and internal pudendal vessels and so reach 
the iniemal iliac nodeSh 

The lymph vesseb of the anal canal ftr/ewi: the /unciioii descend to 

the anal margin and then pass laterally to rtrach the most medial of the superPtcial 
iriguinal lymph nodes. 


Fic* 7^;^5, —^'rht h-mph vra^ nod hodeS of tise colon. (Jamicaon and Dotnon.) 



B . Th£ Lateral AoRTJtr Lymph Nom and their 
Area of Dhainaoe (fig. 796) 

The lateral aortic lymph nodes lie on each side of the alxlominal aorta in 
front of the medial margin of the Psoas major^ the crtis of the Diaphragm and the 
sympathetic tnink- Qn the right side some members of the group lie to the lateral 
side of the Inferior vena cava and Ln front of the vessel near the termination of the 
right renal vein. .Afferents reach the lateral aortic lymph nodes from the structures 
supplied by the lateral and dorsal branches of ihc aorta and from the outlying 
lymph nodes associated with the iliac arterii^ and their branches^ Efferents fmm 
the Utenal aortic hmph nodes on each aide form the kmbar trunks and the right and 
left lumbar trunks terminate in die cistema cbyli. A few' efierents may pass to the 
pftftOTtic and rctm-aortk groups. 

The lymph vessels from the kidney and die abdominal portion of the ureter, 
from the posterior abdominal walh from the tf^tis in the malc^ and from the ovary, 
the uterine tube and the upper part of the uterus in the female all pass directly to 
ihc Laimtl aortic lymph nodes without being intemipted in any intermediate 
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group. The Jymaph vessels from the pelvis jmd most of the pel vie viscera and 
from the tateral and anterior parts of the abdominal tvall pass first through outI>dne 
groups which are associated for the most part with the iliac arteries anil some of their 
branches. They include the following groups: 


Common iliac^ 
Extemat iliac. 
Internal iLiac. 


Inferior epi^tric. 
CircumfltJt iliac, 
SacraL 


V IC, 7^6, *ll]c IjTnph nodci of the peivign Serni-iiiAgrmnmgtk, 


/Vtf-iWffic lifmph 
aoriic 


inif tTiat iUfit. 
iymph 


Common 


ilifan 

fy^ph 
modus 

Lettfrul 

nedtt 


common iiioe iymph four to six in number, are grouped behind and 
on the sides of the oomrtion iliac artery, one or two being placed below the bifurca¬ 
tion of the aorta in frani of the fifth liimhar vetebta or the promontory of the 
sacrum. They receive afferenta from the extemaJ and intenwl iliac Ivmph nodes 
and send their efferents to the lateral aortic group. * * 

The external iliac lymph nodet, about eight to ten in number, lie aJoiijj the 
eicte™j iliac veascia, Tliey are usually in three groups, one on the laierersidc 
another on tlic medial side, and a third in front of the vessels, but the last-named 
1 r j 
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f :roup ie inconsiani. They tcctivt sitfcncnt^ from the inguinal tjTnph nodes {p. 896), 
roRi the deeper byers of the Infr^-umbilicali part of the aLKloTninfll wall, from the 
deep part of tile adductor region of the thigh, from the glans penis vel elitoridis, the 
membranous urethra^ the prostate. Use fufidiLa of the urinjiry bladder, the cm’ix 
uteri and part of the vagina. Their effemots pass to the common iliac lymph nodes. 
The injmor fpigaitn^ and tlic i^trcamjiex itiac tymph nWrjf^ ii^^'hich are associated w’irh 
the vessels of the same names and drain the earrespopdiRg areas, are outlying 
rnembers of the cxtcmil iliac group, ^rhey arc inconstant in nund'ser. 

The internal lYi'oe lymph wtwffj surround the internal iliac vessels. '^I'hcy receive 
afferent^ from all the pelvic viscera, from the deeper parts of the perineum, and 
frum the muscles of the buttock and back of the thigh. Their cHerents pass to 
the comnnon tliac lympli nodes. The tacral lymph roj/cj, which are placed 
along the median and btcial sacral vessels, and the ^tuFator lymph which is 
sometimes present in the obturator canah ^re outlying membra of the imemaJ 
iliac group, 

u The lymphaiic draiaage of the urlrtary tract*—(a) The kidfity .—Tlie 
lymph vessels of the kidney begin in three plejruses : one in the substance of the 
organ between and around the renal tubuti:^ ; a second bcncalh the hbrous capsule ; 
and a third which comniiinicaics freely ^vitlt the subcapsukr plexus, in the renal fat* 
I'hc collecting %'csscls from the idtrarcnal plexus form four or five trunks which 
follow the tenal vein and end in the lateral aortic lymph nodes ; as. they issue from 
the bilus they are joined by the collecting vessels from the subcapsular plexus^ 'Fhe 
plexus m the renal fat drains directly into the lateral aortic lymph nodes. 

The urftrr,—^'Fhe lymph vessels of the ureter begin in submucous, intra¬ 
muscular and adventitial plexuses which cotnmutiEeatc with each other. The 
collecting vessels from the upper part of the ureter may join the renal ctdJecting 
vessels or may pass directly to the lateral aortic lymph litjdcft near the origin of the 
testicular (or ovarian) artery ; those from the succeeding pan pass to the common 
iliac lymph nodes ; and those from the pelvic part of the ureter may end in the 
common, the external or the internal iliac lymph nodea, 

(c) The bladder .—The lymph vessels of the bladder (fig. 797) take origin in three 
plexusea—a submucous,* fln intnimuscular and an cxtramuscular. The collecting 
vesselsp nearly all of which end in ihc external iliac lymph nodes, art arranged in 
three Sets i the vessels from the region uf the trigone emerge on the base of the 
bladder and run upwTirds and laterally ; those from the superior surface converge 
on the posterolateral angle and then pass upivards and ktcrally across the lateral 
umbilical ligament to reach the external iliac lymph nodes (one of the vessels af this 
set trmy go to the inlermil or common iliac group); Uiose From the inferubtenil 
surface psiss towards its upper pan and then run with those from the superinr 
surthce* Minute nodules of lymphoid tissue may be found along the course of the 
lymph vessebi of the bladder. 

(J) The urethra^ —(i) The vessels frotn the prostatic and membranous parts in 
the male, and from ihe whole urethra in the female* pass mainly to the internal iliac 
lymph nodes i a few may end in the external iliac Kvnph nodes* The vessels from 
tKe membranous pan accompny the internal pudendal artery. 

(ii) The vessels of the spongy urethra in the male acoorapany those of the gbns 
penis and end in the deep inguinal lymph nt>des (p* S96). ^yme may temtinatc iti 
the supcrticiat inguinal Jymph JiodLs, and others may puss along the inguinal caiml 
to reach the cxtcniaJ iliac group. 

a. The lymphatic drainage of the male reproductive organs.— (a) The 
miis .—The lymph vessels of the testis commence in tivo plexuses—a supe^ciah 
under the tunica vaginalis, and a deep, in the substance of the testis and in the 
epididymis. Four to eight collecting trunks osemd in the spermatic cord and 
accompany the testicular vessels as they lie on the psoas major muscle ; they end in 
the lateral aortic and pre-aortic lymph nodes, f 

(b] llic dtttiuj drjrrenj, ifVtituit vciklr and prtiSSair .—The collecting vessels from 
the diicrtus <lefercnrs end in the external iliac lymph nodes. Those from the seminal 
vesicle go u> twjth the internal and exicmal iliac groups. 

■ Sec Midtiiiw r.plraioirt dei tw >4 im>iyi>rt, 1. Albsrraji^ Pori*, 190^ ; end 
iymphitfi^ri dt J h RouTifcre, Puri*, 1931. 

t " The Lymphatic* of the TMiicEc," by J. K. JjunieKin anJ J. F. Dob*on* 

Febninr}' lijrOO. 
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Th* prostatic lymph vessels termiiiato chiefly in the internal iliac and sacral 
IjTOph nodes r a trunk from the posterior surface passes with the lymph vessels 
of the bladder to the estcmal iliac nfKlca, and another from die anterior suiface 
gams the internal iliac group by joining the lymph vessels 0/ the membranous 

iirclhrsi^ 

(e) The s^fam aad ptnu.—The skin covering these parts is drained bv vessels 
which, together with those of the whole of the perineal skin, pass along the ^urse of 
the external pudendal blood-vessels to the siiperJidal inguinal Ivmpii nodes. The 
lymph vessels of the glans penis pass to the deep inguinal and external iliac groups. 

Fro, 707.—The tymphiiic dmiruse af the urtruiry- bludder. Semi-JiaaraRiniauc, 
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3- lymphatic drainage of the femaJe reproductive organs ffig, vggV_ 

(n) ITie oOfliT.—The lymph vxissels of the orary, like those of the testis, ascend 
artery to the lateral aortic and pre-aortic lymph nodes, 
f ) The ut^ui and afenaf (ufe.— 1 he lymph vessels of the uterus comprise two 
sets ; a supcrfidal, beneath the peritoneum, and a deep, in the substance of the 
utenne wall. The collecting vessels from the cervix pass in three directions; 
latenilly 'O the parametrium to ihc cxtemal ilisc lymph nodes ; posicrolatcrally to 
the internal iliac lympJi nodes ; and backwards in the sacrogeniial fold to the sacral 
lymph nodes. Flie vessels from the lower part of the boUv pass mostly to the ex¬ 
terna! iliac lymph nodes, accompanying those from the cervix. From the upper 
part of the b<^y, the fundus and the uterine tube the vcsmIs accompany those of the 
ovary- to the lateral aortic and pre-aortic lymph nodes; a few. However, pass to the 
external iliac lymph nodes. The region near the point of entry of the uterine tube 
js drained hy vraaels which accompany the round ligament and so reach the super- 
preg^^'***^ nodes. The lymph vessels of the uterus enlarge greatly during 

(f) 'Hie enWrM.^Thc Ivmph vessels of the vagina anastomoae with thoae of the 
cervix uteri, the rectum and the vtilvu. They are in three groups, but the areas 
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drainerd by the three sets are oor sharply deinarcated^ Tbc vessels from the upper 
part act^mpany the ui:eKne artery to the externaJ iliac lymph nodes. Hie middle 
part is drained by vcsscLs which accompany the vaginal artery and end in the external 
iliac lymph nodes. The vessels of the stigina below the hymen^ the vulva^ and ihe 
skin of the perineum as a whole pass lo ihc superheial liguinal l^Tiiph ncnles. 

4. The lymphatic drainage of the abdominal walL^The lymph vessels of 
the abdominal wall are in two sets ; e^uperhcial,^ in the superlieial fascia ; and deep, 
draining the muscin, etc. 


Fio. 7ghS.—l*he lympihstie dniiiiti}$c of the fciimle reproductive orjjani, 
Scmi-Hl^nrEUiiEtic. (^tcr Cun^ mid mercdler) 
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Tht iu^/idul tymph tetitU accompany tlie superficial blnod-vcffisds, "rhose 
from the loin and buttock mn ivitb the auperficia] circumflex iliac vessels, and ihoac 
from the skin of the anterior wall below the umbilicus with the superficial epigastric 
vessels, Both sets pass to the superficial inguinal lymph liodcs. The part above 
the umbilicus is drained by vessels meat of which run obliquelv upwards to end in 
^e pectoral and subscapular groups of the axilki^' lymph nodes; a few end in the 
internal tlidracic lymph nodes. 

'I'he deep lymph neutls scccimpany the deep arteries, Those from the posterior 
abdominal wall pass directly, along the course of the lumbar arteries, to the lateral 
aortic and retro'aortic lymph nodes; those from the upper part of the anterior 
abdominal wall run with the superior epigastric vessels to reach the internal 
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thoradc lymph nod^ - thoic of tht lower part end in the circumflex iliac^ mfertor 
cpi^tric, and extemd iliac lymph nodes. The lymph ves^ls of die pcJvic wall 
follow the iniemal iliac artery and its parieiaJ hranchca and end in the iliac or lateral 
aortic Jymph nodca. 


THE LYftlJ^HAl^rc DRAINAGE OF THE THORAX 

'l"he lymphatic drainage of the thorax may he considered under two headings 
(ii) drainage of the thoracic walls, and (b) drainage of the thnracLC comcnis. and ir 
should |>e noted that the lymph nodt^ on the lymphatic pathivavTS of the thorax 
cannot he divided into terminal and outlying groups, as. with a few exceptions, the 
lymph mxles eonctrned drain into tiie thoracic duct or the Hghi lymphatic duel or 
one of dieir larger in butanes. 


A. Lymphatic OhaisTiVce of tiii? TiioiiAcic Walls 

I* The superfiaaf tirsuij .— The sgpcrficbl lymph sxssels of the thoracic wall 
ramify hcneaih the skin and converge on the axillary^ lymph nodes. Those over the 
tripes.tu.4 ^d lati^imus dorsi run fonv'ards and unite lo form aboiii ten or twx^lve 
jj-unks which end in the siibscapular graiip. Those over the pectoral region, includ¬ 
ing the vessels from the skin covering the pcriplieni] part of the mammary gland, run 
baekwardSp and those over the sciratus anterior upwards, to the pectoral group. 
Others near the lateral margin of the sternum pass inwards between the rib cartilages 
iind end in the internal thoracic lymph nodes, w hile the vessels of opposite aides 
anastomose across the front of the sternum. A few vessels from the upper part of the 
pectoral region iiacend over the ciavide to the inferior deep cervical Ivmph nodes, 
2, 'Fhc Je^prr rijraej.—Fbe lymph vessuk from the deeper tissues of" the thoracic 
W'alls dniin mainly into three sets of lymph nodes—the internal thoracic, the intef'^ 
costal and the diaphragmatic, 

(fl) The intemaJ ihoracie lymph nodes are four or five in number on 
each side, and arc placed at the anterior ends of the intercostal spaces, bv the 
side of the internal thoracic artery,* 'Fhcy derive afferunts from the medial 
part of the mammary^ gland, front die deeper structures of the anterior abdominal 
wall above the level of the umbilicu^jp from the upper surface of the liver through a 
small group of lymph nodes which lies behind the xiphoid process, and from the 
deeper parts of the anterior portion of the thoracic walL Their cfTerenta usually 
unite to form a single trunk ; this may open dircedy into tlie junction of the internal 
jugular and subclavian veins, or that of the right side may join the riehl subclavian 
trunk p and that of the left the thoracic duct, 

(h) The intercostal lymph ucHles Tie in the posterior parts of the intercostal 
spaces and in relation to the heads and necks of the ribs* They receive the deep 
lymph vessels from the posters-lateral aspect of the chest \ some of these vessels 
are interrupted by small lateral intercostal lymph node^. The eflerents of tlie 
lymph nodes in the lower fonror five spaces unite to form a trunk w^hich descends 
and opens either into the cistema chyli or into the commenceineut of the thoracic 
duct. The ciferents of the lymph nodes in the upper spaces of the left side end in the 
thoracic duct;^ those of the corresponding right spaces, in the right lymphatic duct. 

(c) The diaphragmatic lymph nodes lie on the thoracic surface of the dia¬ 
phragm. and consist of four seta, anterior, right and left lateral and posterior. 

The anfmoF set comprises (a) two or three sniall hmph nodes behind the base 
of the xiphoid process, which receive afferents from the convex surface of the liver, 
and (h) one or two lymph nodes on each side near the junction of the sev enth rib 
with its cattiLigCp which receive lymph vessels from the front part of the Diaphragm. 
The efferent vessels of the anterior set pass u> the Interna! thoracic lymph 
nodes. 

The latfrni sets consist of two or three lymph nodes on each side close lo 
where the phrenk nerves enter the Diaphragm, On the right side some of 
the ^mph nodes of this group lie within the fibrous wall of the pericardium on 
the front of the temilnation of the inferior vena cava. The alfcrents of this set 
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are derived frciin ihc middle part q( the Diaphragm, thaae on the right side also 
receiving aJferents from the convex surface of the liver. Their efferents pass to 
the posterior mediastinal lymph nodcs^ 

The ^sftritfr set consists of a few lymph nodes situated on the back of the crura 
of the Diaphragtn, and connected on the one hand with the laicnd aortic lymph 
nodes, and on the other with the posterior mediastinal lymph nodes^ 

'l"he collecting lymph vc&s^^ls from the deeper tissues comprise ] 

(fl) The lymph vessels of the muscles which Ik on the ribs: most of these end 
in the ^illary lymph nodes, hut ^mc from the Pectoralk niajor pass to the internal 
thorttcic lymph nodes* (S) The Iniercostal lymph vessels which drain the Intcr- 
costalcs and parietal pleura “ those from the anterior half of the thoracic wall and 
pleura end in the internaj ihoradc lymph nodes; diose from the posterior hdfp 
in the intercostal lymph nodes, {r) The tymph vessels of the Diaphragm, which 
forari two plexuses, one on its thoracic and another on its abdominal surface ■ these 
plexuses BDastomose freely with each other, and are best marked on the parts 
covered respectively by the picurs and peritoneum. Tftt piexut on ihe iJmrocfc 
jHr/flce unites with the lymph vessels of the costal and mediastinal parts of the pleura, 
and its efferents consist of three groups: anterior, passing to the anterior dia¬ 
phragmatic lymph nodes, which lie near the junction of the seventJi rib with its 
cardrage ; middle, to the lymph nodes on the ctsophagus and to those around the 
termination of the inferior vena cava ; and poaterior, to the lymph nodes which 
surround the aom at the point w here this vessel leaves the thoracic cavity. Tfir 
pifxm on tiu abtlominnl fur/oif is composed of fine vessels, and anastomoses vvith the 
l>mph vessels of the liver and, at the periphen- of xhc Diaphragm, %vhh those of the 
subperitoncal tissue. The efferents from die right half of this plexus terminate 
partly in a group of lymph nodes on the trunk of the corresponding phrenic artery^ 
while others end in the right lateral aortic l^mph nodes. Those frotti the left half 
of the plexus pass to the pre-aortic and lateral aortic lymph nodes and to the lymph 
nodes on the terminal portion of tfie ixsophagus. 


B . Lympilmic Draixags of tiie Thomcic Co.ntents 

The lymph from the thoracic viscera traverses one or other of three sets of 
lymph nodes, viz: brachiocephalic, pnsicrior mediastinal and tracheobronchial, 
before entering the thoracic duct, the right lymphatic duct or another lymph 
vessel w hich itself enters one of the great veins at the ttnA of the neck. 

Tile brachiocephalic lymph nodes arc placed in the anterior part of ihc 
superior mediastinum, in fmnt of the bruchioccphalic veins and the large arterial 
trunks which arise from the aortic arch. They receive atferents from the thymus 
and pericardium, and from the lateral diaphragmatic lymph nodes ; their efferents 
unite with those of the tracIlHjbronchial lymph nodes, to form the right and left 
bronchomcdtasttnal trunks. 

The posterior mediastiml lymph nodes he behind the pericardium in 
rcladon to the cEauphagus and descending thoracic aorta. Their afferenta arc 
derived from the tesophagus, die posterior part of ihe pericardium, the Diaphragm, 
and, occasionally, the left lobe of the liver. Th^it efferents mostly end in the thoracic 
duct, but some join the tFacheobronchial lymph nodes. 

The tracheobronchial lymph nodes {%. 79^) form five main groups, and 
include some of the largest lymph nodee in the body : (a) at the sides 

of the thoracic part of the trachea; (^) supmor trocfteobtonahal, in the angles 
between the lower part of the trachea arjii bronchi t (c) ju/mbr trachcohronchiaf in 
the angle between the two bronchi; (d) ^rondiopuimoji^ryy in the hilus of each 
lung ; and (e) pulmonary, in the lung substance, on the larger branches of the 
principal brnnehu 1 hesc groups are not sharply dcTnarcatcd from one another. 
The pulmonary lymph nodes become continuous'at the hiluA of the lung with the 
bronchopulmonary' lymph nodt^, and they in turn arc continuou:^ with the inferior 
and superior tracheobronchial lymph nodc&, w hile the latter are continuous w ith the 
paratracheal group* II10 aHerenls of the trachmbronchial Ivmph nodes drain the 
lungs and broncht^ the thoracic part of the tnichca, and the heart; some of the 
efferents of the posterior mediastinal lymph nodes also end in this group. Their 
efferent vessels ascend upon the trachea and unite with cffereniz of the internal 
thoracic and brachiocephalic lymph nodes to form the ri^/u and hft ^ronctiGmfdioj- 
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final trunks. The right bronchomedk^rmal inink may join the right lymphatic 
duct, and the left the thnradc dtict^ hut more frequently they open independently 
of these ducts into ihc junction of the internal ju^lar and subclavian veins of their 
own side. 

ApplUd 1 n all to^vn-dwellcnj there are concinLudly bein^ swept into 

these Ij'rnph nodes from the bronchi umd alyeoli lari^c quantities of the dust and black 
carbonaceous pii^ent that are so freely inhaled Ln cities. In primary tubercuJoflIa of 
the lun^ these lymph nodes are practically alwaj's infected ; tliey enlarffc, being 
titled with tubereulous deposits thut may soften, or became fibrous, or calcify. Not 
infrequently an enlarged tuhercutous Kmph node perforates into u b tone bus, discharg-^ 
ing its contents into the tube. WTicn this happens there ia great danger of acute 
pulmonary Tuberculosis^ the infecting nodal-substance being rapidly spread through¬ 
out die bronchial s^^tem by the coughing induced by its presence in the air-passages. 


hiG. 7^9.—The lymph ncHlei of the trachea, bronchi and lunKSn 
(Afier 
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I, 7 V« lymphatic drainage of the hearts —The lymph vessels of the heart consist 
of two plcjttiscs : (jt) deep, iitiTncdiately under the endocardium, and (^) supcrficiaf, 
subjacent to the viscenil pericardium. The deep pJexus opens into the superficial, 
the efferents of which form left and right collecting trunks. The h/i trunks, two or 
ihrce in number, ascend in the anterior inierv'cntricular groove^ receiiing, in their 
course, vessets from both ventricles. On reaching the atrioventricular suicua they 
are joined hy a large trunk from the diaphragmatic surface of the heart, and then 
unite to form a single vesseh which ascends between the pulmonary trunks and the 
left atrium, and ends, usually, in one of the inferior tracheobronchta] lymph nodcs^ 
The right trunk receives its afferents From the right atrium and from the right border 
and diaphragmatic surface of the right s^cntricle. It runs upwards in the coronarv 
sulcus, close to the right coronary artery^ and then ascends iq front of the ascending 
aorta to terminate in one of the brachiocephalic lymph nodes, usually to the left of 
the median plane. 
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LYMPHATIC SYSTliM 

a. The lymphuiit draint^e t>f the hmp and pieum .—The lymph vessels of the 
lungs originate in two plexuses, a supetfidal and a deep. The superficial plexus is 
placed beneath the pulmonary pJeuira; the deep acwmpanids the branches of the 
pulntonary vessels and tlic ramiheations of the bronchi. In the case of the larger 
bronchi tJic deep plexus »inaists of two networks^ submucous, beneath the 
mucous membwe, and a peribronchial, outside the walJ* of ihe bronchi. In the 
smaller bronchi there is but a single plexus, which extends as far as the bronchioles, 
but fails to teach the alveoli, in the walla of which there are no traces of lymph 
vessels. The superheiaJ elTerenis turn round the borders of the lungs and the 
margins of their bssures, and converge to end in the bronchopulmnnary Ivmph 
nodes; the deep efferents are conducted to the hituB along the pulmonary v^ela 
and bronchi, and end, for the most pan, in the bronchopulmonary lymph nodes. 
No free snostomoais occurs between the superficial and deep Ivmph vessels of the 
lungs, except in the region of the hilus. In the peripheral pans of the lung small 
connecting channels do exist between the supcrhciol snd the deep lymph vessels and, 
although tlicy are difficult to demonstrate in injected specimens, they are capable of 
becoming dilated so as to direct the lymph flow from the deep to the superfida] 
vessels, wlwn the outflow from the deep vessels is obstructed by disease of the lung 
or pulmonaiy lymph nodes. At the bottom of the fissure the lymph vctssels of the 
adjoining lobes communicate with one another, so tluit aUhough there ia a generaj 
tendency for the lymph vessels from the upper lobes of the lungs to pass to the 
superior tracheobronchial lymph nodes and for those from the lower lohes to join 
the inferior traclicobronchud group, these connexions arc not exclusive. 

'ITic lymph vessels of the pleura consist of two sets^one in the riisccra] and 
another in the parietal part of the membrane. TJtose of the visceral pleura drain 
into the supeiflciaj efferents of the lung, while those of the parietal pleura hav^ tliree 
modes of ending, viz,: (a) those of the costal portion join the lyrnph vessels of tlte 
internal intercostal muscles and so reach the internal tliorade lymph nodes ■ (h) 
those of the diaphragmatic part are drained by tlic efferents of the diaphraem: w’hile 
(c) those of the mediastinal portion end in the posterior mediastinal lymph nodes. 

3, TAr iymphatk drains of tht rAv«w.— The lymph vessels of the thymus end 
in the bracbioccphabc, tracheobronchial, and internal thoracic lymph nodes. 

4. The iymphatk drainage of the The Ivmph vessels of the (eso¬ 

phagus form a plexus round that tube, and the collecfiiig vessels from the plexus 
drain into the posterior mediastinal lymph nodes, Dcliiv,. the vessels coinmutiicate 
with those on the leaser curvature of the stomach. 


NEUROLOGY 


introductory 


E XCfTABKary and oondurtiwty arc iwo of the fundamcnial propcrticB ol 
living pmtopkum whkh ciuiblc ar niganjam tu fcspund to changes or evunta 
in ita cnnronnieni, 1 hose changes or cvents which ewate an organism are termed 
jitmuh whilst the resultani effects are tenriud rttpemies or reaetiom. In unicellular 
and simple organBms such as the attimba the reception of the stimulus, die conduc¬ 
tion of the nesidiiDg disturbance or tmpuUe and the respossc are all carried out by 
the one imss of apparently undifferentiuted protoplasm. In muliicclluLir organs, 
however, mere is a morphological and functional difTercntuitioii of cclk 2nd groupa 
of cells, s^-cialiacd recepim are diffcrentUicd at the surface of the body for the 
receipt of the sumulus and specialised (fftttan, either muscle or secretory cells, 
are differentiated for the response. The communimtbn between the rereptors 

Fio, Am.—D iagntnunitic wpt^tatino wf two stagES m the evoluiiwi oF 
the nio«t pnnumie t>'pe of hhe rv-ou» B>-9teifi^ 
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and effectors is attained cither slowly through the circulatory system by the agency of 
cheniical activators or hormones or rapidly by conducting thrrad-like protoplasiTiic- 
processcs, 'Fhe cells of origin of these prooesses are aerw eeib which together with 
their processes are termed Kwronw. The whole chain, consisting of the receptor, 
conductors and effector, constitutes a reJ 7 «f are* 'I'his in its simplest form, 
includes two neurones icrmed the receptor or rteurtine connected with the 







































































^14 NEUROLOGY 

mcptoT sjid ihc maior ttturom co^lnl?ctc^i wnth fcbe Krik?cto[-. I'he cun- 

iicxioa bcMWcCfi these ncuinotie^ w effTcclt^d at a tynapit in ^vhich there is dose 
Bpptjsiiion hui no protoplusmic continuity het^veen intllvidtid neurones. In more 
comple.s reflex arcs^ other neurones temted thn mirmiinrml nrumnes uitcrvcne 
between the rea?ptor and effettor ftt^umnes without themselves connecting directly 
with either the receptor or effector. 

Tlie three neuTonca, receptor, intcrnunclal and effecSOTp are fuund m all nervous 
systetns- In lower fomis they display a diffuse arrangetnetit. but with increnainE 
eonip 1 ex.ity certain parts hecomc lijcallserf near or in the tritedl&n pllan.'is and constitute 
the rtiffra/ lurvms In the higher vertebrates the cells of the receptor 

neurones, except thi?se in the olfaciory cpiihcliEim, are collected in ganglia and with 
one possible exception (p. 991) remain outside the central nen'oua system. They 
arc connected with fcccpUir end-organs, situated at the surface and wiihm the 
body, by means of peripberaUy directed pmcesscs, the dendrites [see p. and 
with the central nen'^ous system hy ccntniily directed pTiKesscs^ the asons* which 
enter the central nervous system in the srm<fry or afferent roats of the peripheral 
nerves. The Ltitcmuncial neurone and the cell bodicis and dendrites of the effector 
ficurones arc incorporated in the central nervous Aj'stem whilst the axons of tJic 
efferent ncumnes leave the cent raj ner>'<nis s^'Stem in the mat fir or rfssU of the 

peripheral nen'e* (fig. 800 A and B and fig- 801), 

ftoi.—Difliyramilliiatk: Fepreitiniatioii of the ncOlDuta in ti reflex OTC. 
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Owing to the mode of progrcsjunti, the Itctd end \s subject to the greatest 
muntwr of afferent impressiona and this number fs enormously incrensed by the 
development of the olfactory" and visual apparatus in this situation. These factors 
determine the enlargement of the cephalic end of the nerv'-uus system to form the 
hrain hihst the remainder constitutes the jpiW 

The nervous system acts nut <inJy as a conductor hut sjIse> for the integration of 
impulses and the c<M)rdination of the responses. Thf^ biter functions ate possible 
by virtue of the synapses and multiplicity of connexiona which occur between ihe 
cortflti luen I mrumnes. 'I’h is arrangement and the presence of intcmunclai neurones 
connecting the various parts of the centrai nervous system permits the interaction of 
the various iffipulscs which impinge on the body; it aJai pmvidcs one of the princi- 
paJ means for the inicgraiion of the activities of the or^ism m a whole. 

I- n Jer normal rircumstiuices the impulses are conducted towards the cell body 
in dendrites and awTiy from it m axons, but the dcndnics of many sensory cclls^ 
because of their length, are often incorrixrtly lermed mcons. 

11 IE gTRUCrLRi\E COMPONENTS OF THE NERVOUS SYS'mM 
The general features of nervous tissue Iwvc been considered on pages 37 10 44^ 
and it will suffice here to summarise the main points. Neri'c^clls differ from oihtr 
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cells in being highly specialised, in having no centmsome (they Imve kist ihe 
of rcprcKiucUon) and m ei^hihiting Niasl's Iwidiea and ivciirofibriL in the 
They aH::cur iis three mam types, n:mitly^ hEpnlajp tiitipcdar ami multip^jlar nene- 
cells which differ from one another in their shape and in ihc number and arrange¬ 
ment of their priH;c3at.Ti {p. 39), Receptor neurones pijHsess bipolar or unipolar 
nen'u-cells ; ihc nervc^clls of [ntemunci^l. and effcetrir neurones arc niuJtipi^Iar, 
Within t}ie cenir^il ncn'Uus system nerve-ffbrcs are devoid tif ncurolcmnsat ahearhs 
and therefore am not regenerate (p- 43) after they have been severed. 

Receptor netironc!t+—I'hc ncrv'c cells of the retina* the olfactory mucous 
membrane and the cighdi cnmial nerve ganglia are bipolar; all other receptor 
neurones possess unipolar cells. Hoili bip4»lar and unip^ilar neurones have two 
proce$scis^ peripheral anti central. In bipolar neurones the prEieesscs are con¬ 
nected to oppfwite poles of the cell; in unipolar neurones they arise fnnii the cell by 
a common trunk which m^es a T-shaped bifu rent ion soiin after itft origin. The 
peripheral process conveys a nen-c impubc from the appropriate nerv^e-ending in the 
tissues to the ncn'c-cell sitqatcd — except in the case of the ttsusiI and olfactory 
receptors—in the sensory^ ganglion of the nerve concerned. The central proceisa 
conveys the jrnpube from the cell to the centml nen^ous system via the si:nsr>r>' mol 
of the nerve* Before entering the central ncr\^ous system, these processes, which 
conslimte the afferenl or nrrir^fibrcSf are all provided with a ncurolcinmal 

sheath ; they may or may not be myelinated. When the central prfKX-MCS traversing 
I he sensory^ roots of flic nerves cmef the brain or spinal medulla they lose ihdr 
ncurokmmal sheath (p, 43). After enleriog the central nervous system the central 
processes usually give off one or ntorc collatenil branches , these and the lerminals 
of the fibre itself form junctiuns* termed jynripirr, with intemuncial iieiinutes. ^Fhc 
itature of ilit synapse (p. 916) and the lypea of peripheniE receptor endings (p, 919) 
will be discussed later. 

Effecior ncuroiics.—"J’he cells of effector neurones are miiltipobr. CoUcctions 
of these cells form the moior nuclei of tJjc cmnial and spinal nen-es. Their dcji- 
drites and cell bodies fonm synapses with the axons in intemuncial neurones, by 
which they are linked with the receptors entering the nervous system via the sensory- 
ncn c-rewjis * or wdth intcrnunct^ls in other parts of the central nen'ous s^rBicm 
through fibre tracts. ^rJie axms of effector neurones leave the central nervous 
System by the motor roots of the cranial and spinal nert'esp within the cen¬ 

tral nc[^' 0 U 3 system they possess a myelin sheath* but tbe%' do not acquire a ncuro- 
Icmnial shcaih until they pass out from the brain or spinal medulla. 'Die effector 
neurone tfl frrt|Uciiily lerrncd the Jimi/ common mottfr fkith because ii is the channel 
through which the nen e impulse passes to the effector organ, w hether coming from 
i[] tern uncials completing simple reflex arcs in the same segment or from mure 
remote parts of the central TJctvoua system along the great fibre imcts of the brain 
and Spinal medulla, llie mrpde of temnnation of the axons of cfFvclor neurones w^ill 
be described later (p- 926). 

Intemuncial nr connector neurones.—The nctr^e-cclls nf intemuncial 
neurones like thos^f of the effector neurones arc multipolar. With the exception of 
those associated with the autonomic sy'stein (p, 1197) these eclls and their processes 
are confined to the central nervous The dendrites arc comparatively short, 

and branch repeatedly and irregularly cki€e to the cell-body. The axon is usually 
longer ilian the dendrites and may extend as much as too cm. before it breaks up 
into :i terminal arWrisation- It silsti gives off brunches, icmied coffat^tik, one of 
which arisei& near its origin from the neixc-ccH, but eomc* off at right angles to the 
cu II rsc nf the axon an d is easi ly distinguished from the b ranches of q cIl ndrite* Since 
they ilo not leave the central nmuus system* the axons of intemuncial neurones* 
although usually rnedullsied, are devoid of a neuroiemmal sheath* 't'hd intemuncial 
neurones transmit nerve Impulses from receptor neurones to effector neurones. I'he 
link may be a simple one as* for example, In many of tlic spinal reflex arcs confined ro 
rmc segment of the spinal rrjedulJa, wbert the inecinung reccpliir is linked to the out¬ 
going effector by a single, short, intcrnuncbl neurone. On the father hand* a 
number of iiUcrnuncials may' lie mterpoaed between the receptor and the effector 
neuronea* CJf tJtese some may carry irnpuJscs to higher cemres* wlie re they form 
synapses with others in a complicated series which eventually links up wtih 

• Tn a few CkAcS ihc receptor ncurDnet lUiy form iyoap£« with the effector 

rieurul^lc without the intErpoiiliqilli of jt ^nOeCtor neurone. 
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cffeclDr ^Fhc iruijortly of the asotneiing dc^cci^ding tracts 

(if the brain fli»d spinal nwtlulli are formed by the uxoiia of these intcmutieial 


neurones. 


The Synapse.—Cctnitiuntcotions Urlwccn individual neurones arc eatablislied 
by means of synapses^ which never imply continuity of structure. 1 he terminals 
of the collate rats (p. 915) and nf the subdivisions of the ax:ona end in small swetiinp, 
termed boutons tem^tnaux or " end-feet ^ whieli arc closely applied to the drn- 
driics and cell bodies of other neurones. They may tike the form of amaU bulbs, 
loop* or rings, and they arc the first part of the axon to undergo degenerative 
changes when it is severed and loses continuity with its pareni cell. The cell bodies 
and dendrites of Cbll neurones in the central nervous system are finked with other 
neurones by means of synapses ; in the ease nf the effector cells in the anterior grey 
oulutnn ni the spinal rneduUa— which oansdtutc the * final commoti motor path ' 
imd are therefore played on by numetoiis different centres—the hum her of these 
mav exceed a thousand (p. yj6)H 

It b a charactcrbiic and mvariablc fc^iture of a synapse that nen^e irnpulacs can 
pass in only <ine [firection. Tlie tnmsrnissibilily is urcvcrstble and thb fact has been 
described as * dynamic polarity Stimuli arc capable of passing in the reverse 
direction along the axon to the cell-body and the dendrites, but there is no evidence 
that ibey can pass ihrough the frynapac from the eelfibody to an axon or from a 
dendrite to an axon. 

The passage of a nenous impulse across a synapse is always iccompanied by 
a slight deky in conduction {ttf p- 917) synapises are more susceptible to 

fatigue and to lack of oxygen ilian me uxons or dendrites. Finally^ many drugs, 
noiably stry^ehnine and nicotifiCi act at the synapses. 

It should be observed that two features of iiitemuncial and effector nerve-cells, 
(i) the profusion of their synaptic cofmtxinm and (a) the colkicrak ^ven off by 
their axons, facilitate the correktion 3 fitl association of alftrent impressions and the 
co-ordinaiionof effcrcni impnlses, which are the essential factoiBin mental develop¬ 
ment. By the profusion of their syTtpptic connexions the cells arc bfougli! into lunc- 
li ofial relationaliip with a large tiumbcr of other cells, and by means of the et^lbterals 
given off by thdr axons the cells arc able to discharge thdr impulses into a number 
of different channels (see p. 1039). 

The Neurone Theory.—Waldcyer's S^urone Theory holds that each neurone 
is an indep<!ndcnt anatomical unit and that, although nerv ous impulses pass from 
one neurone to anothei- at a synaptic junction, there is do structural continuity' be- 
f ivecn them. I'bis view has been attacked from time to time^ hut it still receives very 
gcneml suppon from netirologbts. Striking evidence in Sts favour can be obtained 
hv observ ing the effects of injury or disease of ihe cell body» The Nissl bodies 
undergo ehtomai^lyfis and cventuaJly disappear not only from the cell body but also 
from the dcndriiek The neurofibrils become swollen and hypenrophied at first, 
and later they break up and may disappear completely p ft degenerative process which 
the dendrites and the axon ^harc with tJic cell body. I’hese changes, however, arc 
strictly Jtmited to the neurone concerned and do not extend beyond synaptic junc¬ 
tions. F-ach neurone, therefore, can be regarded as an independent structuml unitK 
but functionally neurones are interdependent on one another to a remarkable 
extent, and every nervous impulse passes through a series of neurones before it 
reach^ the appropriate effector. It should Ise staled that section of the axon also is 
followed by degenerativ'e changes^ usually of a transient character, in the cell body. 
They include chroinaiolysb, fragmentation of the Golgi apparatus * and displace¬ 
ment of the fragmcnis" and the nucleus to the periphery of the cell. Tliis 
phenomenon is knowm iis rrfr^^ruJe ^egentraiiortr When regeneration occurs* 
the Nissl bodies reappear first round the nuclcus^ which resumes its eeniraj 

^In some siluftiions section of nerve-fibres Is followed by degeneration of the 
ner^'c-cells with which they ime in synaptic relation. I'bis phenomenon is known as 
trausfmtroual degenrr<ttion and it is best exemplified by the degeoerration which 
affects the cclU of the lateral geniculate body when the fibres of the optic nerve are 
divided. The phenomenon h by no mt&m gencml and it is difficult lu explain why 
it should occur in some siiufttions and net in 
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THE EUNCriONAL COMPONENTS OF NERVOV S SYSTEM 

The nervtius system cnntfiiits two n>ain fuiictlonul components, d joinff/jV tr^m- 
pvttettt of afferent iincl efferent nemones eoneerned with the innervaltsjn of the akin^ 
skeletal rntsscles ^nd their tendona, joints and as^jucjnted connective limics ^nd a 
sfilaficJinic (amfiotifu/ of afferent and efferent neurones concerned tvilh the insicn'a- 
tion of thv vificura, glands and bloEHl vessels. The afferent and efferent netto>nc& in 
each cornpuncni arc Jinked hy intemuncial neumnea^ '[’he arrangement of the«e 
neiironea differs slighlly in the two cOnmonentd. 

In the head region spfcini svmiitk afferent cx>inponcnts are developed in associa¬ 
tion with the special suuiatic sense nr^ns concerned with smeih vision and hearing 
(sec p. 1^2), ipecml rkcmil rfffrrnt coTiip<>nents in assoeiatinn, w ith the striped 
muscled dcvctopctl from the bntnchbf arches and speeutf vtsceraf affmnt com¬ 
ponents in associalion with the organs of tosEc. In alh Therefore^ seven functional 
categories of ticutones^ somatic somatic efferent, iplanrhmf ufferentt spltinchnie 

effrrrnt^ ipeeUiI n^rruttk afferent, rprriai rljcfral efferent aiid tpecial vkaral afferent 
can he rcciJgnised. 

This functional subdivision is reflected in the tievdopment (see p. 126) of the 
iicuniJ tube and is tu a large cxietil retained in the adult (see p. t^i). 


NERVOUS CONin CT[ON " 

A ncjw c impulse has much in ot>mmon with an electric cummE and a passage of 
an impulse along a nerve'fibre h shvsya aceonipankd by a strcain of elcetmns along 
it (sometimes referred to as a wave of elecironcgiativiiyjp the sire;im tk.^ing followed 
by a transient phase (termed the latent perifpd) in which no impulse can pass. 
Neverthcle$&^ a fiicn’e impulse is nnt an cleclric current^ but' a tvavc of activity in 
the nen^c, which moics rapidly along the Jihre ai^d is accompanied by a potential 
change. 1’hc cnerg)' for tlie iransmCssion of the iinpul^ comes from tfie nerve 
itself and not from the stinmJus '['he Frei|uency nf tierve impufses howevtrr itj 
determined by the Inicm^iiy of the atimulu^. Tb< potential value and the conduc¬ 
tion rate of a ncr^'e impulse are constant for a given fibre but not for all fEhre£» for 
the thicker the fibrCp the more rapid the rate of conduction. 

On rhe basis of the diameter and nuc of conduction the fibres in a mixed peri¬ 
pheral nervx can Iw elus^ified into three groups, designated A, B and C-t *E|ie 
A ftbres sme the Lirgest and mtisL rapidly conducting and consist of n^yclinatcd fibres 
ranging fmm 20^ to i/* in dianieicr. Their conduction nites vary' from 120 m. to 
6 lu, per set. *l’hcy include the afferent fibres concerned with the transmission of 
impulses associated with touchy pressure and position sensibility together with tlie 
large and st^me finely medulla ted fibres from ukelcial muscles. I'hc fibres of the B 
group have slower conduetEOn rates ^vhich range from 14 to 3 iii. per sec. and include 
autonomic fibres. The C gre^up are non-medullated fibres with conduction rates 
ranging from 1 ^6 m. t<i 0 3 m. per sec^ Fine fibres in all three groups are believed to 
be ctsnccmed in the conduction of pain impulses. Fibres of groups T 1 and C are 
clearly differentiated by their riaies of conduction but i>w ing to technical dilTicultics 
the range of diameter of the fibres in the two groups is imperfectly known. There 
is a gi>c>d correlatinn between the rate of eciiiduction of tile impulse and the fibre 
diameter in group A fibres, hut in fibres of groups B and U there is reason to believe 
that such a close correlation does not exist. 

'['he potcntta[ changes whtdt accompany the pa^ge of impubes along a mixed 
periphetaJ nerve are compound and represent the sum of tffce potential changes 
occurring in its constituent A, B and U fibres. The potential changes accompanying 
tJu! iiansiuiBsioD of an lEnpulse along the .\ fibres consist of four successive waves of 
different amplitude and velocity termed the y and S waves. The rale of con- 
diieikm in the a ivnves i& around lOom.p.flcc, as compared wldi 40 m,p.aec. for the 
y waves. Hie motor nciironeg to striated muscle all belong to the A group. These 

* A deTiiltd diums^ipn of recent work fan the tubject w ill b« fnuFid in J. F. FulrunV 
Phyii^o^Hf the Syitrm, jrd Edition, t 955 . Gtford Medical Publicaiioni. 

f M^ A. B. Bnusier^ The EteetrUnt AcEtHiy e/ ihf Syrtem, [jondon, 1951. 

; J. ErEanficr and H. S. Qae'^r, Eleetruof «/L’niv, Pcnmylv'^nia 
Presa, 19 J 7 . 
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include brge anti licflvily myeUnaicd fibres which inticrvaic urdin^ &tciaicd 
muscle fibres* pmpagjtte waves of the <t vancty and fine, fjiyelinaied fibres w 'n.c 
propagate y waves. These fine fibres, often, termed y efferents^ ate believed to inner¬ 
vate the intrafijsal fibres in the muscle spindles (see p. 925)* * ^ 

The view that the passage of B nerve impulse through a neurone or senes 01 
neurones is eompatsbic with the passage of an electric eurrent Jed to the ^iici^tion 
nf what is lermed the * rnembranc theory * of nervous conduction 1 ms th^ry 
postulates the presence of a filni-fike membrane cov'eting the cell hodv and clothing 
ill ite processes. The membrane Is polarised, being charged clcctncally vvitb ^1- 
tivc charges on its outer and negative cluirges on its inner surface [fig. 3 o 2 > 
Where vet and however stimubicd the mernbrane is depolarised at the point of 
stimulation—■proi’idcd that the stimulus apphed is idec^uatc. This process spreads 
in all directions from end to end of the neurone concurrently with the passage of the 
impulse (fig. 802). Imnicdiaiely following this phase of depobrbation die metifeolic 
activities of the cell Ixidy restore the [xjIarLty of die mtmbninc so that the normal 
jTritabiUty of the neurone is resiurcd, This reparative phase provides a satisfactory 
explanation of the latent periiwl which chaiucteriaes every neiirone fnllowing the 
passage of a ncfvc impoi&c. 


Fta. Soi — ITie membrane theory of nervous conduction illuBimicd by diagrBms 
of A dendrite, uhowiiiK the of a luCaFiard ifintutlH on the polarised AUrfacc 

of the membrane of the neurone. {Reproduced from H. Chondltr EIlinTt^s 
Tixf-bw^k 0/ tki iV#™uf Symrn, D. Ljppincott Co., by the wnrtcfiy 

of Buihor arvJ the pubLishers.) 



U A ifcEiitriiie Imnirul. ihcwioi lb« ^atKi polarJiKl xn«!mbr«n^ 
i_ DapoEjritijiqn dT m«miknn«, iiutijE^ ^ LkiI idotuiiii^ 

J. Ckwi-vJiyii Ibt clmdritr^ 

^ dcpolsEbaiiarti uwtfds Uib eyiua, foaowed, sTitir i bMm.t 

ptfiod. bv tha q| itu p^uiicLl 

The foregoing explanation of the factors guvembg the passage of a nen^e im¬ 
pulse from one neurone to anodier lias been challenged by the theory of hunioral 
Of chemical transmitters, for it h known that the passage of an impulse along a 
sympathetic posi^ungUonic fibre is associated with the liberation of adienalin in the 
region of its terminals, while 1 he passage of an impulse along somatic efferent fibres, 
parasympaiKctic postganglionic fibres and all preganglionic fibres is associated w ith 
the liberation at their termioab of the isJter, acetylcholine. According to this theory 
the delay at the synapse is explained by the necessity for building up the acetyl¬ 
choline or adrenalin, as the case may be, to a given level before the impulse cam 
stimulate the adjoining neurone. 

*rhc liberation of acetylcholine is [issociated ividi the presence, in or near the 
covering membrane, of the en;t>'mc cholinesterase,f which has a specific action on 
this paiticuUr eater. The enxymrc Im n high concentration in all nervous tissues 

• L. E^kbelln Aefi* PkytioK fupph ai, 1^45, 

t D. iNftdxmaniahn. *t hM , Chim ., 163, 194*, 
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Mild ihcr conceiitration is liighirst in the cell body and its syna|>sca. In fcrtal lainb& 
spinal reflexes develop at y much earlier stag?e than reflexes involving higher centres 
iind it is signifr-caiit that the development of these Fef!ext& is MSSociatcd with the 
presence of a high concentration of cholinesterase in the spinal mednlla^ while it is 
St til low i.n the bniin-stem and brain, where it dots not increase until a short time 
before birth- Similar observations have been made in the human Retus.* 

A further point of interest is the recent discovery^f that during the activity of a 
neurone sodium ions leak into the cytoplasm from the extracellular fluid and 
potassium ions pass imt from the neuronci^ the interchuTigc indicating an aUeration iti 
the permeability of the membrane, which affects the relative ion concentrations 
between the inside and the outside of the membrane and may account for Uic 
electromotive force developed. Howeverp during the rccov^ery period mei^bolic 
chang^ occur within the neurone whkh restore its contents and membrane to the 
pre-sf imu 1 us state. 
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TI'RM I NATIONS OF NERVE^FIORES 

Receptor endings.—The terminations of the peripheral processes of the re¬ 
ceptor neuron cs assciciatcd with general Sensations (e-g- tntisclc sense and the 
senses of touch, heat, cold, pain and pressure) are widely distributed throughout 
the btady. They can be classified according to their structure into (ej) free (un- 
encapsulatcd) nenc-tndjngs, {b) nene-endings in rebtion to hair, and (c) i^peciiil 
end-otgons or encapsulated nerve-endings (hg. ^03)^ 

* J. Darcrufi. and D. If. Bjurno, Efg^. Phytit>i.^ 4Z« ind K. A. VounKiirom^ 
7, N^ophyrioi,, 4, ig4u 

t Ap K. Hodgkin mi A, F, flujiltvp J. PhynoL, 106, 1047- 
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Free nerve-cndirtgs are found chiefly in the cpidcnnis and in the epithelium 
cos'cring ccnaln mucous membranes; they are found also in the dermis* the 
Birariilicd squamous epiLhebum of the cornea and the tynTipaiiJc membrane, m the 
mot-shcaths and papiha^ of ihn hairs* in. tendons, in periosteum, in the walls of 
1^ food-vessels* and around the bodies of the sudoriferous glands. 'Jliey occur in 
connexion with both non-myelinated and fiiicly myelinated nci^'e^fibres. 

When the nerve-hbre approaches its termination in the skin, the medullary 
sheath suddenly disappears* leaving the axon aurrounded by the ncurolemma. 
After a time the fibre loses its neurolemma, and consists only of an axon, which can 
be seen, in preparations stained with ^Id chloride, to be made up of fine varicose 
fibrillair. The fibre brajiches repeatedly over a reUtlvcly w ide area* forming a ntrve- 
nei which interw^cavea with other nerve-nets derived from neighbouring fibres. 
Finally, each net gives origin to fine, noted terminals with bcad-llke exiremiiics, 
placed deep to and amongst the cells of the basa], spinous and granular strata ^ of 
tlic epidermis. 

Nerve-endtngs in relation to hair.* —Kacli hair follicle is innervated from the 
cutaneous plexus of nerves by myelinated fibres ; their number and size is relaicd 
to the si^e of the liatr Follick. The fibres approach the follicle from different 
directions to reach it just below the duct of the sebaceous gland W'hcre tbev divide into 
branches whidi run paralkl to the hrtir in the outer coiit of the lidr folfick. Some 
of these fibres pass into the middle of the outer coat M^hcre they give rise to naked 
axon filaments encircling the hair and terminating as free nerve-endings amongst the 
callagtn bundles. Othera pass into the vitreous byer iHrtwccn the outer ^nd inner 
coats and* after losing their medulbry sheaths, break up in to fine fibinenis which 
term ins tc amongst the cells of the outer root sheath- 

The special end-organs exhibit great variety in siiic and shape* hut have one 
feature in common, vis. the terminal fibrils of the ner\'c arc enveloped bv a caps<ule- 
Thc bullHiua, lamcibtcd and oval corpuscles are induded in this group, together 
with the ncurotendinous and neuromuscular spindles. In addition* niany other 
special end-organs have been described from time to time, but it is not improbable 
that some of th^ may prove to be anefacts, attributable to the special methods 
adopted for their dcnionstration. 


Fm, 804.—'A bulbaui Carpuide, 
{Frorn Klein'* Efrm^ntx of 


I’hc corpiisfUf fto4> arc minute cylindrical or ovtl bodice. corwlsrinK of 

a capault of connective tissue eovdopinit it 50ft semi-fluid cortf in which the axon 
terminatw cither in « bnlboiw eitrcmity or in a eoilcd-up plexIForm mass. End* 
bulbs have been found In small clusters in the papilJi^ und adjciinin^ parts of the 
corium, in the conjuiicm*a (where they are sphetoidnl in shape in mnn, hut cyllndrioil 
in most other onuiidig}. In the mucous Tncn^bTiinc of the Lips and [unn^ue, and in the 

cpincurium of nL-rve-ti-unksf, Similar corpuscles 
arc also found in the penis and cliioria tgimital 
cfitpmda^. It is uncertain whether they are 
all marpholu^ically identicaL 

" I l orpuuifs t Facin Ian corpuscles) 

ffos) arc found in the subcutnneous tissue 
on the nttvea cif the palm of the hand and 
tcile uf the foot, and in the genital organs 
of both sexes ; they alto CM^cur near the 
joints* and in same other situations* in the 
meKcntcrj^ and pancreas of the rat and along 
the bbiii of the rabbit. Each of these corp^s^^lt^ 
is dttached m, and cnclu^ the teTminaiion of, a 
^ngk lai^e nervc-fibre. llic corpuscle (which 
h visible to the naked cy-e and van be moat 
easily demonstrated in the mesentery of the cat! 
cofuist^ of a number of concentric lamella:^ nr 
capsules artunKed around el central space* in 
which the nerve-fibre is can rained. Each lunkla 
is composed of bunillea of fine connective lis-* 
*u e-fibres* and ia lined on its inner surface by 
a jiin^tle layer of fiatiened ctjb. 7'hcrv arc fine 
bk>od between the Samel 'Jlie centra] 

space is elongated or cylindrical in shape, and fillet! with a tramps^Tcnt Gorc, in the 
fniddlc of wtiich ihc naked mxon irawraca the space to the vicinity of m distal 

* G. Weddell, W. Psllic and E. PsEmcr,C-htfirt. 9^^ 1^54. 



^ MiduCLiErd rKrYfl-IHjire, Ca|Mul*, 
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Fia. ^ 5 .—A Istriwtiated corpuscle, with 
Etiv af oipAulpi 4 ind It* eentmt 

cavity* 


cactremlty. -whcTc it cutk in one or more ffTTiHlt knobs. cutpusclc^ are saiii 

So be clo$cly associated with yloittctular arferioveiiousariAstomoscsand fo derive their 
blocxl supply fmm 

Other corpufides arc found in the sub- 
culaneoujs: cissuc of the pulp of the Ittifiers. 

4'hcy differ frtim lamclIoieJ corpuscles in that 
their capaulcfl are thinner^ iheir coniamcd 
Corea rbicltcr, Jind in the latter the oxortt nunify 
more extensively and end in flat expanskins, 

^Iht iactite (otifll) rtfrpsudr^ (lig. Kofi) are 
clunfiated oval-5ihnpei.| hexJ Ics which havtf been 
identified in the papilLe of the corintn of the 
band and foot, the front of the foreami, the 
sidn of the lipsi the mueous membrane of the 
tip of the tonituc+ the piilpebral canjunctiva 
and ihe skin of the nipple- Th^y arc absent 
from the skin of the auricle. The lonn axin 
of cairh eotpLificJe is placed at ri^ht angles to 
the skin or mucous vuifacc. Each is enveloped 
by a conncctj^nc tisa-Lie capsule of fine elastic 
hhres wd^ich scnd« mcmbroriou# s^ptia into 
the mterior. H'hi$ difereniijites slowly aftet 
birth fTiom the fibrous tissue of the conum. 

Superficially this capsuk end^at the epidermis 
where it inlcrlocks with the basal projcction.H 
of the epidermal cells. In early adult life 
the corpuiicle descends deeper into the dermis 
but remains anchored to tStc epidermis by the 
capsule, t 

F.adi tactile corpuscle is supplied by a 
large medullated fibre? which docs not branch 
until it haA entered the capaulc ^ it also receives 
an urmiydinatcd ' accessory' fibre which 
terminates in free fibriia in the cap?ute. 'Hie 
oval corpuscles isccur in srnafi jiroups of 
two or three but never sinjtty, and ten such 
groups have been eourued in a sc^uare mm. in 
the skin of the pulp of a finjrec in a human 
iubjcct.J 

In addition, shidtow*^ cup-^dtaped dixea, 
termed tactile mcnisd fof Merkel (fig, ^^13)), 
have been observed in the sera turn spioosum 

of the skin, llicy are characteristEc of the epidermis of the anout of the pi(f. Some 
investigator question the nature of these structures and sugiiiest that they may be 
identical with the dendride cells of the epiikrmis.J 

Ruffin i described a special ^‘aticty of mM^^-endinK in the skin and in the sub¬ 
cutaneous tiESuc of the human finger (fig. and mostly aituaied at the junction of 

the two. Thty arc oval in shape and consist of strong c«mnective u^w sheafhs : 
inside these the nerve-fibreB divide into numefous branches, which show' v-ari- 
cositics and end in small free knobs, Each corpuacle rereives a fine ‘ actxHory'* 

nerve-fibre. , . ^ ^ . 1 ^ ^ , 

Tile ntuT<ii€wdtnovi entfinf^s nf Gai^ are chiefly found near The junctions of tendons 
with muscles, Each is enclosed in a capsule which contains a numbei: of enlarged 
lemlon-fascieuli iinimfmid Jusaadf)^ One or more nerve-fibres pefforalc the side of 
the caps^uk and lose their medullary sheadiis ; the axons subdivide and end between 
the tendon-fibres Jtl irrcgulur discs or varicositiijs. ^ + 

The wnrrewriucwiiir ipimiln (fig. ate present in the majemty M 'olun^r^ 
muacJe.'iiji Ipcluding the extrinsie muscles of the eye and ilw tongue nmac|CT.i| 1^^} 
have also been seen in a facial muscle in the rabbi i.l. hach neuromuscular spindle 
consists of a small tnaipfiukred bundle oF peculiar muscle hbres {mttiifuaftl fibrea), 
usual IV ^'-4 tn number. Each fibre consists of mo polar regions sepamed by nn 
equatorial region. The ptilar regions are crosa-iitriaJcd and Cdnlam widely spaced, 

• X. Cauna and G. MuruMLn, fW. ^nii/. Sec. C. B. mid Irtfainl 

^ X. t-'auiui Bnd Gir Mannanji loc. cit, 

t G. WrtldtU. J, Amt, Umi.. 7$. i'H«- 

4 G. VV«Iddl, E. I’mtnKr und W. PaUie, Bio!. 3 ». 19 J 5 . , 

I! S. Cooper »iul P. M. Djmkl, Brain, 7a, n>4y> S. Cooper,J- rhyt»>L. t«. tojj. 

’ H. IC M- Bov«d«n haJ K, Y, Miibx.fl, 7 - AruH.Ijwd., lijsfr 



n. Artmil fwitf, rodkyc in afpiSLidcr, whiL-h 
iatfn PI VXUkt of ibe IHWt; 

i^tE pefKim«i to- wnrtrm] dpwuSie 6 . Th» 

flb»rwir ttuuc lIk' iltilk. 4 , Nn^i^nbrE xq-- 
VKitarijM \ri istw cwrtrml fvfMuld. ibere kwLHtf iu 
fUtduflary iKemifa. xJkJ 
Id llufl opposite hrlurt it 

iiEb^v^Dfed ^nlarvtfncni. 
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cctitrully pliiccd uval nutrJci. cqiuitunal fLTirtoa displays a ccnlinBl fufliforn^ swcU- 
in4! termed the nuclear bag, eontaining an ajaegTeKatfm of some 40-^0 sphedcaL nuclei ; 
it h devoid of On etthec side of this is a eross-stdated portion, 

termefl the myotube Tvgifjn, in which the nuclei are arrtnM?^ as a central chainn The 
nucEcar ban i* believed to be noncontractileand to separate the functionally ind^jcndfent 
poLii- regions. At the ec^uatorial reEion, the capmtic is larriiclbted with an outer con* 
ncctive tissue sheath separated from the aaial iheaiha of the muscle ftbres by a space 
irtiverKed by ifiibecolae and believed by some m contain lymph. In the polar rc^rioo 
these sh^fltha merge and no lymph space flcparaiea them. The motor nerve bbms 
to thespitulle wre IndepcnLieEit of those bo the extrafusal fibres and each polar region 
ia believed to receive an independent supply fmm nerve fibres of dififerent diameter, 
onf: ai which to the ^ alpha ^ j^rroup and the other to the 'gamma' group 

of clftrent fibres. They bmrth terminate in typical moior end plates. Each spindle 
recci^x* n large medullatcd nerve fibre wliich Forms a series oF close spiral turns 
around the nuclear hag of each intrafusal fibre ; it then divides into it? tcTttiinala vir-hich. 
end in flattened e^pansic^nar These lerrtijnaU are known ag the primary or aaimJospind 

Fig. —Tactile corpuscle frutn sikia nf roe, ^ lodified DieUchoivsky Grew technique, 

(, Fktoi u iHde lent by Dtr M. Caima.) 





Spirit fWiA* 




endings. In addition each irtimfuaal fibre generally receives a second slightly smaller 
neire fibre which ends in a simibr manner Hround iho myotubc region in s secottdaty 

or flower sprmy mding.* 

Funettons of receptor endings.—When a receptor c>rgan is stimulated the 
resulting impulse may either mittale t reflex^ be transmitted to the thalamus ^ind 
ctrcbral cortex to be appreciated in conscioiisticas, or be tranamltted to the cere¬ 
bellum. The litst named receives impulses arising in the proprioceptive field which 
do not intrude into consciousness but arc Lmponant for the constant mtmulat 
teadjustmcnis which arc jiccc^ry for the smooth performance of any movonent. 

(teccptf>r end-organs can be cLissiHcd into three main groups, i.vttrfKtptQr5y 
and pTO^iwepforr.f 

• D. Itflfkvn Qttarl.J^ Mtcr^Sci^ 89, t94fi. 

i G. S, ^^htirinfftoii, l*hf irUfX^aiir^ fl/ ihf Nfrwm Sytfrm^ London, 1506, 


TERMINATIONS OF NERVE-FIBRES 

mpond to stimuli from the extertiAi cttv'ironmeni und are placed 
at Of close to the surface of the body and am be subdivided into She gratrui i>r 
cutitntons smsf organs and the spetUiJ organs. The gcitcral acnae orgaiu include 
the uncncapsulatcd and encapsulated receptor end-organa in the skin and the 
receptor end-organs around hairs. The specui} sense organs are the olfactory, 
viaual, auditory and taste receptors. The detaiU concerning these may be found on 

PP.H23-I294. 

hreroc^tors respond to stimuli arising in the viscera and are found in the wall* 
of the digcsti%^c tract and its associated gknds and in the cardiovascular system. 
Special receptors in the wdla of blood vessels which respond to stretching of the 
walls by pressure from w^tlun are also included in thk group. They csccur in the 
w^lls of the flona and carotid sinus and are often termed har^fiforr. 

Proprioceptors respond to stimuli nriatng in the deeper tissue* and especially in 
the locomotor system. They arc concerned W'ith movementp position and pressure 
and include the neuraiendinous oq^ans of Golgip the neumniuscular spindles 
the flowTr spray endings found in muscles and tendons and the vestibular 
apparatus. 


Fjc. Hd 7.—DiBRnim of ihe neurornusculir spindle in a rvbbic. After D. Barker. ffteprtK 
duced by pcmiisskiti af ihc Editnis nf the Quon.J^ Mkr.Srir}. 
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Extcroceptors and prqpHoceptora are the receptor cud-organs on the somatic 
affcrcni components of tlte nervous system and the ifueroceptors constitute the 
receptor end-organs on the visceral afferent cotnpotients. 

Getioral or cutaneous sensations.—Receptor end-organs have been generally 
considered to act os peripheral analysers vi hieh respond to stimuli jn a specific and 
preferential manner,* so that eadi of the four modalities of cutaneous sensation^ 

* For dcuih we R. Gmnlt, Hff^tnrr and S^mory' PtttfpHon, Vale Oniv^ Prew, 1955. 
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touch, coId„ w^irmth iind hciii, is subserved by ii dilFcrcni type of cnd-or^i4TV. 
Cutsrtctnifi ^n^iion tlurreforc haa ]l>ecrL considered to be punctdtc in ctturactcr, each 
^ipot overlying a single specific end-organ or a cluster of specific end-organSi tHal 
corpuscles (of I^plcissner) and the nerve endings amunJ hair follicles are believed to 
respond to tactile stimuli, the bulbous corpuscles (of Krause) to cold, the Ruffins 
type of receptor organ to w^rmtii and the free nene endinga in the epiderrnia and 
dermis to painful stimuli, 'llic lanieUated corpusefes (of Pacini) have been showTi to 
be sensitive to deformation but not to thermal change^ and to act as a meins of 
transferring the stimulus to the nerv'e fibre thus causing its excitation.* 

It should be noted, liovvcvef,i that in addition to their own speeihe ncn'c, many 
cutaneous receptor end^rgalts receive an " acocssory nerve fibre ^ from the terminal 
tlcrvu network which is believed to subserve the detection of pain in the skin. I'he&c 
‘ accessory fibres " have been considered ro be associated with the sensation of pain 
which may result from any stiniulu# which is too intense.f 

The dis^ritnmstion anii localisaiinn of stiniiiJi is l)cJicvcd, on this theory, to be 
ivased on ihc innervation of ncighbtmring receptor cnd-ofgiins of simibr type by 
different neurones and tiie oYerLipping and interweaving terminal nerve networks, 
^rhe variations in the capaeity to digcnminate, in different regions of the body, has 
been rebted to the density of the receptor end-organa and the degree of overlap of 
these networks. Redact ion in the density of receplor end^rgans or in the degree 
of overlap, as after partial nerve section or during incomplete rtcuven^ follow ing 
transection of a peripheni! nen^Cp is believed to explain the impaim'Lent or loss of 
ability to localise and to distinguisfi Ivctw’cen closely graded atimuli and to demnn^ 
stniie tins relationship- Head * frcim observations on the effects of sections of 
perJphenil nerves dbtinguLshqd two varieties of cuEineous pain, tlw and 

profopafhtV. Epicritic sensibility includes ihc appreciation of light touch, the 
tncalisatiDn of tactile and painful stinmli and dilTercntiition of minor degrees of 
icmpcmturc, while pratopathic sensibility involves the recognition of tactile and 
painful stimuli ivithout Jocalisadon and differentiation bet ween extremes of tem- 
^icrarurc, Proiopathic sensibility Alone may be retained in a narrow ^ooe sur¬ 
rounding an area of dcncrvution and during recovery this sensibility returns more 
rapidly. 'I'mitcr and llavics | were unable to substantiate these findings and it 
has not been possihle to distinguish two sets of fibres to accounl for these two varie¬ 
ties of sensibility, A simpler explanation of tactile diBcriminatioji and pairt localisa¬ 
tion can be provided by llie above tbet>ir\^ || hut it has also been suggested that the 
phenomena described hy Head may he explained on the assumption that normal 
sensibility does not return until the interweaving of ncn’c-cniis has been re- 
established. * 

Each type uf receptor end-organ is con^dered to be associated with nerve fibres 
of a pftrtiailar diameter and degree of mydinisatian to w hich the transm ission of the 
impube is rolateci (a« p* 917). Nervt bl4>cks frequently result in a selective dis¬ 
sociation of sensation. Thus, local anaesthetics usually affect first the fine nerve 
fibres which are believed to subserv^e pain, whilst the thicker fibres which transmit 
tactile impulses appear to be more vulnerable to itiierruption by pftssun:. 

!n recent years the specificity of cutaneous receptor end-organs has been 
challenged and consideTablc doubt bjis been raised concerning the precise structure 
and natun: of *ottie cutaneous receptor end-orpas.** Ternperaturc sensibility, for 
example, 18 atiequaiely represented m the bmrmn auricle where no organised endings 
of any kind occur and,^ agaiitp pamful, tactile and thermal sensibilities ate appreciated 

* E. D. AdriBii Euid K. Umrath.^. PAyirtJ., (ifl, J, A. B. Gray and J. L. MBieolm, 

fVof* S., Jr Ar RrGr»y and R. n,C. Mailhcwi, 7. Neurophysiai., 14, 1451 

«iiid J. A- Hr Groy and R, B. C. Manhicvif!!, 7 - Phyw^.f 114, 1951. 

t The teim wuizicrpfor tias been applied to exid^ri^ns which mpond to ^iniuli which ure 
hanifful or oaxinua lo the dfeuuei. l-*rwb ufid hii uted ihc 

ictm for the nerH>'et which They cnneidered la nspcmd in a diffuse uiid inrem^ manner 

in the area* of hypertvl^lii ttsaociaied with Injury, lie ixmldcred tiieie 10 he dbrinct frani 
thcHe nerm which rv^pOnd in the cmliiuLiy' way to poinful •liruuli. 

I H . Head, iStudiiM m London, t^io. 

f V^'. Troller and I i. hi. Davica, 7- 38^ j 909. 

j; For H eriiiatl witw and rtfenmcra lee F. M, R. Walihe. 65, 194J. 

\ O. WeilnJcll, H. Pnltticf and W. Paillc., Hrfii, RW., 3,0, 19SJ. 

•* W. E. Gfo* CUrkp 77i/ Antimmuisi Palimf U1 rAe Ea^nliai Bam c/ Smiory Di'r- 
cnminoriQii, Oxford, 1947. 
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frem the centre of the corata, wiierc tiiere arc only free ticrv-c endings,* AUti, it i« 
suggested that the appreciation of the difTcrcni modalities of cutaneous sensation 
depend more on tlie pattern of the impulses arriving at the seitsury cortex, including 
tiicir number and iJieir spatial and lempttral arrangement. In the central nerious 
system the nerve fibres concerned with tlie i ntnsTnissiijn of impulses to the thalamus 
and cerebral cortex run in discrete tracts. The fibres in these tracts and their 
terminatiiins in the thalamus ami cortex appear to be arranged eomatotopically, that 
is they are arranged spatially according to the topographica! source of the impiitse 
which they transmit (Hg, Disiurbiinces of sensaiion a^socfaicd with ncn'c 

blitck or regeneration of peripheral nenea result ffom a distortion of ihe iionnal 
pnttcm.l 

Interceptors.—These mclude the feceptar <:ad-rnrgans in the wylb of tlie vbccra 
and blwd ves^U, A variety of fibre terminations and end-organs including naked 
ficne endings, loops and cuL-apsulaied rjT^ans, has been deaeribed in associattoo 
with the blood \xt^h and viscera Xen'e lerminab arc ftiund in layers of the 
visceral walls including the lining epithelium and arc nuincrous in the adventitia of 
bhxnl vessels. Owing to technical difficuhiea the precisfie morphologv' and rtaTuir of 
many of these endings b still subject to doubi, 1 ypicaJ lamellatcd corpusles have 
been descrilicd in the adventitia of bicoid vessebp pancreas mnl mesen¬ 

teries. The morphnifjg)' of the afferent neurones, including the location of their cell 
Ixpdics. is similar to that of the neurones in the ejtterocqptivc field. I hc elFccior 
apparalu# is represented by glandular epitheli^tl cells and voluntary muscle in the 
wails lif the viscera and blood vessels. 

The cild-o^an« and ucfve-tcrminala in the viscera are in general, subject lo 
the stimuli which act on the cxtorocepiors placed at the surface of the body and with 
cemifi cxeentionis do not respond to mechanical and ihcmial stimuli. I’ndcr 
nonnal conditions the activities of the viscera are mostly carried out without 
intruding into consciniisness. There is evidence, however, that splanchnic cental 
are found in the frontal lobe (p. 1043). Tension produced bv over^tmtehtng or 
excessive muscular coniradiction, how-ever, often gives rise to vtseeral pain, paak- 
uLu-ly in pitchol^ical conditions. W'hich is frequently pwrrEy lEKralbecf and of the 
deep seated variety. It as gene rally believed that such visceral paiu due to the 
passage of pain impulses along special visceral afferent pathwaj-a, hut k may also 
arise from the spread of abnormal sltmuli from the visceral lo the somatic path wavs 
by mean^ of collaterals. In the cat visceral afferent impulses have hetn traced 
through the funiculus gracilis and the medial lemniscus (p. 953} to the thalamus and 
also hilatcrally thmugh the spinorhalamkr tracts m reach the posterior part of the 
liypolhalaimis and caudal part of the thalainus on both sides.! 

]Bart>ceptoT5 are stimulated by changes in the bhx>d pressure, Affercni impulses 
arising in the wall of the heart itself iiifiuence the hcan nnc, the conductivity' and the 
force of the heart beiii. Lmdcr patholugical conditions impulses fnini the heart give 
rise to piiin distributed over the left side of the chest and down the left arm. 

Proprioceptors,—The proprioccptoiB are stimubied by the activity of the 
muscles, movements olJoints and changes in the position of the Itmly as a whole or 
its various parts and arc essentiuJ for llic oo-ordinatiotl nf muscles, the grading of 
muscubrconlraclion and the maintcmance of equilibrium. The vestibular apparatus 
is considered elsewhere [p. 12^) and only the receptor end-organs in muscles, 
lendom and joints will be consitkred here. I1jc functional differences Ijctwccn the 
variou!^ types of proprioceptor endings in museles and tendons is not clear, but it liai 
been gencraJly believed that neuroniuscutar spindles and ncuruiendinous endings 
sire c.xCitcd by stretching ; they are therefore often termed slT^Jrh rrrrptort^ a view 
which i.^ not wholly tenable. The intrafusal fibres of muscle spindles lie in parallel 
w ith the rciuiundcr of die mu^lc fibres and arc relaxed when tlic mu^le contntits 

* K. II. Knocks, D. C. Sinclair and G. Weddell, /Var, ij,, i|i, i.^j5, 

U. Sinclair, Brmft, yt,, 1955. 

G. Weddell, E. PalJner wnd Wr Padlic, Toc^dt. 
to. Bumkfr Kid O. Fi»CRlar, t/iindb. d AViirr^njfiri Ikriin, 5, 19^6- 
i D. C, Sinclair, G. WiNJdell and E. t.4indrr, ,7. AnaL Lomf. S6, 1951, 

§ Fur detaibaev G. A. G. Aficdlelk T/w t/ thr AuKffiomic Edfn- 

hurab and l^oodoofl, 1953, and KunLi, The Automyrnic XertYfutSyslrm, v|dl Ed.* Fhilpdi;lphia, 
1 ^ 53 - 

O. Adair, \V. A. C^ciibepan and IL LTnt^bvtttctH J. iXrrn-opfiyn^,, 15* 1952. 
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and cvlendcd when th*; muscle ncljccca. When extended the Hower-spray nr the 
iuinula^ptral cndingB nr both art stimulated and impulaeB pass alonif the aHerent 
fibres in the «4^>'Callcd muscle neree to the centnii nervous system. These impulses 
from the muscle spindles are responsible for the stretch reflex,* for when the intra* 
fusa! fibres are stretched the resulting impulses excite the muscles' own motor 
nuuroius.t 'ITiis pruvidcs a self-regulating mechanism for the maintenance of a 
constant muscle length and a method for the automatic regulation of the muscle 
fibra to meet change in load and in fatiguc.| The imrafusai muscle fibres receive 
their motor innervation by fine medtilhttcd fibres termed the y eflferents {see p. 9ili) 
from the ventral nerve rtHis. When stimulated the intrafusal Hbnes enter into slow 
lonie Contraction, stretching theequatoriaJ region of the spindle and stimulating the 
imnulo-spiral endings. The afferent impulfsts thus produced, in their turn femForcc 
the Stretch reflex and provide a foliow-up mechanism for the maintenance of posture 
(see Mtude tonus, p. 549). Collaterals arising within the spinal medulla from the 
efferent neurones to the main muscle fibres curry impulses tu iniemuneial neurones 
which synapse with other anterior horn cells and are believed to cam- inhibitory 
impulses tn these and so to the muscles which are not excited. 

Apart from the above mentioned there are other receptor end-organs, Imth 
unencapaulated and encapsulated, in the deeper H^nneciive tissues and in the 
connective tissues associated with muscles and bones- These include lamelLited 


Fio- BoS.^A diiAwn of u meior end-piste. Aiier Gutmann and Ycun)j. 
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*v#lr-Tb« lUT^cP^. Kr^dt hmym thla vwBnhwm, b flOf Ihiran, tdfcndi wUh tht 
UdtiMl whKh AnfiE^lkei sfh* CmTiaiiat* nf ihtmiV 


cqrpmclc^. HdiTic of rtspond to pressure changes and i ibmtiun whlhi uifiens 
are associsted with impulses underlying pain. The sensation of pain arising b the 4 
deeper tissues differs m quality and lends it) be a dull, aching, p<K*rlv localised tvw 
when compare! with pam impulse originating in nenes in the more superfibi^ 
tissue, which IS sharp and well localised. This may be explained hv the sparsitv of 
nerve termliwls in the deeper us compared with the superficiul tissues.^ 

Effector endings.—The i^ns of effector neurones of the somatio svstem form 
specialised endings tn the skeletal muaclca. tetmed by Ktihne. who fira'i de«rit5ed 
them, jTOfer «r(f-ptoer (fig. goS), MeduUated fibres emerge from the rich plexus 
lormra m' the terminal brunches of the motor tterv's to the muscle. Bach of these 
indiiiduat fibres, which is the axon of one effector neurone, may supplv through its 
terminal branches as many as one hundred and fifty muscle fibtia. altliough in wme 
musdcB Concerned wiffi discTcte movements, for example, the oxtiinsic muscles of 
the eje, the number is much smaller.- 1 he effector neurone, together with the 


• K. C. T. I Jddcll snJ C. S. ijhernnFtioii, ««;■. Sat, ti., 9a, Tvi4. 

I V, U, H«innif.rd, 1 » A. Memm and Q. Ct. Sutton, jWrf>. A/rtf. Qailnitt. 11, 

15 J& ^ ‘ /"AvjrW.. 1 la, 10 P. A. Mtrton, BHt ..!/«/, «, 

I T. Lcmiii, Fain, Xcw Yurit, 

I C, S, .Shrrrinjftan, iVrifitigt, [jifidan, J 939 . 
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miw^Ic fibres supplied hy it, constitute a motor tuiit, Thu cnd^plate consists of a 
locally patch of granular satcopInEm lying immediately under the samoJemiTia and 
containing a number of clear nuclei, which may be round or oval in shape. When 
the terminal oerve fibnl fetches the plate, it loses its myelin sheath and its coverine 
cndoneurium (p, 4t) becomes dirtctly continuous with the cndomtuiuin fp. 32) of 
t he ntuacle h bre. The re ig tio direct continuity between the sarcopfasm of the plate 
^d flic axoplasm of the nerre fibril and its terminal branches, and the relationship 
15 one of contact belwccii the axonal meinbrane and the sarcolcmina.* Kollowing 
cxpcnmcntal section tif a motor nerve, the denervated motor cnd^platcs show oft 
Uc^erativc changes in thdr nuclei or sarcoplasm, which ate dcarlv constituent 

ui sympathetic fibres running in motor nerves arc 

pjtimibly all di^nbuttd l-o tlic of the muscle. 

KtC- A schente the of Ihr Bei-eral of the brain. 

^Afl^r Schwalbr.i 



i VriftriLn 




JVlMirlbf 

Ihc cfFecior neurones of the autonomic svMCm end either fay blending with the 
protoplasm of plain muscle librcs^ or m close association with the epltheli'sl cells of 
ihe glands which they supply. 


CV/itWTWFh 


Pfmt 


Pabts o¥ the NERVot^ System 

The brain and. spin^ medulk constitute the nervous sysfim and ore 

situated in the central axis of the body. Twcive pairs of enmioJ nertes arise froin the j 
brain and thirrynjne pairs of spinal nerves arise from the spirial medulla ; together I 
these form the firnphernl nrrvnus sy'sfem. 

The spinal mfduflu oocupieti tlic upper two thirds of the veflcbml canal and ts 
continuous at the foramen naagnum with the medulla oMongdta. Its walls are 
relatively thick atid enclose a narrow central ravit)' termed the central corLaf. 

7 'hr bram (fig, ^k>^J lies within the cranial cavity and emprises the rhomben¬ 
cephalon which includes the medulla ofalongautp pona and cerebellum^ the mesen¬ 
cephalon or tnidbrain, ;md the protenc^lmlon which consists of the dkncephalon 
and lelencephalon. The telencephalon is compcKscd of the iw’o ctrefanil hemispheres 
vvhich tcjgcther eoiistituie the cerebrum and n small median iwnecting ponion. 
The mid brain* pons and medulla oblongata cunneet the proscncephainn with the 
spinal medulla and together constitute the Arat4 stem. 'Fhe account of the develop- 
meni of these parts has already been given (pp, 125-144) be found in he of 

considerable assistance to the understanding of their re.lBiionBhipa to one another. 

7'A^ tnt Julia oblongata is the Joweat pan of the hra tti and ntsts on the bw'er pan of 
the basilar portion of the occipital bone, it is continuous betfiw with the spinal 
medulla and above with the pcins- The pfirwr rests on ihr upper part of ihe basilar 
portifjn of the lueipital bane and the dorsuin sclUe. It is considerably thicker than 

• E. G uinu/m and J, Z. Yotinji, J. .* 7®, e ^>44. J, D. RobcmfOirii. J, Biophvi. Cyiot^^ 
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the tn^dulla oblongata and is difllingiiij^ht^d fit^m it by the hto^d |>and of tfansvet^ty 
coUT^ing fibres, w h kh forms a cptiftidcnibb pn^tuberante im its ventral surface The 
Ci^^hrfiiifTi^ ujiicb- consists of two fffiNupfi£/t!s^ unitctl by a median vfFfFti^^ lies pti^- 
tenor to the p<if« Slid medulla oblongata and occupies the major part of the ]>03terior 
cranial fossa. I* Cfjimeettd to the mcdulUi oblongata below, the pons tn the 
middle and the mtdbrain above, Tlic canty of ibe rhamheticcphaJon lias expanded 
to ionn thc/onr^/i tw/nV/e'. f his is continuous through a narrow central cord in the 
lower pari of the inrdiilla ohlongam with the central canal of the spinaJ medulla. The 
ia a relatively short i:onstrictcd part of the brain intervening betweem the 
rhombencephalon and the prosencephalon. \u s^^ls arc tliidt and it* ca\it>' is 
mdneed lu a narrow' canal, termed the wJiiefi connects the third and 

tourth ventricles. 


T/t^ {lifnffphahrn is almost completely hidden ftom surface view by the ccrtibnim+ 
Its lateral wall is greatly thickened to form the thalamus w bile its cavity is reduced 
in a deep slit w Inch constitute* the major pirtion of the iMrd pmtrick of the brain. 

/oe ctr^hrum is tfie niost tostraUy placed and bv far the lafgcst part of the brain 
It oecuoics^thc anieriur and middle eraivial foasiE and almost the w holt concavity of 
the vault of the skull. I t consists of two large ovoid convoluted masses, termed the 
cerebral hemispheres, iiach contains j eavitv' tcrTjicd the lutrftil vfiiitiiir which is 
conlirtiMius with thv third VL-ntridc. Ench hemisphere is composed of an outer 
layer of grey matter teimed the fnrfrx and a central core of w/nte mauer in which 
are emhcd<ted masses of grey matter, constituting the eorput ttriutum. 

ThrprHpherai Jiwrowf fvj/ejw includca a somatic coinponeni icnncd liic rewire- 
ipiNul ttrnvm lyitem and a spluttehnic component tenned the autoHo/nie timviu 
tyilftn. In the cerebrospinal system the efferent fibres pass directly from the 
rentfdnervo^s>stmtotheeffectors, Jn theautonomicnerw■>,»system,however, 
t^ efferent til^res from the central nervous sy-stent do not pass directly to tJie 
eltccioni but teminaie in ganglia placed outside the cent nil nert'ous system where 
they syTiapse wtth a netirone whose axon passes to the elTcctor. The efferent path- 
way tims consis^ of n™ neurone termed the pr*};mgl*i,:,k and pusigttngiiam. 
riie arrangement of the afferent fibres however in cerebrospinal and autonomic 
nervous systems arc hclievcd to be comparable, 

The autonomic nervous syaU-m can He furtlicr subdivided into n mfiathetic and 
^rmyrnpulkthc p^Tis. The pre-gangUonic fibres of the sympathetic pon spring 
from a stnctly limited region of the spinal medulla which extends from the first 
thoracic to the second or third lumbar segments. The preganglionic fibres of the 
parasymp^betic part leave the central nervous system in certain of the cranial 
ncrvics [ji^. 7tli, yth, loth and nth) and the second, third and fourth sacral 
ncTVEi. The efferent pre^Iionic fibres of these two parts of the autonemie 
ne^os therefore often termed the fWore/owW and crammuemi 

outflows respectively. A detailed descnption nf the autonomic nervmjs system is 
given on pp, 1133-1254, 


TIIE CENTRAL NERVOUS SYSTEM 

constitute the central nervous system include the spinal 
medulla, the mcdti^ oblonpia, the pons, the cerebellum, the mid-bratn and the 
cerebrum. It Will be found convenient to commence with the study of the spinal 
m^iiUa. wjich represents the s.mpl«t and must primitive pariof the central ncA^us 
s.«tem, and. a though it coiitams die terminals of the great efferent pathway it 

jL?hw“a1?’"’ 

The Spj.nal Mbipu-s (Cord) 

-I-he spmal mcdidi* is the elonpted. nearly cylindrical, part of the antral 
nervouK s>,iern which occupies the uppe-r two-durds of the vcrtehml SnaT S 
average laigth in the male is 45 cm.; its weight is about 30 gms It extentk fmm rkf 
c^l of the upper border of the ados vertebra to that of Fhe Imrer border^f 
lumbar vertehm, or upper border of tlie second, as a rule, but its lower end 
wnK limes W fnu n d as bigb ye t he lower bordc r uf ihc twdfE li thfjniclc verteb 


3raor as 
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low m the dipper border of the third lumbar vertebraK lia pos-idon varies with the 
movements of the vertebral column, being raised slightly when the column is 
dexed. It hm this degree of mobility In^eauae jt does not occupy the whole of tf^ 
%xrtcbraj canal and is ensheathed in three protertive membmnes termed the dura 
mater, arachnoid and pja mater wliich arc separated front each other by fluid- 
containing spaces^ the subdural and subarachnoid spaces (pp. 1079-10SS). Above, 
the spinal mcdidJa is continuous with the medulla oblongata; below, it tapers off 


FiOk Seo.—A median u^ttal Mctkm tlimujrh the lower pan of the vertebral column, 
f dmwing ihc loWEf end of the iptnsi medulla and the Blum Icrminite. 



—Tik* mhE M-ii i ti fll fl ippcv hm imm MA epcs down ta Om cif tim Sm wmiJ 

VtftEbrl- 


rapidly into a conical e^ctremity (figs. 810 and 813) termed the roiun niedh/iftm, from 
the apex of which a delicate non-nervous filament, named the fiium ittntimik, 
descends to the back of the first segment of the coccyx (fig^ 810). 

EnlaTgemefitSH—The spinal medulla is noi quite cylindrical, being slightly 
fiattened from before backwards i it also presents two swellings or eidaigtnicnt]i, an 
upper or ccrvtcaL and a lower or lumbar (fig. 811). 

The cervical entargem^t is the more pronounced, and corresponds with the 
attachments of the large nerves of the upper limbs, h extends fmm the third 
Cervical to the second thoracic segment, its nouimujn drcumfcreiice {about j8 mm.) 
being at the level of the roots nf the sixth pair of cervical nerves (S^ p, 930 ^ 

The /tfin£ar enlargement corresponds with the attachments of the nerves of the 
lower limbs. It begins at the Icv^l of the ninth thoracic vertebra, and reaches its 
maximum circiinifcrcncc—-about 33 mm.—opposite the last thoracic V'ertebra, below 
which it tapers rapidly into the conus mcduJliltis. 


] o 
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Fm, Sei.—DU stwru of tlic tpitml mi-dulk. 


AarioT 




t^ttutnUivn cf 
ikt pwnxmi^* 
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fUntr* 
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Fissiires and sulci (Rg. Sll).— 
An aDterior rncdiun figure a 
posicrior metUaii serptum incompletdy 
divido the spitid medulla into ivio 
symmtrtrienl parts^ which are joined 
aeross iKc mcdiait plane by a com- 
rrussural band of nervous matterH 
Tlir {interior mfJim ha$ an 

average depth of about 3 mm., but is 
deepest in the lower part of the spinal 
medulla. It contains a reticulum of 
pia maten and its floor is formed by a 
transverse band of white matter^ 
termed the antmor rommujurt^ 
which is perforated by blctod-vcsacls 
on thetr Way tn or from the central 
prart of the spinal medulb. 

The posterior median sulcus is veiy 
shallow ; from it a septurn of ncutno- 
glisi reaches rather more than half- 
u*ay into the subsUince of the apinsl 
medulla ; the septum v^aries in depth 
from 4 to 6 mtmp diminishing con¬ 
siderably as it is traced downwards. 

On each side of the posterior 
median sulcus and at a ahon distance 
from it^ the dorsal ner^'C-roots are 
attached along a vertical furrowp 
termed the posterolaicral sulcus. I'hc 
portion of the spinal medulla which 
lies between this and the posterior 
median septum is named thr ptfstcrior 
fitmoiltis* In the cervical and upper 
thoracic regions the surface of this 
funiculus presents a Itihgitudinal 
furrow, the posterG-mtermedmte jw/- 
ms : this marks the position of a 
septum which extends into this pos¬ 
terior funiculus and subdivides it into 
two fasdculi—a mediah named the 
fasdmlus graci/is \ and a latcraL the 
fasciculus cunratus (fig. & t~). 

ilie portion of the spinal medulla 
between tiie posterolateral sulcus and 
the anterior median R&surc is termed 
the anicroiatcral reghn. ITie white 
matter tn this region can be further 
subdivided Into an anterior and lateral 
funiculus. "Ilic former lies between the 
anterior median fissure and the most 
bicrul of the bundles of the ventral 
ner^'c roots which emerge on the 
unten>bteral aspect of the spinal 
medulla ; the Hatter lies between the 
ventral nerve roots and the (Ksstero- 
lateral sulcus (flg. Stz)^ In the upper 
part of the cervical rcglor^ a series of 
ncrv^c-roots passes outw^ards through 
the latcml funkutus^ these unite to form the spinal root of the accessory ncrvei 
which ascends and enters tlw cranial cavity through the foramen magnum 
(fig» Hiy), and conveys to the accessor>' nerv^e the flbrica which supply the fliemo- 
cleidomostoid and trapciiutf muscles. 



' turntrar 
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'Phc filum tertnimtif (figs. 815) la 3 dellcaie fikmc^t, about 20 cm. long, con¬ 

tinued dowmvafda from the apex of ihc cofiu* mtsdullaris, tta upper part* at fiium 
terminalr about 15 cm, long, m contLnued within a tubular sheath of dutft 

and arachnoid mater* and reaches as far as the lower border of the second fiacral 
vertebra. Its lower part^ otfiium fximium, is dosely invited by, and ad¬ 

herent to, the dura mater * it descends from the apex of the tubular sheath of dura 
mater and is attached tu the back of the first tbe coccyx^ The filum 

tormina Ic consists momly of fibrous tissue^ continuous above with that of the pia 
mater* but adhering to the outer surface of its upper part are a few strands of nerve* 
fibres which probably represent the nerve-mots of rudimcntaiy' second and third 


FlOfc Sia.—A tTBDAVcrfte section throuah the mid-thonck: nrgkm of the 
■pindl medulla. » & 



cocevgeal nerves furtherj the central canal of the spinal medulla is continued 

downwards into it for 5 or fi mm. 


'LhE Sl'INAL NeHVCS iVNP N KKYF>RCh3TS 

Thirtj'-one pairs of spinal nerves spring front the spinal medulla at inicr^^is 
along its length, caeh nerve having a ventnd and a dorsal nKit (fig. 814). The pairs 
of Bpinal nerves are grouped as ffdlow'S i cervicssl thoracic lumbar 5> socmI 5 
and coec)'geal 1, and for convenience of description the spinal medulla Is divided 
mlo cervical, thoracic* lumbar and aacral regions, corresponihnK with the attach¬ 
ments of the different groups of nen-^ea. ^Lhc portion of the spinal medulla itj vrhicli 
a pair of nerv^ea is attached is termed a Jtlthough there is no trace of seg- 

mentatEon visible on the surface of the adult structure. 

The uppermost spinal nerve-roots cross the subarachnoid space (p. lOoj) nearly 
horizontallv but the remainder pass more and mons oblif|uely downwards so that 
the roots of the lumbar and sacral nerv'ea pursue an almost v'crtical course to their 
intcrveTtchra] foramina. Below the termination of the sptno] medulla at the level 
of the lower border of the first lumbar vertebra these ncrvc-roots form a sitcaf 
around the filum terminals in the lower part of the subarachnoid space. The sheaf 
hears a resemblance to 3 horse's tail and is called the coiu/ii equtna on this account 
(fig. Sij)p 

I'be v^ijtraf nfTt's-rooi' eonaists of somatic and splanchnic efferent fibres which arc 
the axons of ccIla in the spinal ineduUa. A short distance from their origins these 
axons are inv'csted with medullary sheaths and passing ^jiitwards emerge in bundles 
arranged in two or three inegular row's ov'cr a distance of about j mm. across the 
Side of the spinal medulla^ . 

'I'he donal nmif-rwr is characterised by OJ^ oval swelling termed a spmal 









NEUROLOGY 










93 ^ 


ganglion. Proximal to ihia i( itno 6 or S fa^iculi which fan out to be 

attached in line or aeries along the poatero-kteral sukua. Each dorsal ncrvc-rooi 
a)n£iflts almost entirely * of afferent hbres which arise from the nci%'c cclIa of the 
corresponding spinal ganglion. Each ganglion cell gives off a single fibre which 
divides in a T-shaped manner into two processes^ medial and Jateral. The medial 

processes pass into the spinal 


Fig. —"ilfti: lower end of the ■pinal 

medulla, the filum terminoJe Euid the 
caudH equina cxpiaAed fnoni behind. 
The dura mater and arflchnoid 
have been o|iened mid ipread oue. 


/j^rp Dhqifr. 

Itiwd irirA 
ftnJdliHnif 


medulla as the dorsal roots of the 
spinal nerves, whilst The kieral 
processes are directed tow^ards the 
periphery. 

Distal to the ganglion the dorsal 
root joins the ventral nen'e-rtMt to 
form a spinaf nmv^ 
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iNTEItNAL SlUtJCTUftE Or THE 
Spinal Mebl-lia 

The spinsl medulla Ls composed 
of grey and white ncrv'ous matter^ 
in Loth of which there k a sup- 
]K>rtmg framework of neuroglia. 

The matter [su^tantla 

grisca] ia situated centiallyand has 
the form of a fluted column whicli 
runs through its whole length. On 
transverse section of the spinal med- 
ulk this column is seen to consist 
of right and left symmetrical portions 
connected by a transverse com- 
misstirTe of grey matter, the whole 
bearing a resemblance to the letter 
H. The transverse grey commissure 
is traversed by the central canal, 
which is just visible to thenaked eye. 
Each lateral pojtioti is shai^ed like 
a crescent with its concavity directed 
lateralJy, and+ as seen on transverse 
^etton^ can be divided into anterior 
and posterior horns according to 
their relacion to the transverse grey 
commissure, A projection from the 
lateral surface of the grey matter 
opposite the transveme grey com¬ 
missure is also present in some 
regions and constitutes the lateral 
horn. The terms ventral, dorsal and 
lateral boms refer only to the 
appearances in transverse sections. 
When the grey matter of the spinal medulla as a whole is under consideratton, the 
terms tmlerior, posterior and lateral grey columns are more appropriate. 

'Fhc anterior column is dlmcted forw'ards and somtwhai laterally. It is short 
but broad in proportion and falls to reach the surface of the spinal medulla^ fmm 
which it is scparAied by the anterior funiculus, 'llic |>astcrior part of the anterior 
column IB termed the btisUn and the anterior part the hut they arc not separated 
from i?ach other by any deffnlte constriction. 

The posterior colimm is directed bock'W'ards and somewhat laterally. It is 
lomr and slender, and reaches almost as far as the posterolateral sulcus, from which 
arated by a thin cxiating of white mutter^ named ihe dorujhirml k 

consists of a AoJe, which is cantinuous with the base of the anterior oolumn, a con- 


pvnvHm 


* |, Z. Yotmfl and S. Zuckfimuin ha« HU^rared [hat of theiw fibres arc cfFcreni, 
J. Anat., Lrfsndr. yt 1936-37* 
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stncted n€ch, and an ov^al or ruaiform /irod, Lhc aptx o( wtiich cap^d by a mass of 
translucent ner\'ous tissue^ tenricd the substuntia This gelatinous 

substance is V-shaped or crescentit in transverec section^ and contains both 
neuroglia and nervc-celb. 

'Ehe lateral cDEunm tft small and pointed ; ii extends through the thoracic and 
hrat lumbar segments of the Spinal medulla but docs not occur elsewhere. 

*llie limits of the grey matter artp as a rule, clearly defined^ but in the cervical 
region strands of grey matter extend into the kicral funiculus, where they form a 
network, termed the/onwauh rmculari^, opposite the base of the posterior column. 
Traces of this reticular formation can be seen also in lower segments. 

'rhe quandty of grey matter and the form it presents on transverse section vai^' 
at different levels (fig. Si 5), In the thoracic region the grey matter is small in 
amount, not only a^olntely, but relatively to the surrounding white matter. In the 
cervical and lumbar enlargements, to which the ncn'cs of the limbs arc attached, it 
is greatly increased ; ao that in the latter, and especially in the conus medu Haris, its 
proportion to the white matter U gfcalcr than elsewhere (fig. 815)* In the cervical 
region the posterior horn is comparatively narrow, while the anterior hom is broad 
and expanded ; in the thoracic region»the anterior and posterior horns arc narrow, 
and the lateral hom is evident; in the lumbar enlargement the anterior and posterior 
horns are both broad ; while in the conus medullaris the grey matter assumes the 
form of tw'o oval masses, one in each half of the spinal medulla, oonnecied together 
by a broad grey commissure^ The motor nerves to the limbs arise from groups of 
nerv'c^lU which occupy the lateral parts of the broad anterior grey columns in the 
cervical and lumbar enlargements- 

I'he central canal traverses the entire length of the spiral medylla. It is con¬ 
tinued upwards through the lower part of the medulla oblongata and opens into the 
fourth ventricle of the brain ; below^ it reaches for a short distance (5-6 mm+) into 


Fig. £^14^—A diswtim of a portion of the ipirijil mcrduLlfl Eo ahow ihe modt 
of farrmlicpn of a lypical spinal neTve+ Thc!^ i^rey mutc-r it uKo^'n Ln. 

{Afttr Testui.J 
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the Ilium terminait. In the lower part of the conus medulbris ic exhibits a fusiform 
dilatation (the v^ntride)^ which has a vertical measurement of from S to 

to mm., is triangular on cfosa-section with its base directed forwards, and rends 
to undergo obliteration after the age of forty years. 

In the cen'ical and thoracic regions the central canal is situated in the anterior 
part of the spinal medulla: in the lumbar enlargement it is near the middle, and 
in the conus medullaris it is placed more dorsaUy^ It is filled with eerebroepinal 
fluid, and lined with ciliated, columnar epithelium {ep€ndym 4 i% which is encircled 
by a band of gelatinous substance, termed the tubsimtm centratis. This 

gelatinous su^tance consists rrminty of neuroglia, but comnins a few nerv'e-cells 
and nerv'C'fibres; it is traversed by processes from the deep ends of the 
ependymal cell$. 

The grey matter surrounding the canal b natned the grey ciMnmmtirt^ The 
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part Id froDt of iht canal h 
and in contact with th« white 
conunissuTf?: it coiitam& a pair 
of longitudinal veirtSp one on 
each ^ide of the median plane+ 
The part behin d the canal reaches 
from the central canal to the 
pctstcrior median ^ptiinn ; it Is 
liiiimest in the thoracic region^ 
and thickest in the conus 
medullaris. 

The structure of the grey 
matter.—^Thc gre)' matter of the 
spinal medu Ik consists of neurog¬ 
lia p blood vesseisp nerve fibres and 
nme cells. The predominance 
of nerve ccUs is responsible for its 
grey appearance. The neuroglia 
is arranged in the form of a 
sponge-like network but in the 
gelatinous sul>stancc around the 
cemraJ canal and on the apices of 
the posicrior columns it is very 
much condensed. The ner\o 
fibres include collaterals and ter¬ 
minals from fibres in the white 
mailer^ some of which have 
crossed from the opposite side, 
the terminations of some of the 
doraal root fibres^ the commence¬ 
ments of the fibres in the ventral 
root and the a.xorts and dendrites 
of cells in the grey matter itselh 
The nerve cells arc multipolar 
and ^-aiy greatly In ske and are 
of t>pM termed Golgi type I 
and Golgi type IE neurones, 
which differ in the length and 
location of their axons. The 
asoftsof the Golgi type 1 neurones 
arc long and pass into the white 
matter where they constitute the 
fibres of the ventral roots of the 
spinal nerves, the fibre tracts of 
the ivhitc matter and commls^ 
sural fibres. Golgi type 11 
neurones have short axons which 
do not leave the grey matter* 
Most of the neuron^ are confi ned 
to one segment and are therefore 
mfr^iscgmtntaf ncruroncs. They 
form intemuncial neurones on 
the spinal reflex arcs between the 
sensori,^ neurones entering by the 
dorsal loota and the motor 


n^^umnes of the anterior grey 
column and also between the terminals and collateolE of the fibres of the descending 
tracts in the white matter {p, 939) and the motor neurones. The axons of some 
of the Golgi typt IE neurones pass through the grey matter to terminate at higher 
or tower levels and so serve to link adjacent parts of the spinal medulla with one 
another and arc therefore intenegmentat nftyrants. 

*rhe nervc-cells of the grey matter may be classified Into three main groups 
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accordins position, viz ,: the ceIJs of the antenor column, the cel]5 of the 

literal column^ and the cel la of the postefior column. 

(A) The nervc-cellE of the anterior grey eolimins.—The anterior grey 
columnB contain Lhe cells of the effector neuronea Vr'hoae axon^ fonn the fibres of the 
ventral roots which supply the voluntar)^ muscles, l^hese are mainly large multi^ 
polar cells of 2 % /a diaTnelcr or over. In additiofi there are small ov^ cells with a 
diameter of which arc believed to be cem-cemed with the innervation of the 

intrafusal fibres of the muscle spindles. All the multipolar cells are not however 
motor in function nor arc all the small cells concerned with the muscle spindles. 

The cells of the anterior grey column tend to be aggregated into longitudinal 
columns and in transverse sections appear as clusters.* The precise arrangements 
of these columns, their homologies in the different regions of the spinal medulla and 
their functional signifi-ainoc arc however uncertain.f 

In the cervical and lumbar enlargements the large multipolar cells arc arranged 
in two main groups, medial and late nil. The mediaJ group includes an anierri^ 
media] and a postcm-medial column. The cells of the antctro-medial column give 
rise to the axons which innervate the vertebral muscles supplied by the dorsal rami 
of the spinal nerves and the cells of the postero-medial column give origin to the 
axons for the ventral rami and are concerned with the innervation of the remaining 
musculature of the trunk. The lateral group of cells h presumably concerned with 
the iitncrvaiion of the limh mu^tilature. This group can be auhdivided into antero¬ 
lateral, postcro-lateral and post postero-lateral columns which have been related to 
the innervation of the musculature of the shoulder and arm, forearm and hand 
segments in the cen-ical enlargement and to the corresponding segments of the 
lower limb in the lumbar enlargement J (ftg. 8i6). 


Flo. 8 j6 .—Duiinmm of ^ inmaver^ fecUon through the spUial mEdidln to ah™ the 
poriiions of the pHndpoI cell column^tr 
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Elsctvhcrc in the spinal medulla the lateral group of cells is absent but antem- 
medial and postero-medial columns of large multipolar cells can be distmgnished. 
l^hougb these are continuous with the corresponding columns in the cervical and 
lumbar enlargements their homologiea have been questioned. Beyond these enlaige- 
ments the cells which give origin to the dorsal and ventral rami of the spinal nerves 
are scattered throughout the entire anterior grey column, though the cells of origin of 

• L. Jacobsohn, Abli. Prtvtt. AhiJ. Phyt^ K.L., 1955, aud A. Bruce, A 

Topografftietil Atlfii ti/iht Spiwt^l Ci^rd^ Laedon, tqiOi. 

f G, J, Hemfloeftp iin Spinal Cord, London. [9^3. 

t Ji ^'L . 4 Tnrr,y. ig^S, 
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tltc fibres of the: veniral rsmii are most numerouA dor^ikteroily and those for the 
dorsal rami arc most fiumerous veiiiro-laterally- Only the most %'ciittally pLic^^d 
cell* are solely concerned with the innervation of the dursat musculature of the 
tnmk- 

'riic smiill ovot celb of the grey matter arc scattered throughout the anterior 
column but arc also concentrated in a wdl-marked nucleus on the ventral edge of 
the gtey matter iLn the lumber region where they arc called the spinal border 
cells. • 

Functional aigniiicariCC of the cells of the aniertor column.—The motor 
cells in the anterior grey culunm cxinstiiutc the last neurone in the scmiatic efferent 
pathway {final ammmi muim path). Their asons inrervatt striated niuscic fibres ; 
some of them arc conecnied exclusively with the innervation of ilic itnmlusal hbres 
of the muscle spindles (see p. 926). Their synaptic connexions are exceedingly 
numerous. In the cat it has been cstimaied that the number of end-bulbs nn one qf 
these cells, including its axon hillock^ the adjoining parts of the axon itself and 
the larger dendtitcs^ exceeds a thousand in the case of a celt of average size.f They 
receive nerve-impubea from n vsiiicty of sources and transmit them to the miiscles, 
which can thus l>e brxiught under the contrul of the cenrbnil cortex, the cerebellum, 
the corpus fltdatum, ibc vestibular and visual apparatus, etc. Destruction of the 
motor oella, or the division of their axons^ is followed by the phenoToena of muscular 
dcgcncrationt tehfh nat Tfsuh f rum any athrf kmti ar comhmufum &/ 

iaums of (hr tirtvam sysfr^ but tlic explanation of this is uncertain. Destruction of 
the great elfcrent pathway from the bmin will cause paralysis and, after a periods 
atrophy of the mu^le fibre* poa&ifaly from thsiisc^ but the atrophie<l muscle retains 
its peculiar structure. 

For SmI reficses the anicrior column cells arc linked by intcmuncials with pos- 
tcrior column cells of the Bamc^ and of adjoining segments, and the constant stream 
of impulses which they receive horn this source is responsible for the reflex activity 
of muscle fibres and has an influence upon their non^ myotonus. Section of the 
dorsal nerve-roots interrupts the reflex arc and, therefore, abolishes reflex activity, 
and dimiiiishes muscle tonus. 

Volitional control is exercised by ihc corticoapinal (pyramidal) tract acting 
through ayjtapsea made with iniemundal cclIa in the base 0/ tlie posterior grey 
column,, which linli ihctn with the motor cells in the anterior grey column. But in 
order that the muscles may respond rapidly and effoctiveJy to volidonal control they 
must be in a state of ^ ideal tonus ^ and this condition is usually attributed to the 
Influence of the cortex. Destructian of the great motor pathway tn the internal 
capsule (p. toyo) reaults not only in the loss of all volitional movement but also in 
hypertonicity of the affected muscles. This increase in muscle tonus was previously 
regarded as being due to the loss of the inhibitory^ control exercised by the motor 
cortex^ but there ix now evidence that the hypertonicity is associated with 
damage to the extrapyramidid system {p, 1077). 

Bvnergic control is exercised by Uie cerebellom and is essential for oq-ordmation 
of dillerent muscles and muscle groups during tJic performance of volitional move¬ 
ments. llic efferent pathway from tj^e cerebellum (p, 1077), w^hicli is regarded by 
some ^ part of the exttapyramidal system, passes to the red nucleuii in tive mid- 
brain and to the thabmus. Thereafter the pathway taken m uncertain fp, gSs&j but 
its interruption leads to rrmacular inco-ordination during the performance of 
voluntar)^ movements, which are then carried out in a jerky and exaggerated 
manner. 

The corpus striatum is an important constituent of the cxtrapyramidal s^'stem 
(p. 1076) and may p<jsstbl]r exercise control over automatic associated movements 
(p. 1067): its efferent paihw-aysair dbicussed on p. 1066. In some cases of hemi¬ 
plegia, a patient, paiul^'scd in the upper and lower limbs of the same side so 
far as volitional control is concemea, may, especially on yawning when waking 
from sleep, stretch both arms above his he^* TJiis movcmctii is carried out un¬ 
consciously and always in association with the limb of the opposite side; it has 
been explained as an automatic associated movement inaugurated by the corpus 
striatum, but it may alst? be ascribed to the innervation of the muscles on the afTcctcd 
side by the cortex of tile contralateral heunisphcirc (p, 942)* 

• S. CuDper fttid C. S. Shvrrina^on, Htmn, 63, igyfo. 
t M. L. Barr, J. 7,^^ 1039, 
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I'hc v^stibulai' apparatus cohiidIs udcanscious equilibratot)^ iriov^TTieriW. The 
efferent pathway runs In the %'cstibulaspmsil tract dirccL from the lateral nucleus of 
the %'eslihular fierve to the cells m the lienor gray column, llie visual apparatus 
exerts its Jivflucnct through the lectospind tract (sec p. 9^4). 

(B) The cells in the Istteral grey column.—Thc$c cells arc smalEer than those 
tn the anterior grey column. On transverBc section they constitute the 
fafrtiti group of cclLs^ which extends from the first thoracic to ilic hrat or second 
lumbar segment and reappears again in the second^ third and fourth sacral segments. 
In the longer upper part of its extent this celhgruup is tcipunsibk for the surface 
projection of the lateral gray columOf and its axotis pflss out in the ventral fiervC' 
roots as pre-ganglion ic sympathetic fibres (p. laoijp and traverse the white rami 
communlcantcs to reach the syinpathctie gangliated trunk. There* or in a more 
peripheral ganglion, (hey form synapses with neurones which send their axom, as 
postganglionic fibres (p. t20t), to glands and cardiac or tinstriped muscle. In the 
sacT^ part of Lta extent this celJ-gfoup h not clearJy demarcated and produces no 
surface projection. Its axons traverse the ventral nerve-roots and ventral rami of the 
corresponding sacra] nen'es and eventually constitute the ' pelvic splanchnic 
nerves" (p. tioo), which repfesenl the sacral contrihuiion to the parasympathetie 
system. 

It should be remembeied that this ceD-group i& a derivative of the dorsal part of 
the basal Lamina (fig. 140), and it rerains the same rdative position in the adult. 


FlO. Si 7,—A cornpqwile dlJErini qf the prindpad UnetH of the white niBEier of the 
epinal medulla. The ucendiog tracu arc thown in blue on the right aide of 
the htnirc ; the descendlnit CmctB are ahoMTi in red on the left side, and the 
intersejpnenliT trsetB arc vhown in mniive qn twth £ic]ca+ 
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(C) Nerve-cells of the posterior grey column-—In general these arc smaller 
than the other cells of the grey luaiter and I>e 1 f>ng to iiucmundal or connector 
neurones, Aa in the anterior gray column they are not uniformly distributed but are 
arranged m clusters which extend as columns along the length of the spinal medulla. 
Some of these columns ara more clearly defined than others.* 

Capping the posterior grey column is a narrow marginal xiine containing large 

* For deiaik b« tl, l.Ar»c-11, Anatomy sd ^^rcowt Syntfftf and Editk^i, New Yorkp 
* 9 $ If and h\A- MettlvTp Nwuriatmiimy^ md Fditkm, I^ndGui, ty+K. 
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apmdlr-shupcd or pfilygnruiL cclb und deep lo ihifi the fubstuntiu gela/in&s^. Tills 
i:oi:i5i^is ijf Lar^ numbers uf closijly packed cells idtcrmiiigkd wkh numerDUS bundles 
of fine nerve nbres frum the dorsal nen't roots and is seen as a pale, opalescent 
in Weigen prepaniticpn> It extends the entire length of the spinal medulla and is 
continuous Jtbove, in the medulla oblcitigsta, with tl>e nucleus of the spinal tract of 
the iriRciTilruU nerve- 

A second well-defined column of nerve cells, termed the ihtiradir mdem occupies 
the medial part of the base of the posterior grey cnluirm in the thoracic and upp^r 
lumbar segments of the Spinal medulla. It is dvtiI In shstpe and over much of its 
length forms a conspicuous projection at the base of the postenor column. It id cut 
off from the resi of the grey matter by a cnrv'cd bundle of hbr'^ which will s^mapsc 
around its cel!. The thoracic nucleus is composed of large and medjum-sisurd oval 
or piriform nerve cells with cnamc Klaal granuli^ which are often few m miniber 

I'le. A dugnuu id ihuw the chief ejctEmceptive pethwa^'ia |p the Apinid medal lit- 
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and ranged close to ihe nucleus, which is frequently cccefiirie in position. The 
individual cells arc surrounded by hasket-likc networks of nef>e fibres. 

In the mid-ccrt'taal and mid-sacral region of the spinal medulla there are two 
groups of cells constituting the cercjco/ and r-ucT^ri/ nar^fd which occupy the postero¬ 
medial part of the base of the posterior column. 'Fhese consist of small cells and 
although they lie in line w ith the ihoradc nudeus their cells differ morpholngically 
and apparently there is no doar functional rdationship bciwetai them. 

The central regions of the head and neck of the posterior grey column contain 
large miillip<jlar cells which cxtncd thmughout the entire length of the spinal 
medulla. Thest^ constitute the ctnirti! mognotrUuhr nuefeus. 

Some authnriiies bcUcAc iliat the nerv-e cells of the entire Spinal j|pncy matter are 
arranged in a series of superimptJsed laminae from dorsal to vcnlnil^ the f^ucceeding 
lamiiue being differentiated fn>m one another by the characteirs and arrangement of 
their contained cells.* 

From the functiomiJ point of view most of the Gtilgi type I neurones in the 
posterior column can be grouped as follows ; 

(fl) if?hosf nxr?m arr destined far aiher segments of the spinat medulla .— 

These cdls arc scaiicred throughoui the posterior horn. Their axons pass Into the 
imcfscgmvntal tracts of the uliitc matter of the same and the oppostte Hides and tJicn 

* B. J, RcMfi.J. Cirnnp, Nfurot., 96# igjJ. 
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tutu iip\i‘4)Lfd& or downwards to reach a hy^tier or lower aegmeni of ihc spinal 
medulla, where they form synapsrfs. By means of these L^AnocIona sensory 
impulses coming m vta any dorsal nen'e-roQT may result in 4 motor response in¬ 
volving a numlwr of segments. 

(fi) AVuroHfr tehoi€ axons are itesiined for tite cerr6r//i#jw.--These bcUmg to the 
proprioceptive system and the cells are situated in the dorsal nucleus or elsewhere. 
The axons of mtist of them pass into the peripheral part of the lateral funiculus of 
the ^ame or oppoisiteside and there aeernd in the anterior and posterior ipmicertbetiar 
tracts. 7 ’'hrough these pathways propriodeptive impulstfs reaching the central 
nervous system fmm the muscles and joints via fibres of the dorsal roots of spinal 
nencs or via cDllaterals from them, pass to the cerebellum so that they can play 
their part in ihc mechanism vt mu^dar eu-ordinacion. 

(c) Neurones whose axons ore drsiiited for the thalamus .—The celb of most of 
these are probably to be found in fhe suhsiantia gelatin osa aithougb it has been 
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Pnmanf iwtirtfta, tiirf s irdtuea^untiij md mtmttflnuntil 
Mack z ■|ijiia-ccTcl>c:lE4ir iKunmc*. Styttt%! : itnnat-iDcbii: r^z 

flUl eomHlfilfl DRJHAal. /vd. 


claimed that they occur also in tile ceniral magnoccllular nucleus.* 'ITicir axons 
Cfi^ to the opposite aide of the spinal medulla either at once+ or after ascending one 
or tiivo sclents, in the posiertor funiculus. I'hEMc which cross at nnec form the 
hterai spinoihaiamk tract (p, 944); those whieh delay their crossing form the 
jnUcrj'or spinothaiamie iraci (p* 941). It is along the former thru impulses Cmicemcd 
with pain and ^nsatioris of heat and cold reach the higher centres. 

(J) Neurones tchase axons are desknrd far the mid^ram.—The axons of ihese 
neurones cross to ihu opposite aide of the spinal medulla and ascend in the spimtectal 
trad of the ktcnal funicutus. They form the ascending pathway for spinovbual 
reflexes (p. 944). 

The white matter of die spinal medulla consists of nerve fibres and ncurt^glia 
and surrounds the gray matter ; it is white because large numbers of the ner\e- 
Bhres are mcdullatecL Mlif nen'c-fibres are arranged in Uiree columns ; anteriorK 
JaicmJ, and posterior funiculi (fig. Ri2). "Lhe nerv^e^-fihres vary iti thicknesa; the 
thtnntrst are found In the fasciculus gracilis, the dorsilatemi tract (p. 945and the 
Central part of the lateral funiculus i the thickest are situated in (he fasciculus 
cuncatus^ the anterior funiculus, and in the peripheral part of the lateral funiculus. 

"^nie nenx’ fibres of the white matter cansist of {i) fibres to the ventril and ftom 

* Oi. LartelF, Anatomy of r/ie ^eTtom SyMiem^ ands Edition, Nipw Ycrfc^ 1951^ 
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the dorsal ncr%e nxits, (2) fibres of the Anterior iriii posterior white eominsssu^. 
(3) fasciculi praprii or associatiun fibres, and (4) fibres iritcr-conneeiing the spinal 
medulla and the brain. 

I’he fibres of the vtmlml rufjl are ihc axons of cells in. the anterior and lalerAl grey 
coliimn-H, They pass laterally with a downward inclifiaimn through the lateral part 
of the anterior runieulijs to emerge at the antcfx^btcral aapcei ot the spinal medulla 
as the bundles of the ventral rcMt. Bcibrc leaving the spinal medulb these fibres 
frequently give off ccdkterals which rc-enter ihc grey m.^iicr and raitii^' there. The 
fibres of the dorsal fi>oi enter the spinal nieduria ai the posterolateral sulcits and 
separate inUi & medial bundle of coarse, mcduilated fibres and a lateral bundle 
of line rncdullated and non-mediillatcd fibres. All those divide into ascending 
and descending branches, many of which, in turn, give aillAterAb which enter 
the grey ntatier and synapse with iu cells. The descending branches arc short and 
soon terminate in the grey matter. I’hc ascending branches are grouped into long, 
intermediate and short fibres. The long fibres of ihe medial group a&cend in the 
posterior funiculus to ihc ineduIJa oblongata where they icrtninaie hy synapsing with 
the celiii of the euneate and gracilc nwclci (p, 953); the short fibres enter the grey 
matter and synapse with its cilia after a distance of only 5 to 6 mm., w hile the 
iittetmediate fibres, after a soiiwwdtat longer course^ have a similar destination. 

The fibres of the anterior and posterior white commissures cross the spinal 
medulta in front of and behind the grey ronimisaure reapcctively. Many are not 
strictlv commissural but are fibres decussating before entering or leaving the grey 
matter. 

The FaseicitH proprii contain the axcuis of Golgi type II neurones w'hiah form 
imersegmeniiil tracts Jinking different parts of the spind medulla. They therefore 
have their origins and terminations in the grey matter (fig. S20.) 

The fibres inter-cxjnnccting ihe spinal medulla and the bmin, the fasciculi 
proprii and the ascending and descending branches of the dorsal root fibres are 
grnuped into more or less definite bundles or tracts. These are rot rexT.sgni 9 ahk 
fTom one another in the natural state, for the inch vidua) tmets are not surrounded hy 
special sheaths and there U ahrays some intermingling €ff the fibres belonging to 
adjoining tracts, 'rhe identity of the individual tracts described Inflow has necn 
established by the following methods. (1) A. Waller discovered thAt if a hmidle of 
nervx-fibres is cut, the portions the fibres w hich arc separated frotn their cells 
Tupidly degencniic arid become atmphied. This is known as IViiHirruitt drgfflerdriow,* 
Similarly I if a Erutip of nerve-cells is destroyed, the fibres arlBrng from them undergo 
degeneration. Thus, if the rm?tor cells of the cerebral cortex are destroyed, or if the 
fibres arising from these celEfi are severed^ a degrnrrution fron^ the seat of 

injury takes place in t he fib res, I n the same manner, it a spinal ganglion is destroyed, 
or the fibres which pass from it into the spinal medulla be cut, an iucfitdh^ 
tion occurs in thest fibres above the lesion, (a) In the early stages of the develop¬ 
ment of the nenous systemp the ticrvc-fibres are naked axis-rylinders ; groups of 
nerve-fibrea acquire tfreir medullary sbeaths at different perisKls; hencK the fibres 
can be grouped according to the date^ at w hich they receive these shcathAn The first 
fibres to acquire medullary aheatha are those of the nen'e-rsx>ts and of the snieraeg- 
mental tmcTS: the last, thu^ of the corticospinal tracts (p. E07S), (3) Golgi^s 

method of aimning nervous tissues allow s the course and (iir>dc of icmiinaticiii of the 
axiS'Cylindcr processes to be followed. 

Tracts in the anterior funiculus, i. Descending tracts,—(«j I'hc injlmor 
cmikQfpmitl iraft is usually small, but varies in size inverBely with the lateral cortico¬ 
spinal tract. It 13 present only in the upper part of the spinal medulla ; gradually 
din^inishing in size os It descenda, it cannot be traced below the middle of the 
thoracic regitm. It consists of fibres which arise from cells in the motor area of 
the cerebral hemisphere, descend uncrossed to the spinal rneduila and temiinote 
for the Tiiust part hy arborising with intern uncial neurones in the base of the 
posterior grey column of the opposite aide. I'hcse, in lum, link up with motor 
cells in the anterior grey column (steaha p, 915), 'rhis tract is found only in man 

• Seoiewhui Inter a ehan]^, icfTiied r^iwaro/yfij,. tukw pliee in die neeve^lU, iind 
couiiil» of the breaking down and uJrimate diHappcanickCe dF tbe Nissl'a bodies. The Cell 
body twcllt^ the nueteuii ii diEpiaced towards the periphery of the Cell, wid the pan nf the 
aion flill attached to the sltered eeU diminuhes tn lize and atrophies. Under farauroble 
coniiitionBi the cell ntny returns it* normal appCiinince, and its axon may i^row ogiLtn- 
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and m the anthropoid apes, but its precise si^nificai'LL^ is unknown. It is some¬ 
times absentp 

(A) Tile v^sfibuloipiml which is derived from the large cells of ihc lateral 
vestibular nucleus {p. 965), descends in the anleriut funtojlus; its fibres end 
Liround the ceBs in the anierior grey a?lumn. This fasciculus is uncrossed and 
brings the anierjor column ceUs under the conlrol of the vestibular nuclei of the 
same sidc^ serving as the efferent path for eqiiilibmtcr}' control The most laterally 
situated fibres of the^ estibuEospinal trad have been described as taking ongin fruiii 
the inferior vestibular nucleus 0/ ihe S\id\ an arningciticm ofFeis an 

appropriate pathway to ensure the nelixatton of the corresponding muscles of the 
opposite sidcj when the jpsikteral inusclt?s contract in rc^jpnuse to stimulation 
through the (uncrossed) vestibulospinal fibres. 

(c) A small sulcomaF^nat iract * adjoins the ariterior median fissure. 

2i Ascending tracts.—'rhr anterior rpimtkniamic tract constitutes an additional 
patinvay for certain elements of tactile and pressure sensibility. The firj^ 

eoncemed in this pathway enter the spinal medulla from the tforsa] nervu- 
ftxjts and ascend for two, three or more segments in the posterior fimiciilus before 
ending in synsptic connexions with cells in the posterior grey column of the same 
side, .■\ccurdirig to ^nic authr.iriticsHf many of the long iisccnding ftactUel fibres In 
the poarerior funiculus (p. 945) send rotfaterais into the ipsilatenil posterior grey 
column where they end in s)Tiaptic connexions with cells there. All the second 
neurone fifirt$ of this pathway an; the axons of these cells In the posterior grey 
column and they cniss tri the vvhitc commissure to reach the contralateral anterior 
funiculus^ where they enter ihe anterior Bpino-thalamic tract in w'hich they ascend 
to the niedulb oblongata (p. 941). There they appear to mingle with+ and become 
lost amongst the fibres of the medial lemniscus (p^ 953). 

3. Interscg mental tracts (fasciculi propdi).—The remaLning fibres of the 
anterior funiculus corLRtinjte tise anUtiitr ifftirsegmenial tract, li coiisisis of longi¬ 
tudinal inicrscgmenial fibra w hkh arise from edb in ihc grey msttcr, and, after a 
longer or shurier course^ re-enter the ^y matter. Some of the fibres of this tract 
pass upwards into die medial InngiiUEliirtal bundle fp. 994)^ 

Tracts in the lateral funiculus^^—1+ Descending tracts. 

(*i] The lateral corticospittal tract (crt>s&ed pyramidal tract) exlenids throughout 
nearly the wlmlc length of the spinal rnedtilla. It gradually diminisbea in size as U 
descends, and it ends about the level of the attachment td the third or fourth sacral 
nerves. On TninsvcrBc section it appears as an oval area in front of the posterior 
hom and medial 10 the posterior spiiificerebellar tract (fig, 817) ; in the lumbar and 
oacml regions, where the posterior i^pinocerebellar tract is absent, the lateral cortico¬ 
spinal tract teaches the surface of the spinal medulla. I ts fibres arise from cells in the 
mDlor area of fhe cerebral cortex of the ofipfmte side (p* 1041)1 ^Hiey pass do^vn- 
wards in company with tho^ of the anterinr corticospinal tracts but cross tn the 
opposite side in ihc medulla oblongata and descend in the lateral funiculus of the 
spinal medulla ; they end, like die fibres of the anterior corticospinal tracts 
on intemuncial neurones situated close to the base of the posterior grey cuIutuii 
or in the adjoining part of ihc base of the anterior grey column, and these, in 
tum^ link them in the motor celk of the anterior grey column, usually ot several 
aegmertta of the spinal medulla. In consequence of the inierpositson of (he 
internuneid ncurcincSt ^hc fibres of the cortLcospina] tracts corttspoml not to 
individual miuiclcs but to associated groups of muscles.l It is bclicvcdr however, 
that a few of the fibres may pas^s direct to die motor Cclk of ihc anterior grey 
column. 

The anterior and lateral cortic<»plnal tracts constitute the motor pathway of the 
spinal mcdulli. They descend through ihe internal capsule of the cerebrnm* 
traverse the cerebral peduncle ami ptjfts, and enter the pyramid of the mcdulb 
oblong-ata. In the lower part of ihe pyramid about two-thirds of them crcjss the 

• AcoQrdif\E tq some juthoriiies (hit inwi it fomtd by tJw e«M«ed iihres ot iht [evioApinal 
palhyiriiy (p, ^ iuXDTdinn ta ntherx^ the intct it dimily Continuout wiih the xnedial 

knpEiiiiif^ijt bundle .it the Iqwitr limiE: qf the ni-cduHa obloUBiita. 

t S. \V , Kanovn, A ma^mv of ihc SyiFcm , ijth Editinn. Siiundeis, PhiladcEpliiii, 

( Sir EL Shurpcv-Scharer, Pcoc. Phyriidogieiit Soe.^ 'md E. C. ItofT nnd Hoff, 

Brain, 57 , 
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plane and niri downtvatds in ihc lateral furLictilus the lateral corticospinal 
cract while the rcmaiTiing llhtc^ do not ctuss^ but arc continued iino tht Jianic side of 

the spinal medulla^ when^ they form the unfmor 
iorticojpifiiit inict (Hg. 817). Thca- is both esperi- 
mental and clinical evidence to show that the latent! 
corticospinal tract contains Htme fihres which arc 
derived frorti the cerebral hembpherijofthesame side 
(utterfiSSi^tl iiiieraf ^ftrikoiprnt^f It has been 

esti mated * that these fibres constitute one tenth of 
all Ihc motor hbrtis. They caxi be identified as low 
down as the ihitd sacral sqpncm, and arc said to 
terminate like the erased fibres but wi tfie sitmr side, 
{A) ITc ruhrusphiit trad lies anterior to the lateral 
conicmpinal tract {fig- Si7), and on transverse sec¬ 
tion appears as a somewhat triongulax area. 1 ta fibres 
descend from the mid-brain, where they have their 
origins in tbe cells of the red nucleus of tlic teg¬ 
mentum of the opptHJiesidc (p- 995) ; they end by 
fanning synapses wdth the cells in the anterior grey 
column^ Through this tract the cells of tlie anterior 
grey column are bojught under the influence of the 
corpus striatum and perhap^^ also of the cerebellum. 
TJmj latter esfcrdscs synergic control, wfiitc the 
former is the principal subcortical centre associated 
with the extra-pyramidal system (p. 1076). 

(e) 7 'be iecft^sptaeil tmet is anterior to the nibrcH 
spinal tract; its flhres originate in the superior 
colliculus of the oppissite side.f and end by forming 
synapses with the cells in the anterior grey- colunim 
especially in the cervical segments of the spinal 
medulla.I This tract provides the cficrcnt pathway 
for spinovisual reflc.xcs (rre uho p. 9^4). 

(j) The ir^iet arises in the vicinity of 

the olivary nucleus In the medulla oblongata and is 
seen only In the cervical region of the spina! medulla,, 
where it forms a small triangular area at the peri¬ 
phery, elude to the most lateral of the ventral neiV'c- 
roots. Its fibres form synapses with the cells In the 
Arivri»fUio)^ anterior grey column. I'he precise funciional sig¬ 
nificance of thii» tract is unknown, but it forms one 
of tbe descending pathways of tlie cxtrapyramidal 
svstem (p* 1076)^ In view of the uncertainty which c.vists w'ith regard to its pre¬ 
cise origin in the medulla oblongata, it Ib frequently termed hulimspitml truci. 

2. A»ceadtflg tracts.—(fl) The pi^steriar spinocmMlar tract is a flattened band 
situated at the periphery of the posterior portion of the laiera! funiculus ^ medially 
It is in coniact witri the lateral ci:>rtlcospinaJ tract; liehind^ with the dtirsolateral 
tract- It begins about the level of the second or third lumbar ncn'c^ increases in 
Bisje aa it ascendst and finaJiy passes to the ccTebellum through the inferior cerebellar 
peduncle, ita fibres Are the axons of ihc cells of the dorsal nucleus 0/ tht uimr ride. 
This nucleus receives ajjrrfru impulses fmm two sources, (l 1 Many of the long 
ascending fibres of the posterior funiculus give off collaterals which form s^Tiaptic 
connexi^ms w iih the cells of the thorade nucleus, (z) Termifmls of the intermediate 
ascending fibres of the posterior column nsay heliavc in the same way, (specially in 
the thoracic Mgtncnts of the s.p\m\ medutb. It is uncertain which of these two 
sources preponderates in the formation of rbe posterior spinocerebellar tract. 

ib) I'he ffffitTtor spmocrrfMfar trad, as seen on transverse section, ib a crescentic, 
flattened tract which dccupies the periphery of the lateral fitntculus, in fpcintof the 
area occupied by the fuistcrior spm«>cereb^l1ar tract. The precise origin of its con- 

^ ] :F. t'ubon and S>. Shethjin. 7 -'trraf.. Ijood^p 69^ 1935. 

f .Acccirdifift to »4ifnc Authodit^i ihin tfict ames iti ihc superior eollicuEiisi af the wimi? ode. 
See ftKunotc p. ^ir 

T. HjwjTUJJito^ J. Cimpr A'fuf,, 6j, 
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stitucnt fibres cannot be rcgardiid as settled p but they arc bdieved to arise in the 
Ifli^gc cells of the poBteriur grey column. I'kcy are therefore fiecondaiy ncurdnes on 
the spinoccrebcLlar pathway. I^he primary ntrurontTs coneemed arc probably 
similar with th{»e described above in coime.tion with the posterior BpirK>ccrcbellar 
tract, but the secondary neurottes are mostly derived from the uppositc aide of the 
spinal mcdnlla^ only a snuill proportion ascending on the homolatcral side.* ^Fhe 
tract commcTices in the upper lumber region and e^tcnds upwards to the upper part 
of the pons, where it turtts downwards and backwards in the superior ccrehelLiir 
peduncle to reach the cerebellum. 

The fibres in the spinocerebellar tracts liave a laminated arrangenient with those 
carrying impulses from the lower limb being placed moat superficially. *rhcy 

F|o^ tu ifluJiiratE the □rgajLtaa.tiDii of ihc £brw tn chtf 

poiteHor funiculn^^ the Lalewl corficospiiial traei find the btenl jind anteriar 
tpmothdliimk ETBCtit. The ert>»-«eeliQnal irsua of ihtse tracts are coJi^idcrably 
to provide adi^uatc Afler Koersici-. ^Repradyeed by kifie 

penniEsion of J. Sprinj^r, BcHin.) 





(.rrmfui 


/ VeiJiif T 

.'fnwjirnl 

/hfifion 


convey to the cciebellnm impulses arising in the locomotor apparatus and essential 
for the adjustmetiis of muscle tonus and for synergic control duriEig the performance 
of voluntary mnvrmenta. As already stated (p. 938), the dorual nucleus dimin^hes 
in si?c as it is traced upwards and does not extend higher than the firdt thoracic or 
last cer\'icai segments. It would appear* therefore^ that the posterior spinocere¬ 
bellar tracts arc concerned ehiefiy with the trunk and lower limbs, and evidence has 
been adduced f to show that the corTespimding proprioceptive impulses from the 
upper limbs travel by the dnraal external arcuate fibres in the medulla oblongata 

(p. 

(f) The 5pim}-‘fhaitmk irart^ which tics medial to the anterior spino- 

ccreljcUar tract in the lateral funiculus of the spinal medulla is an exteroceptive 

■ J* JoTiflen ttTtd Bradm]* Aip^tt 0/ CuraMftfJ" Amffimy, Oslo, 1954. 
t A. Fer raiu an J S. E, Burtera, Arth. Xnirof, Fiyfhuii,^ ChicdeD^ 33, 
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pathwTiy conveying pahiful and tkfrmal srn^ftifity /ffoit the oppoiitp dd£ of fhr bijdy, 
Vh^ fell brtdtira of tlic first nmrfjftrs on this pathway Im in tKc spinal gajig^lia and their 
central pToccsscs^ which arc untnyelinatcd, or only finely myelinated^ enter the 
spinal medulla as the lateral group of the fibres of the dorsal rtxsis (p- 940). I'hey 
ascend for a very short distance—one segment or less—in the dorsolateral tract 
(p. 945) and then enter the substantia gcbtlnoBat in which they terminate by fomibig 
synaptic connocions with its nerve-cells. The irfram/ ftturane fibres run forwards 
and medially, traverse the white contmif^urc and gain the lateral funiculus of the 
opposite side where their fibres turn upwards in the tract, which ascends to the 
hraiji-stem in intimate rclntion throughout with the anterior spinooerebcLlar and the 
spinDtcclal tracts (fig. 817). Finally^ having traversed the brabi-sidm anti the 
subthslainic region they end in the ventral nucleus of the thalamus (p. icoi). Tlicfe 
is clinicsil evidence which i$uggests that a few of the fibres take origin in the sub¬ 
stantia gebtirioea of the sidcp 

The fibres tlie anterior and lateral spinothalamic tracts show a Uimmatfd 
arrangement, those derived frum the sacral segments being placed nearest to the 
surface of the spinal medulla, those from the lumbar segments adjoining them on the 
medial side, those ftnm the thoracic ^•gmenia being medial to the lumbar fibros, 
while those fmni the cervical segments occupy the deepest part of the tract (fig* 831). 
'rhis arrangement is of considerable practical importance to the neurotsurgeon^ and 
it is maintaitted tiiroughout the passage of the lateni] tract through ihe medulla 
oblongata and the pons. In the midbrain, however^ the fibres from the Jower limbs 
extend doraally ana in this part of their course it is possible for the surgeon to divide 
the pain and temperature fibres from the upper limb and trunk without injury to the 
corresponding fibres of the lower limbi* 

Although it is generally accepted that the lateral spinothalamic tract is the pre- 
domidjint pathway for somatic painful and thermal sensibilitys it has not in- 
fnrqucntly been stiggcsted iliat an alternative pathway may cnisi sind is provided 
by a scfiei of tntersegincntal fibres witli tl^ir ncuional txidics situated in the grey 
matter of the spinal medulk. In addition^ the spinotectal tract has been regarded 
by others t ^ an altcmativ'c pathway for painful and thermal sensibility. 

Little definite information is available concerning the pathway followed by pain- 
ftil impulses arising in connexion with pathoJogied conditions of the viscera. Tl 
has been clearly shown that the first neurtine fibres travel in the splanchnic ncjx'ts 
and it seems certain that they enter the spinal mcdidln vi^ the white rami commiini- 
eantes and the doroal rtjr^ts. Whatever pathway they follow in the spinal medulla 
they are all interrupted by llie operation of bikueral cordotomy of the lateral 
funiculi carried out at the level of the fim thoracic segment4 and on this account 
it luis been suggested that they travel in the lateral spinothalamic tract. I'hc reader 
should note that^ although hitherto defined as being formed by the union of the 
kfcral and anterior spinothalamic tracts^ the rptnal ^cmFrirriir niay now be defined 
n’tore accurately as the direct upKarJ rantiiiuathn 0/ the tataral iptrinihalamic trad 
tmly into the brainstem (p. 958). 

Owing to the fiict that the fibres w^hich form the lateral spinothalamic tract cross 
Bt dnee^ decussating with the conre&ponding fibres of the opposite side, lesions 
affecting the conmissural area, such as occur in the disease, wltJ 

pri:Kiuce a bilateral less of painful and thermal Eensibitiiics for tKc particular areas 
involved* 

(i/) The spinolgrtat tract is placed medial to the anterior spinocerebellar tract 
and anterior to ihc lateral spinothalamic tract, the three tracts btiing intimately 
related topographically thmughoui their aseendtng couise in the spinal medulla md 
brain-stem. Its constituent fibres arise In the posterior grey column of the opposite 
side and soon cross the median plane to reach the Ijitcrai funiculus^ ^Hiev ascend 
to the mid-brain where they terrni uate i n the auperlor colliculus of the [ uctum. They 
prov-idc an ascending pathway for spinovisual refiexes. In this connexion it is to 
be remembered tltat the superior colliculi constitute a reffex centre on the visual 
path and are not concerned with the transmission of visual impulses lo the cerebral 
corte.x. .Afferent impulses passing up the spinotectal tract result in itioverncnts of 
the head and eyes loivards the source of stimulaiion. 

* A. Eiifl Walker, Arch. .Vrai-W. Ptycfiifit.t 48, ly^a. 

f A. Karl Walker. Aaoe. Rn, Nrrp, Mfni. Dii,. J943. 

I O. R. ilvtidrmm And. J. Wulkin* jJrfA. 50, <<>43. 


THE SPINAL MEDULLA 


fi*) iTie duTSiflattrai trad is u Bmall strand situated al the tip flf the posterior 
grey cotumrik dose tn the entrance nf the dorsal nK^ts. It consists af unmydinateti 
and Endy myelinated Ebnes which do not receive their medullai^^ sheaths until near 
the close o( facial life. Tt is usually regarded as being fotnicd by tbc kteial group 
of the fibrea of the dorsal rootSp which ascend for a short distance in the tract and 
then enter the ^^ubstaniia gclatinosa, fihres arise and pass lo the lateral 

splnothahmic t ract of the opposite aide, i From w hat has already been stated^ it may 
he inferred that the dorsolateral tract is Toiriicd by the fibres which convey painful 
and thettnal sensibiEiHes in the spinal neri'cs. 

3. Intersegmentai tracts.—The kidai mtrrsitgmffUu! fmd constitutes the 
remainder of the kieml funiculus, and is continuous In front with the anterior inter- 
omental tract, it consists chietly of intcrsegiuental fibres ivhieh arise from celts 
in the grey matter, and, after a longer or shorter course, re-enter the gnry matter 
and ramify in it. Most of tfcie fibres uf the anterior and Lateral interscgmental tracts 
are confined m the same side but some cro«s tc> the opposite side of the spinal 
medulla. 1liey include fibres of ih€ rdkutospjmi tra^t fp, 954). iTvis tract con¬ 
sists of a series of relays for impulses which originate in the redcubr formation of 
the bruin stem and tenninate in connexion with the motor cells of the anterior 
coLnmn of the grey matter. Some of the fibres of the lateral intcrsegmcntal tract 
ore ascending and are continued upwards into the brain as consdtuents of the irmiiai 
kngitudmalhujfdk- It has been suggested that this ^nle^segIn^!nta] tract may fuiiLrtion 
a? an aJlcroatiAx route for exteroceptive scnsibihiy. 

Tracts in the posterior funiculus, i. Ascending tmcis. 

This funiculus comprises two large tracts, viz. the fasciculus gracilis and the 
t'aBdaUi.is cuncitius, which, are separated from each other by ihc pocsicro-intcr- 
mediatc septum. 

Thf^ fasctculusgradih commences at the lowest limit of the spinal medulla and is 
composed mainly of the ascending brancht^ of the medial bundle of fibrci^ of the 
dorsal ncrvc-mols. They run upw ards in the posterior funicultta, and as the tract 
ascends it receives accessions from each dorsal root. The fibres wliich enter in the 
coccygeal and lower sacral regions arc thrust medially by the fibres which enter at a 
higher IcveL The fasciculus gracilis, which contains fibres derived from the lower 
thoracic, lumbar, sacral and cocqgeal ,scgincnts, occtipies the medial part of the 
posterior funiciihis in ihc upiier part of the spimil mcdiilla (fig. S21). The fasda/ius 
mnn^ius commences in the mid-tliorack region and derives its fibres from the dorsal 
roots of ihe upper thoracic and cer^ ical nerves and, in consetiuence, is placed on the 
lateral side of the fasciculus gradhs (figs* Hzi and §22). 

Both fasciculi arc heavily myelinated, and the fibres arc larger in the 
fasciculus cuneatus than they are in the fasciculus gracilis- Both fasciculi con¬ 
tain the central processes from celts in the spinal gangliai i.c, receptor neurones, 
and these pass without interruption and uncross^ to the medulla oblongata, 
w'herc tl^y end in the gradle and cuneate nuclei, in w'hich the second neurones 
of this pathway begin. The majority of the fibres of the second neurones sweep 
ventmlly round the central grey matter (fig» Satj), as the int^iai ariUate fibrn^ 
Lind take pan in the decussaLLon of the lemnisci. llicrcaflcr, as the mrdifii irmniidf 
they ascend On each side to the ventral nucleus of the thalamus (p. 1002) und are there 
relayed to the cortex of the post-central gyrus, 'rhrough the iTicdium of the 
pintmor rxtrrmii Jlbrei (p. 95^) the remaining fibres of the pnaltriur fufuculm^ 

are relayed to the cerchelluni. 

I'hcse two tracts, which occupy nc-srly the whole o( the posterior funiculus 
convey clemtnls of tactile and of deep sciu^ibility, with the possible exception 
of pressure and pressure pain, '['he fibres conctnicd all pass up to the medulla 
oblongata uncftis^Hi in ihc pitstcrEor funiculi, itigethtr wfith the fibres wltich convey 
Sensations ofiK^sturc and of movements, both active and passive. It is Interesting 
to observ^e that the cxlcn>fcptive pathways of the lateral and anterior fimicuLi are 
phylogenetioiUy older than the propriiKcpltvc and tactile pathway of the posterior 
tunicultis, 

2. Descending tracts.— The posterior funiculus contains some descending 
fibres, which occupy different positions at difTerent levels (figa+ ffty, 823). In the 
Ccrvdcal and upper tltoracic regions they appear in trans^'crsc fleciiuii as a comma- 
shaped fasciculus, temted the u^iniiisMar iract^ Ln the medial port uf the fasciculus 
cuneatus, the blunt end of the fasciculus being directed forwards. In the lower 
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ihofticic rcg;k>n ihcv form a duriai ptriphfFat strand on the posterior lurracc of the 
spitud meduJLt; in the lumbar region they are situated by the side of the posterior 
median septont, ind appear on iransYicrse section as a acmi-^val bimdkr x in the 
conus tncdulkris they assuine the form of a frmngalar strmtd in the postciXJmcdifll 
part of the rasdoiiua'gracihs. Collectively these three stnmds constitute the 


Fis?. rtai.—A ihnwing thE linu- 

netion of the fibrci Ln the iwtcrior 
fiiuieiitu»r (!Afrer Poirier.^ 



ThtvpiniJ TMctutk Yitfwrd fTiprTi iKhimJ. Tbv 
■bovi'l ihm Ihe pOHftint' furtjculw n 
fonn^ hy iti^ SKieiiNilinf fvtjro << 
rpaU Bul Eictvn Liri next thirintdiin 

ptlM. Ilir Lumiiaf iu lliCV iBlenJ uil«r tfai llunac 
HUttti JuenUy, tbv tMfncid racpn |«tcr#J el itl. 


Fic, Saj.—The descrndiiiff £b™ in the 
pn»ierinr fimictilik thown pt dif¬ 
ferent levels (Aftcf Tefttut.) 




/Mth/ 

p^ripSi^ntl 

band 


T.6. 






TVirUt^^/ttr 

/a«cteWM« 


harm 


marginni These descending fibres In the posterior funiculua are mainlv 

inicfsegmcntal in character and derived from eells in the posterior grey oolumn, but 
Eome are said to c<Fiisiat of the descending branches of the dorsal nerve-mots (vid^f 
ifi/ra). *rhe semilunar tract was suppos^ to belong to the second category, but 
against this view' is the fact that it does not undergo descending degeneration when 
the dorsal nerve-roots arc destroyed. 

3, Intcrsegmental tract*,—Occupying the anterior or deepest part of the 
posterior funiculus is a small strand of hbres named the pfiiifnor mtmegmmtid 
h is somewhat crescentic on tran*ver*e section^ and is placed just behind the 
grey commissure (fig. S17) 1 it is best marhed in the lumbar rvgion^ but can be 
traced into the thoracio and cervical r^ons^ Its fibres^ which are intersegmental, 
we derived from the cells of the poeterior grey column; they divide into ascending 
and descending hnmehes wiikh re-enter and ramify in the gtty matter^ 
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// $htiald be nMetl thai fibres ickith itre u affisrituent part 0/ the extr^pyramidal tide 
of the rmdor syshTfi {p4 1076) arise /rtm the grey matter of the tegmentum of tfie mid'- 
brasn and the retimhr formation of the pont and meduUa Mtmgaia and defend in the 
ipinal nuduUn bath as ipsifaUraf and as contralatmsl fibres- The position of these 
tef^muntospinal and Tct 'niu\ospin^lfibret ia the spinal medulia has not yet been iden fifiM 
tcith rertainty, but the kfter are bffi^ed to inn el in the taterai intersegmenfal tract 

(P- 94 S)- 


RKCOcr^moN OK DiFKia^EKT Regions ok tiii? Spinal AIedoli^ 

IN Transverse Seotions 815) 

fi) Cmkat region.—The sccibn. h large and oval in aliape, riie white matlef 
ia presernt in grtatcr amount than in aiw other region, bcamsc thp ascending tracts 
have mltectCil many fibres at lower levels and the descending tracts have not yet 
lost many fibres. The grey matter is greatly increased in the cervical enlarge- 
mem, where the nerves of the brachial plcxna arise. Because of the relatively 
large amount of white matter, however, the grey matter at this level does not 
appear fo be disproportionately increased- 'liie increase affects particularly the 
anterior horrip which is very wide, the posterior horn being long and slender. The 
grey commissure is nearer the anterior surface than the posterior surface. 

(1) Thiraeie region,—The sect ion is small and almost circular in outline. 
Both anterior and posterior horns of the grey matter are very slender and the 
iiitcrmedioKlateral group of cclb prtsducra a lateroi horn, 

{3) £4jin^r region ,—The eection h krgci than in the thoracic region and the 
enlargement affects only the grey matter, the white matter being less in amount, 
as fewer fibres have joined the ascending tracts at this level and rnote have left 
the descending tracts. Both anterior and posterior horns of grey matter arc very 
wide and the grey matter is dtsproportionaiely laige in amount. A lateral horn 
is present opposite the upper one or two lumbar nerves- the grey commissure 
is about equidistant from the aruerior and p^terior surfaces. 

(4) Saerat re^'an. —In the conns mcdullaris the grey matter assumett the form of 
two ov:d masses, one in each half of the spinal in^nlla, connected together by a 
broad grey oommissurcr White matter is verv^ small in amount and the whole 
section is smaller than in any other region. 


TllE RHOMBENCEPHALON OR HIND BRAIN 

The rhombencephalon comprises the medulla oblongata, pons and cerebellum ; 
its cavity' is the fourth vent ride. Tht medulla ohlongaia and pons arc traversed by 
fibre tracts which inter-eonnect these and other piiri^ of the centrJ nervous system 
and contain, amongst Others, collections of nerve cells which constiiiiic the nucki of 
several of the cranial nerveSi The following cranial nerves have their supcrfidal 
origins from the pons and medulla ublongaia: trigeminal, abducent, facial, statu- 
acoustic, glossopharyngeal, vygus^ cranial toots of the accessory and hypogli>s$aL 
Scattered among the nuclei and tracts is the rtticukr formatioti which conaists of 
imetrmii^glcd grey and white martcr, the prediie connexions of which are at present 
uncertain, 'I^e medulla oblongata and pons mImi contain centre* ccincerncd with i 

(1) the control of the heart and respiratory apparatus 
(si) the control of the alimentary tract and its derivatives 
and (3) the vesrihular and auditory apparatuses. 


Tni; Medulla Ouloncata 

The medulla oblongata extends from the low cr margin of the pons to a trans¬ 
verse plane passing above the first pair of cervical nerves ; this plane corresponds 
with the upper htirdcr of the atlas behind, and the middle of the dens of the axis in 
fmnt; at this level the medulla oblongata is continuous with the spinal medulla. 
The anterior lurfacc of the medulk oblongata is separated from the hagiUr part of 
the occipital bone and the upper part of the dens by the membranes of the brain* 
and the occtpito-axial ligaments. Posteriorly it is received into the notch between 
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the hcinispherfei cjf ihc cerehellunn and the upper pirtion of tbis^ surface forms the 
lower part of the floor of the fourth ventricle. 

The medulla oblongata is somewhai piriform in shape (fig- 824)^ its broad 
extremity' being directed upwards toivards the pons, while Its narrow low^er end is 

Pto. ^14.—'rise venmt ospeci of bnain-Bicm jnd the 
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continuous >vith the spinal medulia. It mcasunrs about 3 cm. longitudinally^ 2 cm. 
transversely at its w idest part, and 1 25 cm. antcmposicdorly. The centnal canal of 
the spinaL medulia is prolonged into its low^er half, and then opens into the cavLtv of 
the fourth ventricle ; the medulla oblongata may therefore be divided into a lower, 
closed part containLiig the central canals and an upper^ open part tsorresponding 
with the bwer portion of ihc Itiimh ventricle. Us anterior and poalLnor surfaces 
arc marked by median fissures. 

The anterior med ian fissure contains a short fold of pi a mater, and extends 
along the entire length of the medulla oblongata ; below% it is continuous with the 
anterior median fissure of the spinal medulla ; abovcn it ends at the lower border of 
the ptins in a small triangular expansion termed the foramen cereum. Its lower part is 
interrupted by bundles of fibres which cross obliquely from one side to the othcr„ 
and constitute the dfcusjation of the pyramidSr fibres, termed the wiierior 

txiernal m^cuatr fihreSj emerge from the fissure above this decussation and curve 
laterally over the surface of the medulla oblongata. 

The posterior median sulcus is a narrow groove which exists only in the 
dosed part of the medulla oblongata ; it b continuous below with the interior 
median lulcus of the spinal medulla^ but becomes mpidly shallower from bebw 
upwards^ and ends about ilje middle of the medulla oblongata, where the central 
canal expands into the carity of the fourth ventricle- 

Certain of tin? cranial nen^es pas* through the substance of the medulla oblongata 
and iue attached to its surface in scries with the roots of the spinal nerves. The 
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fibres nf the hypu§rlos$aI titrvc correspond ia pCKsition with the ventral roots of the 
spinal nerves and emerge in linear series from a. furrow termed the tijfitrttfutfrGi 
rii/rur. Simihirly, the accessory* vsgusp ptid gloss^ipharyngcal nervis are in line with 
the dorsal rooift'of the spinal nerves (p, 1144) and are attachai. to the bottom of a 
Bulcns ruLincd the suicus. Advantage is taken of this arrangement to 
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subdivide cadi half of the medulla nblongaia into antenor* middle and p^^tcriur 
regions. Although these three regions appear tu he dimrtly oontkiurjus with the 
corresponding fiimculi of the spinal medulla they do not contain precisely the same 
nerVT-fibres, since some of the fasciculi of the spinal medulla end in the mediilla 
oblongata^ while olhcrri alter their course in passing through it. 

The anterior region of the jncdulta oblongata (fig* ^14) lies between the anterior 
mediaa fissure and the anterolateral sukus, forming a surface elevation which is 
named the Its upper end is slightly constricted and between it and the 

pons the fibres of the abducent nerve emerge; below, it ta|>OT into the anterior 
faniculus of the spinal medulla, with which it appears to be directly continwoua. 

The two pyramids contain the moior fibres which pass from the brain to the 
spinal medulla. When traced downwards, two-thirds or more of these fibres leave 
the pyramids Lo successive bundles, and decussate in the anterior median tbsurcn 
forming what is icrtned the i/jTMirrf^wu I'/ie pyramidt. iJaving cirosed the median 
plane, they pass dowm in the posterior part of the lateral funiculus of the spinal 
medulla as the lateral corticospinal tract. The remaining fibres—i.e+ dui^e in the 
bteral part of the pyramid— Jo rraw median plane ; some descend ^ the 

anterior corticospinal tract (fig. S25) into the anterior funiculus of the aamc side of 
the spinal medulla, ivhile others incline backwards and laterally to join the blend 
corticospinal tract of the same side (p. 943). 

The lalerai region of the medulU oblongata (fig. S26) is limited in front by the 
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antcrclsitcral sulcus ;uid ific raotA of the h}rpoglo«^ nerve, and behind by the 
pasterdbterui sulcus and the roots of the glos&opbaryngeaJ^ vagus, and acccsaoiy 
mrvos, its upper part consists of a prominem ov-al nrmss which is named the otive^ 
%vhilc its lower pari is of the same w idth its the la tend funicuius of the spinal medulla^ 
and appears on the surface to be a direct continuation of it. As a matter of fact, only 
a portion of the lateral ruuiculus of the spinal medulla is crjntinucd up wards into this 
rc^on, for the lateral corticospinaj tract is derived from the pyramid of the opposite 
side and nitjsE of the Bhres of the posterior spinor^rebelbir tract leave it to enter the 
inferior cerebellar peduncle in the posterior region. Tlie lateral intersegmenta] 
tract and the anterior apinoccrcbellar tract are continued upwards into the lateral 
region of the medulla oblongata. 

Fic. 826.—^Thc hind-bmin and inid-bnunK viewed from th* 

OMtefolatcntl aspect. 
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The olive is a smottth, oval etevatbn, which is caused by an underlying nucleus 
of grey matter named the fAtivmy nud^ {p* 956)* k la situated lateral to the pym- 
oud, from which it is aepaoted by tlse anterolateral sdcua and the fibres of the 
h>"|>oglos5aj ner%'e. BchindH it is separated from the pasterolatcral sulcus by the 
small superficial strand of the anterior spmocerebeLlar tract, [t is about T25 on- 
long, and dorsilatcral to its upper end there is a digUt dcpressitm at the lower border 
of the pons to which the roots of the facial nerve are attached, Ihe aiticrior external 
arcuate fibres emerge fn>fn the anterior median fissure, and wind baekwards across 
the pyramid and the olive to enter ihc ififcrtor cerebellar peduncle (fig, W35), 

The posterior region of the medulla oblungaiD 826, 827) lies Ikhind the 
posterolateral sulcus and the roots of the accessory^ vagus and glossoph^ngcal 
nerves, and, like the Jateml region, is divisible into a Imvcr and an upper portion. 

The fotter fari is lirruicd b^md by the posterior median sulcus, and consi&ts of 
the upward continuation of the/ascituiiu gradfn and the/wfVtrliu cunfalui pf the 
spinal medulla. "Ihe fasciculus gracilis is placed along the side of the posterbr 
median sulcua, and is sepantted from The fasciculus cuneatus by □ faint longitudinal 
groove and a septum, "flicsc two fasciculi are at first vertical; hut at the lower part 
of the fourth ventricle ihey diverge fftim the medlott plane, and each presents an 
elongated swcliing. The swelling on the fasciculus gracilis is named the grodh 
fa6err/jp, and is produced by the upper end of a subjacent nucleus of grey matter 
termed ific n’lrc/rtn grudiis i that un the fasciculus cuncaius is termed the funeaic 
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tahtrcU^ and cau»:d ainrtlarlv by a nucltlis nmncd the nackus cungaius. ‘Jllc 
fibris of these fniciciili end by fumiing synapses with the cells in their respective 
nuclei. A third elevation ({xften termed The fuhtfaihifn cinrreum) can sometimes be 
nseognised in the lower part of the posilcrior region of the medulla oblongata (fig. 
826). [t lies between the fascEcukis cuncntitE and the roots of the accessory nerve, 
and is narrow below but wider above. It b prtKluccd by a nucleus tvhich Is con- 


FlO. ?S37,“A diaiection exposirig ihe braio-stsm and the upper parf nf iht ipinal 
medullii after rumovaS of lariffl perliuua cf the occipiia] end piuietai boilCS, and 
the cerebellum toj^ethcr with the roof of the fourth ventricle. 
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.Vflt^.-“Oa ifw kfk iiJ« ttH! rocimirw tniruivcrura of the ailu iikl Tturd* ftiurlh mnd Etfth 
ectvtcil ■*KFtxhfm hmve bete oCraied t& apotm lb* v*rtflhr^ urtfTT- On tLe ficht ii^ the paftPncif 
■teh qI (be -hCIm ctmi the Limina et tbc. iiicciHiiliiji i^cj-viulL v*ru:bw have ]>*en cbtiiJed iemI lu^i'i’ 
been wmov^ed iD*stbr* *riih the rcRdtrel emt tb* Umuib ef ihe _ tide. Th^ 

EametlLon uf^belTi uti tiu! trinvEnc limun fliVC bfitn divided Prul theiT p^t^of poftievH 
rciTMn^ 


tin nous bcloiiv w'lth the subatantia gclatitiosap and in which the fibres of the spinal 
tract of the trigeminal nerve end ; these fibres separate the nucleus from the surface 
of the tncdulLi oblongata (p. 9^3). Tlic p&eJt and the IrfWfi? 0/ iht ftiurfh f?cij^riV/e are 
described on p. ^85. 

The upper pari of the posterior region of the medulla oblongata is occupied by 
the m/rriftr cmbeliar p^^dundt^ a thick ropc-likc strand situated between the lower 
part of the fourth ventricle and the roots of the glossophaiyngeal and vagus nerves. 
The two inferior ccrcbdlar peduncles leave the dorailatcral aspect of the medulla 
oblongata and pass to the cerebellum. As they ascend, they diverge from each otherj. 
and assist in forming the lower parts of the lateral boundaries of the fourth ventricle ; 
higher up* They arc Greeted wards, each passing to the corresponding cerebellar 
hemisphere. Near thdr entrance into the cerebellum they are crossed by several 
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fttnnds of £brea which run to the fnedum sulcus of the floor,, or sntcKor of the 
fourth vcxitrjctc and are named the tiritr mnluliam (fig. B53 inferior ccrcbdtar 

peduncle IE not the upAvard coniinuation of the fasciculus gracilis ^nd fasciculus 
cuncatus> although it appears to be so, for tJic hbres of these fasciculi end in the 
nucleus g^cibs and nucleus cuneatus. The constitutiQn of the inferior cerebellar 
peduncle is described on pp. 960 and g6i. 
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The internal structure of the mediiRa obEongaia.^(i) A tntmvme seciim 
through ih^ //Jfcer piiri 0/ mrduUa ohhngata shou^ manv of the appearances of a 
transverse section through the upper end of the spinal medulla. The posterior, 
lateral and interior funiculi can lie identified easily, and they contain the same ncr\'t 
tracts. The grey matter shows twu very striking'alterations. The anterior hom h 
eeparatecl from the central grey matter by the pymnldsL fibres, which are cemraing 
backwards and laterally to reach the lateral funEculus of the opposite side, lii 
the tipper part of the medulla oblongata the pyramidaj fibres occupy its vemrimcdial 
portion, but ill the lower part the majority of them crot^s the median plane, inclining 
backwards, as they do so (fig. Sag) and deciissatijig in front of the centra I grey maitcrp 
The decussation lakes place in an cjrderly manner with the ^^b^t^s wluch tcmiinaie in 
the ctn tcal segments uf the spinal medulla decus^ting finst. The decussation of 
the great motor tracts [Jr^ussolian of ihr pyramids] constitutes the most striking 
feature in sections of the medulla obbngaia at this level. The actual proporlmn of 
the fibres w hich take part is subject to variation, but. ns a rule, about 70 per cent, of 
them do so and continue down the spinal medulla in the lateral funicultm na the 
Jate^, or crossed, oorticospL^ (pymmidal) tract. Of the remaining fihres'aome 
retnin their ventriincdia] position and descend in the anterior funiculus of the spinal 
medulla as the Anterior corticospinal tract; others descend with the crossed fibres 
in the bieral funiculus of the same side (p, 942), As a rcsuli of this decussation the 
anieriot intcrsegmcnrsl tract of the gplnal medulla is thrust backwards towards the 
central grey matter, which also takes up a more dorsal pcsition so that the central 
canal inclines backw^ards as it ascends, 'rhe contmuLty between the amerior grev 
column and the central grey matter, maintained throughout the Avhulc length of the 
spinal medulla, is severed. At higher levels the detached anterior column rapidiv 
diminishes in siae and mciges into the grey matter of the formatio rcticularS (p 
954): at thb level it is termed the supraspinal nucleus, and gives origin to the spinal 
part nf the iiccesaury nerve. ^ 

Tlie outline of the posterior hom of tJie grey matter can still be made out, but it 
too, has undergone some modification, A narrow, strip-like portion of gity’matler 
appeara in die bean of the fasdt^lus gracilis, continuous ventralty with the base of 
the posterior horn. This constitutes tbc lower end of the nucltia gracitii, which 
extends upwards as far as the lower limit of the fourth ventridc and forms an cleva- 
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lion on the postcHorsurface of the mcdulb gbloiigata^ already deKiibed as the gntdJc 
tubercle {p. 9S^)- second wedge- 5 hsi|>ed projection fram the b 4 ^ of ibe posterior 
Iwm* beginning ai a slightly higher Jevd, invades the ventral part of the fasciculus 
omeatus, and consUlutes the rrurffm oinmtuj. 

I'he ifibsiiifitm geiaiifios^i is a prominent feature^ and is a direct upward continua¬ 
tion of that in the Jipinal medulla. In ihi&situaiion it odnsliUi[LS the lower end of the 
nu^ieus of tfitmi ira^t of iht trrgmuftil ficrre^ and the fibres of the tract itself are 
interposed between the nucleus and the surface of the medulk oblongata (fig. SaS)p 
It will be considered in detail in a subset^ueni section (p. 966). 

(a) .4 transvefSi station matle just ubotf th^ di^usssitoit a/ iht pyramids shows an 
accentuation of the ditferenccs already noted and the appearance of certain new 
elements (hg. Szg). 

I’he nucleus gracilis has incieascd in breadth and the fibres of its cor¬ 
responding fasciculus are grouped together on its dorsal, medial and lateral 
surfaces; the nucleiis cuneatiiS has undergone a similar change. At 
first both retain their continuity^ with the central grey matteTp but this is 
lost iU higher levels. The fibres of the fasciculus gracilis end cuneatua have 
ascended uncetjssed through fhe spinal medulla^ and they icmiinate tn their reapec- 
dve nuclei at difTcrent levels by forming synapses Aviih their contained nerv^e-cells. 
Now' fibres arise in the nuclei and consiituic the second neurones on the pathway 
of tactile and proprioceptive sensibilities. The inifrnai fibres emerge 

from the ventral aspects of the nuclei andp cunning forwards and laterally at first 
round the central grey matterp they bend medially to reach the rnedian plane, 
where they decussate vvith the corresponding fibres of iJic opposite side (fig. 824). 
Thereafter^ they turn upwards and ascend on tilt <ippcsitf side close to the median 
raphcT constituting I he mrdiut trmmsrus. 'Fhe dreussaiion of (fit irmtiisti occurs in the 
area dorsal to the pyramids and in fron! uf the central grey matter, which is in this 
WTiy thrust still rutiher backw'ards towards the dorsal surface of the medulla ob¬ 
longata. the internal arcuate fibres sweep forwards they sever the continuity 
between the substnntia gelalino&a and the central grey matter. 

rhe attmory ituritns, lies domilaieral to the cuneate nucleus. It is 

composed of large cells simibr to those of the dorsal nucleus of the spinal medulla 
and gives origin to the ptaterior external armaif fibres (pp. 958 and 961)1 which am 
destined for the cerebellum. 

'JTie nurteus of iftt spinal tract of (fir irigemma! nm'e is now severed from the 
central gnjy matter by the internal arcuate fibres. It is separated from the lateral 
surface of the medulla oblongata only by the fibres whose terminal nucleus it con¬ 
stitutes and by some of the fibres of the posleriar spinocerebellar tract which is 
beginning to incline dorsaUy to enter the inferior ctrebellar peduncle, it is in this 
part of its course that the spinal tract of the trigeminal nerve lies nearest to the 
Surface of the brain-stem (figp 829) and its fibres can he divided with the minimum 
risk of (hmiage to adjoining structures.* 

Two additional collections of grev matter arc found at this fev'cL One lies dorsal 
to the lateral part of the py ramidp while the other is placed to its medial side and not 
far from the median plane. These are portions of the medial acmsory ohtary 
tmdeiis and will be considered together with the olivary nucleus^ 

The central grev matter^ now cKCUpving a position near the dorsal surface of the 
medulla oblongataj contains three important nuclei. A prominent group of large 
motor ncrA’e-cella is situated vcntrimedially. This is the nucteas of the hypogiossaf 
iTfffe. It extends upwards into ihe open part of the medulta oblongata where it 
lies under the medi^ part of the trigonuni hj^poglossi in the floor of the fourth 
veuiriclc- Dorsi lateral to the h>'pciglossal nude us, there is a second group of cells, 
w^hich constitutes the dorsal ifur/ri4j of thr It is B miKcd nucleus, containing 

Cells of two dilfcrcnt types. larger cells give rise to the fine fibres which 

itincr^'atc unstriped inusclep w'hfle the smaller spindle-shaped cells may pt> 3 sibly be 
concerned with visceral aiferent impulses (fig. i+o). CIn the other hand many 
auihoritics believe that all the vagal afferent fibres terminate in the nucleus of the 
IraLtus solitarius {sfc hetmL"). At a higher level the dorsal nudeus of the vagus lies 
to the lateroJ side of the hypoglossal nucleus in the floor of the fourth vcniriclc and 
corresponds in position to the trigfinum vagi. 

A third group of cetls lies dorsibteraJ to the dorsal nucleus of the vagus at ihia 
• Murrty A. Falconer^ J. Xenroi. XfursHtir^* PiyMat,, 1.2, I949. 
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Icv^L It is the ntickm 0/ thr tracius f&Ittariui^ and it h intimately related io 0 group of 
deiSccMidmg fibres whkh cotistitutc the tractus sofitarim itself. At the caudal end of 
the medulla oblongata these two tiuclei fuse dorsal to the central canal. As the 
nucIcuA of the tractus sulitarius is iraeed upwards it comes to lie more deeply in the 

FiOr Sag.—A Etvnai'cm? Hcctbo thimii^h ihc mcdulb Dbloni^ria nt iht level of xhe 
decuflEfltioTi of rhe lemnbd. Wei^en Pal porpaniticni. xO. 
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incdullu ohiongatap on the ventri lateral aspect of the dor^l nuck-ua^ vrilh w hich it is 
pmctically co-citenalve. The tractus soliiarius receives afferent fibres from the 
facial, KloBsopharyngeal and vagus nerves, and they enter the nucleus in that order 
from above downwards^ conveying to it gustatory^ eensibtlity from the mucous 
membrane of the tongue and pabtc (VIL IX and X), and, according to manv 
aulhonlieSp visccrsl sensibility from the pharynx (iX and X}and from the oesophagus 
md ihe abdominal part of the alimentary canal (X). 

In addition* numemtis scatteted islets of grey matter are found in the cenirc of 
the vcntrilateral portion of the medulla oblongaW. Thsy occupy an area which is 
freely inicrsectcd by nerve-fibres running in all dirEctio'ns and which is therefore 
termed the reiiculitr fvmaiwn. It is pri^nt at all levels of the medulla oblongata 
and extends upwards mto the tegmentum of the pons and mid brain. Its consti¬ 
tuent cdJs ap^ar to he arranged in groups, bm ihrae cannot he differentia red bv 
any known histplogical methods and iheif crxiaicnce ha* been inferred from the 
results of experimental work. 'Cbcy receive afferenf /ihrex from the subthalamic 
nucleus (p. joo^j, the aubstaniia nigm. the red nudeus (p. 992), the fastigio- 
bulbar tract (p. 979) and from the descending branches of the fibres of the superior 
cerebefiar pcdundirs^ 

Some of the cells of the reticular foitnation are intercalated nenrtmes on tlic 
cxuapynimidal pathw ay* Their miorw descend to ihe spinal medulla as the rcticulo^ 
spinal imct^ hui it is iincertiiin whether these TcikulcHtpinal fibres descend by a 
scries of relays or whether they arc uninterrupted. Tliey arc both crossed and 
uncrossed and it has been Suggested that both systems nm in the anterior 
funiculus and that cro^d fibres only descend in the lateral funiculus of the 
spiiial medulla.* The nerve impulses tnuismltted by these descending fib™ arc 
believed to be carried to tbc muscle spindles by way of the small efferent fibres 
(y efferents) which are foiuid in motor ncn es.f " The cells of the rctietibr 
* J* W, i'qprai, J* iVftW., 41, 1936^ 
t ff. Gnmi snu H. KiUcht^ AciiM f^hynof. tc/md.^ ay, ujjrj.. 
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formiiiion are linked with one another by a number of closed feed-back 

and there is experimental es'ldeiicc in favour of the view that some |^roup or 
imupa Vlay an important part in the mediation of inhibition whilst othcre are 
wneemed with facilitation of the aetiwty of the anterior grey column cells,* 

The white matter has undergone an important rewTangement. The pjTomrrtat 
tracU constitute two large bundles placed in the ventral part of the section, one on 
each side of the anterior median 

fiasure. Dorsallv they are related Fm, Sjet,—The nuctei of the ciariil nerves schcimii- 
to the acccsson- olivary nuclei c*tly «presented. Do«ali*«*ei;i, Motor nuclei 

The fibres of the medtai fem- 
nmui (p. 953\ ruicfging 
from the decussation of iht lem- 
niaci, lum iinui-ards abruptly in 
the form of a fiaitcncd tract, 
d<jaely applied to the nicdian 
mphe' Ifi this position they 
^ctnd to the ponSj ificrtssin^ in 
numher as addiliomi) fibres join 
them from the upper levels of 
the decussation. Vcntndly they 
are related td the pyramidal tmcrl, 
and dorsallv to the medial longi- 
tudinal bundle and the tccio- 
spinal tract. On the lateral side 
of the medial lemniscus lies tfie 
grey iwatter of die formatid re^ 
ticularis intersected by the 
tcmal arcuate fibres^ It seems 
probable that in the decussation 
I he fibres undergo a rcarmugc - 
ment v^^hcreby those denved 
from the gracilc nucleus come to 
lie ventral to those derived frtim 
the cuneate micleits md, at a 
higher levd, where the dtspoai- 
tion of the medial lemniscus 
in the btaiivslem becomea 
altered (p. 967 ^ the gracile 
fibres are placed laterally and 
ihe enneate fibres medially- 

The mtdiiif hngiiudinaf 
bundfe forms a small compact 
tract of ncn^c-fibns, situated 
dose to the median plane and 
ventral to the Jiypoglossal 
nucleus. Bcinw. it is continuous 
with the anterior tntcrsegmcntal 
t met of the spi nal medulla, but at 

this level It has been thrust dorsally by the decussations of the pyramids and lem- 
nisd. It is coTitjtiucd upvi-ards through the pons and the mid-bniin in the same 
position relative to the central grey matter and the median plune^ and Lhereforc 
comes into intimate relaiionahip thmushont its course with the somatiq clTcrcnt 
column of the matter. The constituent fibres of the tract run relariv'cly short 
courses within it* for they are derived from a variety of sourceSp which are detailed 
on p. 99^. 

The spiiiocctebcllarp lateral spinothalamic* spinotectal, olivospinalp vestibulo¬ 
spinal and rubrospinal tracts arc all found in the anterolateral a reap limited dorgaJly 
by the nucleus of the spinal tract of the trigeminal nerve and n?nira!ly by the 
pyramid. 

(3) A trmiiperre Shrough miduHa imrdf 0^1 a fefei udih ifie 
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• H. VV. MaHOUn md B. Rtiint«, J. yturaphytiei., 9, 1946. 
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(otcnl part of the /otiri/t ventrkle (fig. S31), f(howif ihe Appearance <jf n number of new 
tlcrnmt 3 , togetlTtr with most of those already described at a lower level. The total 
amouTii of matter eboivs 3 distinct increase owing lo ihe presence of the lai^* 
oliv’Ar^' nucleus, die nucleus arcuQtiis and nuclei ass^vciated with the gloi^pharyii- 
geal, vagus and accessory nerves. 



Fic. S31.—A itimivefife stfebon Uijukij^ti dit mecfullft Dblon^td ac the kvel of the 
midJEc nf the olive, Wdgen Pal prep^iriitivn. 4'S- 
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fiifrrnal Kn^I<f ftifFtt ArrTf,J?i* 


The olivary nucleus is a large hollow mass of grey rrtattcr, with irregularly 
crenated walls and a bngitudin^ hilus, which is placed on its media] side. 
Situated dorsibteral to the pyramid, the nucleus underlies the surface ekv^ation of 
the olive and extcfids upwards aJmast to the pons. The site of origin of its ccJJa 
from the rhombic lip (p. 133) indicates a pfobahJe connexion w ith the vestibukr 
apparatus and the ocrebellum, and that such a connexion does exist is demonstrated 
by the large number of fibres which arise from the SinalJ cells of the nucleus and 
constitute the alkxKmhfliar frmrL 'J'hese fibres ctnctgc from the hilus or through 
its media] wall, and run medially, intersecting the fibres of the medial lemniscus 
(figs- IJ34)- They cross the medkn plane, smd, sweeping domtly, traverse 

the olivary nucleus of the oppasidc aide, interaect the lateral spinothakniic and 
rubrospinal tracts and nucleus nf the spinal tract of the tfigemina] nenx and enter 
the inferior cerebellar peduncle, by whidi they arc conveyed to the cerebellum. 
Despite the si^e of the nucleus and the ease with which its cerebellar eonnesdooa can 
be demonstrated, it has hitherto Iwn found impossible to delennine with certainty 
the afferent paths which lead to it. Several such pathways have, however, been 
dtKiibed. It appears pitibable that fibres reach the nucleus from the spinal 
mcdulk, but w hclnur they ascend in a separate spmo-oUvary tract or whether ihev 
are derived os collaterals from the fibres of the medial lemniscus and spinothakturc 
tracts, as Ramon y Cajal suggested, is nni clear.* A group of fibres can lie traced 
downwards through the mid-bratn and pons, many of which arc believed to cjid In 
the lateraL aspect of the olivary^ nucleus, but, although they have been termed die 
thalamo-olivary' fasdculus, fheir source of origin has not been demonstrated satk- 
factorily : some authurities ascribe them to the red nucleus, and others to the globus 
palhdus of the lentiform nucleus. 'Iliis bundle of fibres is satnetimes described as 
the ci-rjffaj iegmeniat/ascjculus.f and many of its constituents are continued down¬ 
wards intn the anicHur intcraegmenial tract of the spinal medulla. 

* Brndal, V. WfdbMlT md Th. ElAckatulp J. Ntwrutphyitiil^ ^ (j, lyja. 

t S, A. K. WlUoTi, AfdJrrjT Fmbtmt in Wood A: Co., New York, luaii; and 

K. A. Netdcf, J. Cnmp^ So, t^4. 
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Tht fnrds&f <t€Ct$St?ry olivary is u curved lamina of grey matter which 

is found at thli? kveL 'Lhe concavitj’ of the oirve is directed laterally and the 
nuckiiS is intcrpo&ed between the medial lemniscus and the pyramid^ on the axle 
handf and the medial and ventral aspects of the olivary' nucleus on the other. 

The dar$af acewory olivary nucleus is a second lamina of grey maiteri placed 
dorsal to the medial part of the olivary niideus. 

Both the olivary and the accessory niiclci arc intimately associated with the 
cerebellum. PhyLogenctically, the accessory nuclei are older than the olivary 
nucleus, and tliey send their tibres to the pabeocercbcllum (p. 972}^ The olivary 
nucleus is found only m rrnimmals and^ in the course of evolution^ it has cn1ar;ged 
in a tailward direction. The destination of its fibres in the human brain is in har¬ 
mony with its phylogenetic hisioryp for those wliich arise from its upper end and 
the lips of the upper part of the hiltis pass to the paheoctrebellum, whereas those 
from the larger^ i^udal ponton proceed to the neoccrebellum (p. 972), It has 
been demonstrated* that different parts of the olivary nucleus are each represented 
in a definite part of the cetebcllar cortex, the reladoiiship being of the ' point to 
point * type- The interdependence of the two has been emphaswed by Brouwer, 
who has show^n that neE>cerebe|lar atrophy is associated with a corresponding atrophy 
of all but the upper and medial part of the olivaiy nucleua^ 

On account of its intimate and free communicatian with the cerebellum it is 
clear that the olivary' nucleus playa some intermediate part in muacular co-ordina¬ 
tion and may therefore be regarded as a constituent part of the extrapyiamidal 
system but no more definite statement can be made In the light of our present 
knowledge^ Tilney suggeEta, on clinical grDiindsg that it is associated; with the co- 
ordinative control of head and eye movements, while other idiiucal observadona 
point to its association with palala-phar^'iigeal and laryngeal movements. 

The nuclti form a curv'ed, interrupted band of prey matter which is 

closely applied to the anterior and medial aspects of the pytamid [ they appear to be 
caudally displaced nuclei pontis-f They give origin to the anterior external arnmie 
JibrMy which emerge at the anterior median fissure and then ooui^ laterally and 
backwards over the surface of the medulla oblongata to enter the inrerior cerebellar 
peduncle. 

The centra] grey matter, which, at Utis level, is spread out over the floor of the 
ventricle, contains the hypoglossal miclms and the dorsal nucleus of flic vagus, and the 
nucleus of the tracius soHlcmm lies ventrilateraJ to the last-named : lateral to these* 
and on the medial side of the inferior cerebellar peduncle, the lower part of the 
inferior ntsekus of the vesttbuiar nerve may be recdgniseiL 

A small isolated group of large motor nen'c-cejfs, termed the nucleus amhigusiSy is 
placed deeply in the reticular formation. It extends upwards as far as the upper 
limit of the dorsal nucleus of the vagus. 'Fhe fibres w'hich emerge from its upper end 
join the glossopitaryngeal nerve, and those which emerge at a lower level join the 
fila of the vagus nerve. Inferiorly it is continuous with a nucleus which gives crigin 
to fibres of the crania] root of the accessory nerve (p. i t36). The fibres w'hich arise 
from the cells of the nucleus ambiguus are all diatributed to striped muscle of 
branchial origin (p, [3^), Thcoe flbn^ flrsi pass dorsally and medially for a short 
distance and then cuiw^e lateraJJy to join the emerging fila of the vagus and glosso¬ 
pharyngeal ncrv'cSh 

The nucleus gracilis and the nucleus cuneatus, now diminishing in size and irreg¬ 
ular in outline^ occupy the dorsilateral potnon of iht setiion, and ventiui id them the 
nucleus of the spinal Iracs of the trigeminal nerte dan be recognised without difficulty. 

The white matter of the medulla oblongata show^ little change at this level apart 
from the presence of the inferior cerebellar peduncle on the lateral fiidc of the fourth 
ventricle. The pyramid, the medial lemnisctis, the tectospinal tract and the medial 
longitudinal bundle occupy the same relative poairiont as they did at a lower level. 
The fibres of the olivocerebellar tract, s^veeping acros the median plane and turning 
dorsally to Join the inferior cerehcllaj peduncle, have already been dcscril>ed in con¬ 
nexion with the Dtivary nuckus fp. ^56). The anierior external arcuate fUrres have 
their cells of origin in the atuuaic nuclei and* emerging fmm the anterior median 
Assure, they run laterally, backwards and upwards over the pyramid, the oUveand the 

^ Ci, Hntmrt and T. Cnin^r Stewart* jt, 1908 ; mod A. Brodsl, Z. jfir. t^airoL 
PiyrhitiL, 169 , 104 *. 

t A. T. Etflunmtsrn aiuJ W T. Pcyimi, J- NeuroL, S-f* 1^6- 
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spinal tract of the trigeminal nerve, Comii^ into lebitionship with the posteriorapini^ 
cerebellar tract, they ascend with it toentef the inferior cerebellar peduncle (fig. « 3 S). 

The paslrrm exttmal arcaatt Sbra take origin in the accissory evstaU^eim, 
which lies close to the dorsilateTal aspect of the cuneate nucleus (fig> oi?)- 
nucleus receives its alle ren is from the latenil fibres of the fasciculus cutieaiiB an 
sends its efferents directly into the inferior cerebellar pcdtmcle. They provide the 
pathway to the cerebellum for propriooeptivc impulses originating in the muscles 
of the upper Erob and of the neck (p. 9+5)-* 


Fio, 8j*.—The nuclei of origin of the cranial motor nervee Khematicdl)' 
teprcKniEd on ui cutUiie of the bnun'Stnn, viewed from the tide. 



The emerging fila of the hypoglossal nerve Imvo the ventral aspect of its nucleua 
and run forwards through the reticular formation. Passing lateral to the medial 
lemniscus and medial to the olivary nucleua, they curve laterally to emerge from the 
snterolatentl sulcus. A relatively small lesion in the ventral part of the medulla 
oblongata at this level may thcrufore inv-olveboih the pytamidal tract and the hypo- 
glossaT nerve, causing a peculiar crossed paralysis. The muscles of the tongue are 
paralysed on the same side as the lesion, but it is tite limbs of the opposite side of the 
body that are affected, for the lesion is situated above the level of the pyraimdal 
decussation. 

More dorsally, the reticular formation is traversed by the fibres of the vagus, 
travelling between the dorsal nucleus, the nucleus ambiguus and the nucleus of 
the iractus soliiarius, with which they are connected, and the pGatcrolatenil sulcus 
wbert they eirtcrgc- 

The tatrtal tpinothnlamtt tracu which, at this and higher levels, is oommonJy 
termed the tpinoJ lemniuvs, (p. 944), lies dorsal to the olivary nucleus and sepamied 
from the surface of the m^uUa oblor^ata by the anterior spinocerebeilar and the 
spinotectal tracts. It has been divided in this part of its course under local anasthesb 
by an incision made close to the posterior border of the olive and in front of the root¬ 
lets of the vi^gus nerve. The incision is carried medially and backwards and, as it is 

• A. Femiro Bid S, £. Hwrera, NinW. PiytMat.. 33,1935. 
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deepened, the foot, leg and thigh become analgesic, then the trunk is aifected amdi 
at a depth of 5 mm, analgesjta spreads to the shoulder region,* demunstrattng the 


Fjc. The primary tectninBl nuclei of the afferent hbrej of feme of 
the crnnlal 

CAp) Tht ofTmnl fibres of rhe tti^minal iwn-t. 





(B.} The Mffercnt of tkc fsteiil, 
Rlownharyri^l ind vji^ ncrh'»» con¬ 
veying ^[liitftlory Kn»tbiltty to th? 
nwefivs of thf traciuf Eolktlrini. 


Ap^ProprKCf^V 4 fibK* ftiOtlrT oCuJkr 

muKin. i. vTaciik Kvi ppeunrt fibrt* 
from OptiUnWe ^-^Piinukd 

t>ctaEUf<] Abrai Tram OphClwink 4m. 
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Inry ir#*, c. - Plii|.¥DcI feinperatmie fihrv* 
Ircini MiiiiUflfYtfM. F.^Tjfendcuul Piee^ 
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J^uti tad (cfflptfnnfrt fi^om Mjii- 
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AxiprtfVdhril'LV' /thr^t Oft iKiftt*' 

in oli t/frnt (OiaiMfir t,f EAt tn^nniiiMi mitv. 


—The tiublEio ofihi irtimii lolltirfui !■ 4tii4 by nuny cuthorkT*! lit |hr piimuy t ^tmU 

iiudwi for fibra wnweyim iperwrrt nieef ■! muJii Jily tlBwjJitlK vnfvi g^emophinmiMl nwm. 


existence of a laminated arrangement in the tnrit Eimlbr to that described for the 
medial Icmniscua (p, ^55)+ As it ascends through the upper part of the medulla 
oblongata, the spinal lemniscus is closely related to the nucleus ambiguus, and a 
small lesbn in the ventral part of the reticular fomiatinn may cause paialysis of 
the vocal fold and of the soft palate of the same side, but a loss of sensibility to pain 
and temperature on the opposite side of the body, 

The reticular formation at the level of the lowest part of the fourth ventricle in 
the cat contains doisally an extensive area canccitlcd with expiratory movements 
and vcntrally a siinilar area caticemcd with inspimtory movemcnta.| Electrical 
stimulation of the latter abolishes rliythtnic breathing and can fk the chest and 
diaphragm Ln maximal inspiration, leading to death unless the stimulation is discon- 
tiniied. Clinical evidence J points to a similar site for the n^iralory cenlrrf in man. 
(4) A trsniverse settion through the uppfTTfUaf part of iht midutfa ohhngata shows 

■ i-f. S. Sehwarcx and j. L. O’Louy, Arehiv. N^urot. 47, iq+*^ 

t H. F. PfctM» H. W. Ma^in and S- W* RjinAon, Amfr. J. PkymL^ 106, 10J9. 

4 fv. H. FinkV, j 4 rtA. Nratofm Prythial 36 , 1 , 
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less striking changes. The t^ihairy nuchu$ occupies the satiic relative posiUon, bgi 
the acewor)' olivar)' nuclei are being bmken up and tend to disappear {Fig. 834)^ 
Additional elements arc present in the centra] grey matter. The m 4 ^ai nucleus 
uf the vtstihuhir nerve lies on the lateral side of the domi vagal ntideiia, under the 
vestibular area of the rhomboid foesa. It is the largest of the four nuclear masses in 
which the fibres of the vestibuLur nerv^e terminaie, and it extenda upwards into the 
pons, where it spreads medially under the floor of the fourth ventricle and over the 


Fto* 8j4-~TTBn»v4:rte section rkioiijih ihe upper pifT of tbfi mcdylbt ohlonRaim. 
Wci|?en Pal prcpaitUKsn, X4'S- 
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dorsal nucleus of the vagus, it Is separated ftnin the floor of the fourth ventricle by 
the atrisc nieduilares which cri:5as it. Caudally ihc medkl nucleus of the vestibular 
ncrvss is continuous with the nucleus mlertrulatus which is a smaU collection of cells 
in the lateral part of the trigonum h^poglossi and lying betw een the dorsal nucleus 
of the tragus and the upper end of the hypoglomi nucleus; its function is unknown^ 
The cells of the ttiedial vestibular nucleus give rise to aaons which pass to the 
cerebellum and to the medial bngitudinal bundle. 

The infersur nucleus of fke veUihu!ar nerve lies on the laiend side of the medial 
nucleus, intervening bet^veen it and the inferior cembcllar peduncle^ It extends to a 
lower level than the media] nucleus, but it dtm not extend so high into the pons. It 
receives the descending branches of the incoming fibres of the volibular tierve and b 
said to contribiile fibres to the vestibulospinal tract of the opposite ^de (p. ^i). 

The nucleus of the tractus ftolitarius, the nucleus of the spina] tract of the tri¬ 
geminal nerve and the nucleus amhiguus show little alteration in position. Near the 
upper end of the nucleus ambiguus o small callection of cells in the retieuW 
formation constitutes the mferior rii/rtwr>' nucleus. 'Fhe fibres which arise in this 
nucleus join the fila of the glosaophary ngcal ttem and ultimately reach the parotid 

gland (p, l ijo)* l’ t 1 

The arrangement of the white substance at this level shows no conspicuous 

alteration. Tlic spinal lemniscus ascends dorsal to the oliv:^ mtcltna, recaining 
the aomato-topical arrangement already described [p. 959 )- The m/erior cerebellar 
peduncie has Increased in sbe and forms a wcILmarked elevation on the dontilateraJ 
aspect nf the medulla oblongata- Fibres from the otivary nucleus [olivocerehcllar 
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tract] p the arcuate nuclei of the medulla oblonguta [anterjar cKtemal aroMte fibres] 
ard the posterior apjnocertbeUar tract of tbc Bamc aidje ha^’c already been traced 
into it; tn addition it receives the pcsteri^r arai^teJihrtj^ which join it ftom 

the acceti^r>' nucleus cuneatus of the aame side (%. 835}^ and parQliva-cerebeUar 
fibres^ deriv^ from the aecessiiry olivary nucleip The constitution of the peduncle 
is completed by tibres ivhich join it fttHu the vcatibtilar s)'stem and are deatined for 

Fhj. 8^35-—A diagram to show the rornrioaitlan of tbc inferior ccrebcJiar peduncle. 
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the cetebdtum. These fonn a bundtcp someiiines termed the jtixfQmtifarm dody\ 
on the mt^lial side of the inferior cerebellar peduncle. 

The dispositioTi of the medial {rmnxicm {p. 955) altera in the upper part of the 
medulla oblongata. Its ventral portion widens and becomcB insiniuited betw^cen 
the dorsal aspect of the pyramid and the narrowing upper end of the oUvary nucleus. 
At the s^c time its dorsal portiou rcccdeii from the irctospinal tract and the medial 
longitudinsl bundle, and so maintaini continuity with the rest of the trscu This 
alteration in position is conEinued go that, as it enters the ponsj the medigl lemnigcua 
comes to lie in a carofial plane (fig. 858) in the ventral part of the tegmental portion. 
ITie media] lemniscus compriBes the second neurone fibres on the pathway of 
proprioceptive and tactile sensibUity and in iu course through the medulla 
oblongata it is Joined by the fibres of the anterior spinothalamic tract (p. ^i). On 
entry' into the pons^ therefore^ the media] lemniscus contains all the proprioccptivCp 
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tactili! and pressure fibres fitim iHe lower limb, the trunk 2nd the upper limb a/ (ftf 
opposife tide and there are good grounds for believing that the lower limb nbrea are 
placed most laterally and adjoin tliuse from the upper limb while those from the 
neck lie most medially. 


The Poss 

The pons, or fore part of the hind-brain, is situated in front of the cerebellum. 
From iO! upper part the cerebral peduncles emerge, one on each side of the median 
plane. Behind and below, the wns is continuous with the medulla oblongata, but is 
separated from it in front and on each side by a transverse furrow in which the 
abducent, facial, and stato-acoustic nerves appear. 

't*he veHiral or attiethr lUrjaa of the pons (fig. 824) is prominent, being markedly 
convex from side to side, less so fram above downwards, It consists of transverse 
fibres arched like a bridge across the median plane, and eathered on each aide into A 
compact mass which forma the middle cerebellar peduncle. It reata upon the 
dorsum sella; of the aphenoid bone and cm the upper portion of the basilar part of the 
occipital bene, and la Urruted above and below by well-deGncd borders, In the 
median plane the anterior surface of the pwna is marked by the shallow tuftui 
hcitifarii for the lodgment of the basilar artery ; this sulcua is tmunded on each side 
by an eminence caused by the descent of the corticospinal fibres through the sub¬ 
stance of the pons. Lateral to these eminenccH, a little above the middle of the pons, 
the irigerainaJ nerves make their exit, each consisting of a smaller, supcromedial, 
motor iron, and a larger, infcrolaicral, sensory nxrt ; vertical tines, drawn immed- 
taicly lateral to the attachitieJits of the trigeminal nerves, may be taken as the 
Ivoundaries between the ventral surface of the ptin.s and the middle cerebellar 
pwluncles. 

The dorsuf or fufttitiar lur/aee of the pons, triangular in shape, is hidden by the 
cerebellum, and bounded laterally, in its upper part, by the superior cerebellar 
peduncles i it fonm the upper part of the fioor of the fourth ventricle, with which 
It will he described (p, 984). 

The surface distinctions lietwecn the medulla oblongata and the pons, which are 
present in all mammals bm arc socetituated in the anthropoid apes and man, are not 
discernible in lower vertebrates. Trausverse sections through die pons in man show 
that it is Ticsadily subdivisible into a ventral and a dorsal purtion. The ventral por¬ 
tion, which is termed the friuifar part, contains bundles of longitudinal fibres, a mat 
number of transverse fibres, and scattered collections of grey matter which constitute 
the nudti pfiHiis. The dors,il portion, or is the upward continuation of 

the reticular formation and grey maitcr of the incduUs oblongata. In addition it is 
iraveraed liy the tuedial lemniscus, the medial kmgitudinal bundle, the spina] km- 
niseufi, the anterior spinoctTcbellar tract, ilie rubrospinal tract, etc., in fact, all the 
tracts which are passing from lower to higher or from higher to lower levels, with the 
excrptlon af [h-e p^Tanudal tract. 

I*lid tii^^nificdiiCc of lioflilar part of tile pona bccomci^ clear when it is rf 
l>cr«l that owing to the incrciiscd posaibilittes of movement iti the nmmmalii, the 
mainiTijliun ecrebclliiin rttlains a vastly j^eater importance than it possesses in the 
ncrvou:i system of iowtT vertebrates. The complex movements of the mammaliii 
tlcrmind pcjfeit coHardination for their proper execution, and ii is asstired hv the 
fx>nciexbfis which develop between the cerebral cortex and tlic ncocereLKllum 
tlirough the medium of the nuclei pontli on the descending pathway, and through 
the medium of the diaJamus an the ascending pathway, fn man, large fibre tracts 
cmnect the ccrebnil cortex with the nuclei pontis. where they are relayed to the 
t^e^ebellu^]. 

The basilar part of the pons is an expression of the imponance of the effector 
appamtu^ as an index of evolutionary pTOgress. 'Fhe intimate relationship be^vecn 
visual and auditory impneasions on the one band sod the movements involved in 
spcKli and writing on the other demand a rich connexion het^veen the visual 
auditory and motor areas of the cortex with the cerebellum. In the complexity of 
fns mo%^cmerHs man is far ahead of his nearest relations in the animal Itingdom/and 
in rnao, therefore^ tlic basilar part of the pons attains its highest development^ 

In the lowliest mainmals, such as Echidna, the basilar pari h present only in the 
region of the pons which lies above ihc attachment of the trigeminaj nttvt. Its 
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cnlaij^nncni in higher m^tnunals is efTtreted by its e^ctefision in a cnudal direetiDn. 
As a direct result of this extension, the aiiili. seventh and eighth cranial ncn.-ca lake 
their surface origin along its lower border. 

Internal structure of the pons,—'Fhc basifar pun presents a similar arrange- 
ment of its grey and white matter ai all levels. 

The longitudinal bundks comprise the eortJcDpuiitine, i:orticonuc]ear and the 
important corticospinal (motor) fibresp which arc continued down\rards front the 
base of the cerebral peduncle. As they enter the upper iimit of the basilar part of 
the ponSp they form a compact collection of tihres^ but they rapidly become broken 
up into numeraus smaller bundles^ separated from one another hy the nuclei puntis 
and the transverse fibres of tSic pons, TIh; Corticospinul fibrti descend thmogh the 
whole length of the pons and enter the py ramid of the medulla c^longata, where they 
form a compact tract (p. 949), In their course through the pons they giw off the 
coiikonuclrur fibres which run backwards^ downwards and medially and cross the 
median plane to reach the motor nuclei of t|ie fifthj sixth and sei'cnth cranial ncn'cs 
of the oppwite side. Some authorities believe that the seventh crarLiaE nerve also re¬ 
ceives corticonuclear fibres from the same side. The caniropimtinf fibreSj which am 
derived from ihc cerebral cortex, especially of the frontal, temporal and occipital re¬ 
gions, terminate at different levels in the nucleri prmtis (fig; 836)^ The axons of tlie 
cells of the nuclei pontis form the fibres 0/ ibe pom and constitute the 

middle cerebellar peduncle. ITie fioniopontine fibres termimite in the nuclei ponlla 
above the level of the emerging roots of the Hgcminal nerve and arc relayed to the 
opposite half of the cembellum as the upper transverse fibres of the pons.* 

The nuefej pontis coitiprise all the masses of grey matter which are scattered 
cvcrywhcTe throughout the basilar part of the pons^ As already indicated^ they 
constitute celbstations on the pathway from the cerebral cortex to the cerebclIumH 
The cells which constitute the nuclcf ponda are derivatives from the rhombic Isp 
which migrate vcntralEy and headwards. 

All the cells which migretc in this direction do not succeed in reaching the basilar 
part of the pons. Some of them rertmin^ forming an oblique ndi.-c acrofw ihc dor^- 
lalcral aspect of the Tnfcrfnr ccmbeliar peduncle, and constitute the nuciem 0/ the 
circutnoliiHiry bundle (corpus pontobulbarie)^ The fibres to which this diaendte part of 
ihc nuclei ponds givM angin run vertically upwards on tlie surface between the emerg¬ 
ing seventh nerve on the medial aide, and its seosoiy root and the eighth nerve on the 
lateral sidc« 'fhe afferent fibres to the nucleus traverse the whole lengtli of the pons 
with the corticospinal hbri^ and lesvc them Only in the medulla oblonitufa. They 
course obliqttely backwards and upwards ovor the surface of the olive, to reach their 
destination^ forming the/ajricEi/itf droimolwarii pyrantidis (fig. 845). 

The dorsa! pari of the ponx shows many differences in structure^ in its lower sind 
upper pEirtg. 

The areas not occupied by the central grey matter* the named nuclei and the 
principal fibre tracts, constitute the mieulur furmaiion of the pons. It consists of 
scattered laleta of grey matter, and fomts a constitticnt part of the cxtrapyramidal 
system (p, 1076). Its maui source of afferent fihra is ihc substantia nigra and ihc 
reticular formation of the mid^brain* by which it is brought under the control of the 
corpus striatum and the premotiar cortege. Its rffetent fibres, br^th crossed and 
uncrossed, descend to the spinal medulla In the rcticulospiruU tracts and to the 
reticular formation of the medulla oblongata (ree alto p^ 954). 

(A) The lower part of the tegmentum contains the motor nuclei of the sixth and 
seventh cranial nmes^ the nuclei of the vesiihular and cochlear divisions of tivc 
eighth nerve, and certain isolated collections of grey matter which will he described 
bchiw. 

The medial nucleus and the mferior nucleus of the vestibular nerve are continued 
upw^ards for a short distance into the tegmentum of the pons. The Imeral rfestibular 
nucleus is placed on the ventrilalera] aspect of the medial nudeua^ between it and the 
inferior cerebellar peduncle. This nucleus is characterised by die large size of its 
c^nsdtuenl ctllfi, which is strongly suggestive of their motor character. Some of the 
fibres of the vestibular nerve are relayed in the lateral nucleus and the new^ fibres 
emerge from iis medial side, l^ey turn downwards and descend through die pons 
and medulla oblongata to outer the anterior funiculus of the spinal medulla, w'here 
they consticute the timet, They endi unemssed, by forming synapses 

• footnote •, pagv ^73, 
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with the large motor celb of the interior grey column, and they probably constitute 
the outgoing path wav for vestibulospimil reliei^cs. 

The iufNTior uest^uiar ntiiUui extends to 3 higher level in the pons than the other 
nuclei of the vestibular ner\'e. It is contlnuoMs with the upper end of the lateral 
nucleus and ocoipies the superolateraj portion of die vesdbular area. The fibres of 
the vcatibular s^'stem which, arc relayed in tills nucleias may pass to the cerebcllurn 
or to the mediai Jongitudinal bund!c| of which they form an important oonstitiicni 
(f«r afsa p. 967). 

The vrntral cothfrar nueftus is placed on the ventnLateral aspect of the Inferior 


t-io. +tfctiofi throulih I he pimn at the kvd ©f the facinl coHleulus. 
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cerebellar peduncle, aa it passes upw'arck and btccally through the lower pact of the 
pons. The hucIcuh teasiva affereiit hhm from ihc ctkrhJear nerve^ and many of its 
nutgoing ^bres pass medially and fostrally through the substance of the tegmentum 
and decussate w ith corresponding ifibres of the opposite side. In this situation they 
constituie the tnrfiujt and end in 'm pejstcrior nucleus. Odicr snjtgoing 

fibres are relayed in the tpsilaieral posterior nucleus of the corpus tmpcwldeum and 
ascend in the lateral kmniscuB of the same side (fig. 838)^ Small islets of grey matter 
arc found amongst the fibres of the corpus tTapezoldeum^ from which they receive 
fibres and colktcraU. These scattered Collcctiajis of nerve-cclls together form the 
ani^hr nntf^us &/ /Ae corpus ^ro;^ro/dfrioft. 

Tlic dorsai cochlear nuckue^ which receives the descending branches of the fibres 
of the cochlear ncr\^e, lies on the dorsal asp^t of the Inferior mcbcJIar peduncle 
and forms die auditory tubercle (p. gSS). The fibres in which its cells give origin 
course mediallyp deep to the floor of the fourth vcntrick to the median plane where 
they cross and dcciissate with the corresponding fibres of the opposite side. Con¬ 
tinuing in a ventrilateral direction they join the fibres of the corpus Lrape^ideum, 
UJie relayed in its nuclei and help to form the iafrrai lemmscus {p. 992)^ Some of the 
fibres from the dorsal aichltar nucleus Iniverse the substance of the tegmentum to 
reach the nuclei of the corpus irspezoidcum of the same side, where they are relayed 
to the ipsilatcral auditory pathway (jr« aho p, 1126). 
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ITie pathways fohowcd by ihe second netironc fibres of the vestibular and 
CDchkar nerves arc not so ahurply difTcremUted 05 inight be supposed from die 
description pven above. It would appear from the w'ork of Winkler * and others 
that the vcadbular nuclei (especioUy the tateraj nucleus) contribute many fibres to the 
corpus trapezoideum and the lateral Jemniscus, and that similar reficx movements 
may be induced both by vestibular and by cocbEcar stiniuJatinn {j'rr aho p. 9Q5). 

The posterior (domd) nueletts 0/ ifie eorpta Irapejsoii/eum is ekiscly related to the 
corpus tmpKczoideum in the ventrilaferal part of the reticular formation (fig. ti 

receives coHatcrab from many of the second neurone fibres of the ip^iLateral eighth 
nerve and mtistp if not all, of die terminals of the contralaientl second neurone fibres 
(fig. 950). Its cfTcrcuts form the Lateral lemniscus, which constitutes tbc audiiory 
pathway and ascends to the lower auditory centres^ In addition, 3 group of fibres 
emerges rrom its dotsimcdial aspect and passes to the medial longitudinal bundle^ 
forming ihe pedsi^Frc/f of ihc nucleus. These fibres probably neacli tbe motor nuclei 
of other ctoniaJ nerves, particularly tlic rmdet of the trigeminal and facial nencs for 
reflexes i nvolvitig the tensor tympini and stapedius muscles, 11 is possible that some 
fibres from the posterior nucleus pass directly to the nucleus of the sixth cranial 
nerve^f 

77if striiT medtiifurfs u/ ihf /vurfh ventricle (auditory' striae) are exiemul arcuate 
fibres, "^Fhey courst across the floor of the fourth ventricle immediately deep to the 
ependytna. I eternity they extend to the lateral angle of the fourth ventricle j some 
cmier the ccrthcllum and otheis pass m the fn*dy which is a colleetinn uf 

nerve cells lying just ventral to the ventraJ eochlcar nucleus in the 4 eritrilateral part 
of the brain stem at the junction of the pons and medulla oblongsta. When traced 
medially the fibres of the strix medulla res sink in at the median Siikusn decussate 
with the fibres of the opposite side and pass deeply Xn the arcuate nuclei which lie 
dose to the midliiie ventral to the pyramid. The fibres of the stria-' medulbrcs arc 
not acoustic fihines as was formerly thought.fi *L'hcir precise connexion and func¬ 
tion are not known. 

The nucUm 0/ thr ahtiutmt ueny lies in the central grey matter a short distance 
from the median pknoi and in line with the nuclei of the third and foiinh cranial 
nerves, above, and tJie hypoglc^sal nerve, below. It is tti close relation with the 
rnedial longitudinal bundle, which is placed to its ventHmedial side. In this way 
fibres from the vestibular and cochlear nuclei and the nuclei of other cranial nerves* 
especially the third nerve, Imvc easy access to the sixth nucleus. It also beare an 
intimate relationship to the emerging fibres of the facial nerve (see below). The 
outgoing fibres of the sixth nerv^e pass ventrally and dmvnw ards through the reticular 
formationp intersecting the corpus trapezoideum and the media! lemniscus and 
traversing the basilar part of the pons to reach the surface at its lower border. 

Thy /actai irirc/etrj lies tn the ventrilatenil part of the reticular formation of the 
pons, immediately behind the dorsal nucleus of the corptie trapezoideum. Dorsal 
to it, and somewhat to its later^il side, lies the fpmaf imcl 0/ thf ingminal nmr and 
its associated nucleus. The facia! nucleus receivM fibres from the pyramidal tmet 
of the opposite side, a Emallcr number from the pyTomtdal tract of the same side* 
and also fibres from the rubro-reticular tract of the same side* Its li^rgc motor cells 
give origin to the fibres of the facial nerve. These fibres do not pass directly from 
their origin to tile surface of the rH>cis, but pursue a very^ remarkable course. At fiflsT 
they incline dorsally and medially tow'ards the fossa rhomboidea, w here they come 
into relationship with the abducent nucleus (fig. ^^37)^ They then course upwards 
on the medial side of this nucleus, criming into close Tclationslup w'ith the medial 
longitudinal bundle, by means of which the aes'cnlh nerv'e may be brought into 
c<immuntcaiion with the other cniniBl nerv'cs. Finally, the fibres of the fadal nerve 
cur\'e forwards and laterally over the upper end of the sixth nucleus forming the 
^rnrrw/ifiHo/ thr/arialnrixY. '['hey then passfoTxvards,blenLllyand downiv^rds ihrotigh 
the reticular formatioo. In the last part of their course to the surface they pass 
lictwccn their own nucleus on the medial side and the nucleus uf the spinal tract of 
the trigeminal uen^c nti the lateral side. 

■ C. Winkler* ** Thf Cenrpit Courw of the Xervu* Oeraviui and iti biflu^nCE on MatjUty," 
10 tS- vol. iv. 

t A. T, Hjumujistti and W. T. Peiion. 7. iwtip. 84, 

; T. ft, Alphin and W. T. Bjmea,7- Nntro/., So, 1944. 
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ITic unusual behaviour of the emerging fibres of the seventh nerve provides 
striking evidence in favour of the theorv- of aeumbiotfliis (p. 132). In the 10 mniF 
hiunau embryo the facial nuclcua lies in the floor of die fourth vcntricICp occupying 
the position of the branchial (special visceral) efferent colunm, and ai this stage it h 
placed at a higher level than the abducent nucleus. As gmwtli proceeds.^ the facial 
nucleus migrates at first caudallVp dorsal to the sixth nudeus, and then v^mndly to 
reach its ad ul t position. As it migrates the axons to which its cd Is give rise elongate^ 
and iheir subsequent course maps out the pathwoy along which the facial nucleua has 
travelled. 

It must be remembered that the facial nudeus not only receives fibres from the 
pyramidal tmets for volitional controh but it also recchx*® fibres from its own sensory 

FlO. 837.—Diagram to thaw the eemnil exhubc taken bv the fibm of the fiKisJ nervvp 

vi^-ed freiTii above. 








root (through the nucleus of the tractus aolitarius) and from the nucleus of the spinal 
uact of the trigeminal nerve. These latter sourcca of stimulation complete local 
reflex in cvety w^y similar to the segmental reflux arcs in the spinal medulla. 
It is in an endeavour to retain its proximity to the nudcua of the iracius sohtarius 
and to the nucleus of the spinal tract of the trigeminal nerve that the facial nuckua 
migratea from its original ptssiiion In the boaal lamiiia. 

'rhe nucleus of the facial ncni'e is subdivided into several parts. The cells which 
give rise to tlic axons mneiyaring the musdes in the ^calp and upper part of the face 
ate placed towards ilic dorsal part of the nudeus and are believed to receive corti- 
cotiuclear fibres from both sides.* 

The suptrioT sitihary nmfeus is closely associated with the inferior salivarv' 
nucleus and be* close to the rostml end of the dorsal nucleus of the vagus ; it is 
dorsilateral to the caudal end of the motor nucleus of the facial nerve, k contributes 
to the facial neive those fibres which are distributed, through the chorda tympani 
and the submandibutar ganglion, to tbe submandibular and sublingual salivan' 
glands. 

The pfi^riHu of tht spinul iroit 0/ th^ trigemiTial nertr is continued up through the 
lower part of the pons^ the fibres of the tract siiU being closely applied to the lateral 
aspect of the nucleus. It is placed ventnd to the lateral vestibular itudeua and is 
iniersccted by die fibres of the vcatibular nerve which are destined for that nucleus. 
The inferior cerebellar peduncle Jici to its lateral side belowv but passes dorsally as it 
ascends to the eerebellum, and the apina! tract of the trigeminal nerve and Icb niideua 
ore subsequently related laterally to the middle cerebellar peduncle (rre c/m p, 969). 
Abovtt the nucleus becomes continuous w ith the superior Kcnsdfy nucleus of V. 

tn addition 10 tracts already studied at 2 lower level the white matter of the 
lower part of the tegmental region of the ports has the corpus t^ape5£oidc^m^ 
* J. W. Paper, J. lyntrtff.f 41* ^ 9 ^ 7 ^ C- van Buflkifk,_ 7 . Nifur^d^ 82* iiHS- 
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tlic bteniJ lemiusci^ and the cincr|^iig fibres of iJic and seventh craniaJ ncrviss^ 
which art new elemcnis noi present in tlie upper part of die inedulk oblangata. 

Tlie mtdial lemnisaus occupies tSie ventral of the tegmentum. Its outline, on 
transverse section, is a fiaticned oval^ extending latentWy from the median raphe. 
The v ertically running fibres of the medial lenmiscus are intersected by the hori¬ 
zontal fibres of the corpus trape^oideuni, Latcnilly they are related to the spinal 
iffTiniscuj and to tlie trigeminal tmniiois. llie fibres of the latter are derived from the 
celts of the nucleus of the spinal tract of the trigeminal nerve of the opposite aide^ 
and they convey painful and thermal knpressiona from the skin of the face, the 
mucous rneiuhrancs of the conjunctive, mouth, nose, etc. 

The Carpus irapenaideum Is formed by fibres deriv'ed from the cochlear nuclei 
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and from the nuclei of the corpus trnpCKoideum^ They run horizontally and ros- 
trally in die ventral part of the tegmentum, and, liaving intemected or pas^d ventra! 
to tlic vertical fibn^ of the medial JemniscuSp they cross the median raphe^ decirs- 
aating with the corresponding fibres of the opposite side. Before they reach the 
emerging fibres of the seventh nerve the fibres of the coypuu trapezoideum turn 
upwards to form the Intern! lemniscus, which ta the ascending audilnr^' pathviay. 

Thc course of Uie outgoing fibres from the nuclei of the sixth and seventh cranial 
nerves has already been examinedi 

The medial iongitudinaJ bundle lies close to the medisn plane, immediately 
ventral to the floor of the fourth ventricle. It is closely related to the nucleus of the 
abducent nerv'c and to the tmicrgiiig fibres of the facial nerve, as they ascend on the 
medial side of that nucleus. The proximity of tlie fasciculus suggests that it may 
receive fibres from and tiunsmil fibres to both itmetures (p. 995). As it lie* in the 
lower part of the puns» the medial longitudinal bundle receives fibres from the med^ 
iai and superior vestibular nuclei and possibly from the poslerior nucleus of the 
corpus trapezoideum fp. 963)* peduncle of that nucleus. These contri¬ 

butions from the eighth nerve form the greater part of the fasciculus (p. 995 )' 

(B) The tegmental region of the upper part of the pons contains new ekments 
in connexion w'ith the irigcminal nerve, but otherwise shows no very noticeabk 
alteration. 

'Ehc motor nucleuM of the trigminnl ncrrc is sepaniied from the lateral pan of the 
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fliXH- of the fourth ventricle by it thin layer of centrsil grey matter and by a pan of 
the fanoatio reticularis pcintis« The motor nucleus receives fibres from the corti- 
conndear tracte of both sides, especially the opposite side, and from tke 
rubroretjcular tract of the same side. 

The fuptnoT rntsory of th trigmin^^l nt^TV€ lies on the latctaJ side of its 

motor puclcMs(fig^S3H)p intervening bemeen it and the middle cerebellar pediindcp 
and la condnuoua below AiilJi die nucleus of the spinal tracts 

The sensory root of the mgemjna! unlike the sensory roots of the other 

cranial ncr\'‘e3, eontains fibres of both cutaneous and deep ;^nstbility. The superior 
sensory niielcus is, i^hylogenetieally, a more recent acquisition than the nucleus of 
the spinal tract. It is absent in fislies ; it is present^ but of small size relatively, in 


FlO. —A dineclJan «f the poM, tht mcduJlt oblongltra and the right cerebclliir 
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amphibLa and reptiles* and it is constantly present in the mammalja. U therefore 
sho^vs A close pamlld to the tmdciis gr«idiLs and the nucleus cuneatus. On the 
other hand, the nucleus of the spinal tmcE, which is pn^nt in all vertebrates, is 
emjciuraUy identical with the substantia gelaiino&a of the spinal ineduila {p, 938) and 
is Eontinuoua w ilh its upper end. On purely phylngenedc grounds, therefore, it 
would appear to be ;astiii^le to associate the auperrior sensory' nucleus with tactile 
and deep pressure sensibilities and the nucleus of the spinaf tract predtimifiaiiily 
wiih painful sensibility, flowcvcr, histological and recent eacperimcntal and elinical 
evidence indicates tlial ocilain qualifications are necessar)'. 

The incoming fibres of the scfutujy root comprise a smallcf proportion of thick 
and a lai^r porportton of much finer fibres. Most of the thick fibres tertninate in 
the superior scnsoiy nucleus whereas the fibre* descending in the spinal tract are 
predominanliy fine fibra- It miijit, hEiw^cver, be stated that approximately 50% 
of rise tneoming fibres divide into ascending branches, W‘hich pa:® to the superior 
sensory nucleus, and descending branches, which enter the spinal tract. Such an 
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arrangement can only be explained if the two nuclei are, functionally, notao distinct 
from one another aa their phylofienetic himry would suggest. 

Hy the use of the electrical method of inveatigatEon it has been shown that^ when 
the skin and haira of the fate are stimulated by stroking witJi a camel-hair brushy 
action potentials arc produced in the spinal tmet of the trigeminal nen'e. * The 
evidence so obtained demonstiates : (i) that the fibres of the ophtlialmic nerve arc 
placed vcntrally in the tract and extend down to the lower limit of the first cerv'ical 
segment of the apinaJ medulb ; (a) that the fibres of the max illary nerve lie in the 
central part o\ the tract and do not extend below’ the medulla oblongaia ; and (3) 
that the fibres of the mandibular ntrv'c are placed in the dorsal part of the tract and 
do not extend much below the middle of the medulla oblongatii. 'Phis experimental 
evidence is Ciinfinncd by the clinical results obtained aher aecUon of the spinal 
tract f in cases of severe trigeminal ncuralgiiL Section of the tract 4 mm, bciqw' the 
level of the obex renders the ophthalmic and maxillary areas analgesic but tactile 
scnsibilityv apart from the abolition of ticklci is not afifected. When it is desired to 
include the mandibular area as wcll^ the section must be made at Uic level of the 
obex itself. In addition, iis a result of this operation^ the mucous membrane of the 
tonsilbr stnua, the posterior third of the tongue and the adjoining parts of the 
pharyngeal wall (glossopharii'ngcal nerve) and the cutaneous area supplied by the 
auricular branch of ihc vagus ticn'c arc also rendered analgesic, and it may therefore 
be Inferred that the fibres coitcemcd join the spimil tract of the trigemina.1 nerve and 
end m its nucleus. During the cour^ of these operations the laminated chanic^er 
of the tract has also been confirmed. 

The second neurone fibres which arise in the niielEitisof the spinal trj^ct of V cross 
at once to the opposite side and ascend as the trigemiftui Icmms^us^ which is intimately 
related to the spinal leinjiiscus in its passage through the upper part of the bratn- 
stem. The second neurone fibres from the superior sensory nucleus alsci eross the 
median plane and ascend in intimate relation wiih the media! lemnuscus. 

The ttiicleiit a/ ihr lateral Irmniscuz is a small collection of cells placed on ilie 
medial aspiect of the tract in the upper part of the pons. It receives collaterals and 
fibres from the lateral lemniscus, and some of its efferent fibres enter the medial 
longitudinal bundle. 

The white matter of the tcginentom at this level is marked by the absence of the 
corpus trapeaoidcum^ which h now replaced by the lattrul lemuEscus, and the 
in^^ion of its dor^iiateral part by the superior cerebellar peduncles. 

The medial occupies a position in the ventraf part of the tegmentum, 

but it has moved laterally a short distance from the median raphe. Here it is 
joined niedially by the second ncurtme fibres from the superior sensory nucleus of 
the trigeminal nerve, which convey proprioceptive, tactile and pri^unc fibres from 
tile area aupplicJ by tliat nerve. Alore laterally jt la related dorsally to tlie Lti- 
geminal and spinal Icmnisci and to the lateral lemniscus and its nitdcus. As the 
lateral lemniscus ascends, it passes dorsally and lies close to the surface. It will 
be seen dubscqucEitly to send its fibres into the inferior colHculus and the medial 
geniculate body. The mediai luN^HuJiriai hufidit retains its paramedian position. 

The r«ptfrj£?r e^thflJai peda^ele is formed bv a large collection of fibres which 
take origin in the dentate nucleus of the cercbclfum (p. and pass upwslrds and 
forwards to enter the lateral part of the n>af of the fourth ventricle. As it ascend^ in 
this position j| inclines forwards and medially' and enters the dorsilateral part of the 
tegmentum. Tfic anterior spinocmbellar iraei is intimately associated widi the fore¬ 
going. It has already been traced up through tile medulla oblongata, where it lies 
dorsal to the olivary nucleus and fieparated from the surface only by the anterior 
external arcuate fibres. In the low'er pan of the pons it inclines dursalty between 
the Sensor}' nudeus of the trigeminal nerve and the middle eerebdlar peduncle until 
it reaches the ktemi aspect of the superior peduncle. Its fibres then curve flown- 
wards and backwards to enter the cerebellum. 

Tim 

The cerebeltuirii the largest pan of the bind-broin, lies behind the pon^ and 
medulla oblongata^ and its median portion is separated from the^ structures by the 

* 1'^ Hsrrisofi and K. B, Corbin, J. 5, 

t G-E. famjtli, BroiJi, fro, A. Arch. NfUtal. PTyckiaf.^ Chic^^fi, 57, 1947, 

BJld Murray A. Fslconflf, J. A'enriit. Nfiurorur^, amt Piy^h., 13 ,^ *94$. 
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cavity of the fourth ventrick. h lies in the piisterior cranial fossa jmtJ is covered by 
ihc icntoduin ccrebelll loSi). Ii is some what ovoid in form, but constrietecl tn 
its median pan, and flattened from above downwTirda^ its greaicst diameter being 
from side to side. Its average weight in iIm; male h about 150 gms. In the adult the 
proportion between the ccrebelluin and cerebrum is about 1 to 8, in tJie infant about 
t !o 20. 

General form-—TTic cerebellum consists of xvitq mebellar kemisphfrft joined by 
a narrow mediaji strip, the CTrmij. On the suf^ior surfa£tf howe%‘cr^ there is no 
attempt at subdivision in t^ie sagittal or parasagittal planes, so that the superior 
vermis, which is raised into a alight median ridge, is directly continuous with the 
hemisphere on each side. Anteriorly the superior vermia projects upwards beyond 
the free margin of the tentorium certbelli, and from there it slopes downwards and 
backwards, related above to the straight sinus^ The upper su^ace of each hemi¬ 
sphere is in contact with the tentorium certbelli, and slops downwards and laterally 

Fig. $4a,^The cercbcllultl. SupenDf Upecf. 





iTtwMInr 


from the superior vermis. It is bounded, in front* by an antcrolatersil margin^ 
which corresponds to the attachmeDt of the tentorium cerebelb to the superior 
border of the petrous part of the temporal bone, and behind, by a curved poslcriDT 
margin, which abuts Against the transverse sintia as it lies in the attached margin of 
the tentarium ccrebelli^ 

On the jij/friW furfact the cerebellar hctaisphercs are separated from each other 
by a deep hollow, which is termed the nu/Zent/d. The inferior surface of the hemi¬ 
sphere is irregularly convex? and lies in contact with the posterior surface of the 
petrous part of the temporal bane^ the sigmoid sinua* the mastoid part of the 
temporal bone and the lower part of the sijuAmDtis portion of tlic occipital bone. 
The iVr/enV tYrmij projects into the floor of the vallecula and is limited on each aide 
by the nilctiS 

ArttfTUfrly the cerebellum preacnla a wide* ahallDw notch+ which lodges the pons 
and the upper part of the medulla oblongata* but these portions of the brain^stem 
Are separated from it by the fourth venmclc. In the Hoor of the anterior cerebellar 
notch the peduncles pass into the white centre of the cerebellum. 

Posferhriy the hemi^hcrcs are separated from each other by the poslertor 
cerebellar notch^ w'hich is a deep and narrow' interv'ah lodging the FaIk cerebelH of 
the dura mater^ 

Tm MORl^llOLOOlC-At SuUDrVI signs of TIIF CEUESEU.tM 

The surface of the cerebellum is evert^vhere mArked by closely set Lmnsversc 
and somewirat curved fissures which give it a lamlnaicd appearance and separate its 
oofistitucnr /o/in. Some of the fissures are deeper than othera and serv'c to sub- 
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divide organ into bbult^. The most conspicuoiis of these Hs^kircs is the Awn- 
^ontal fissurr. This c^etends around the lateral and posterior borders caf each cere^ 
bellar hemisphere from the middle cerebellar pedicle in front to the posftrior 
cerebeilar notch behind ^ it marks thcjunction oFthe superior and inferior surfaces 
of the cerebellum. 

Sup^ior Stance (%, 840).—'rhe moat edii5picii[}U9 fissure on the superior 
surface is the fissure prima. Ibis is somewhat V-shaped with its directed 
ba^war^ and curisng into the superior vermis at the junction of its anterior two- 
thirds wiih the posterior third, 'llie lines of the fissure are directed laterally and 
forwards around the superior surfaces of the cerebellar hemispheres and meet the 
horizontal Bssnrea close tu their anterior ends. 

'fhe superior vermis is subdivided by shorty deep fissures into tJie iingala^ 
c^trai iobuie^ ru/tftfn, deflhx and foitum termis in that order from before backwards, 
li^ch of these subdivisions, except the Itngula^ is t.ontinuous bternlh^ with the ad¬ 
joining lobule of the cerebellar hemL^pheres (fig. ^j). The hssura prima cuts the 
superior vermis beiwTen the culmen and declivc. 


Fiu. 841 -^Median aiihttol scetjoFi of the cerehelliifn and hnin-Eicni. 
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The lin^s consists of a single lamella which presents four or five p>orly marked 
folia on its surface : its white matter is directly continuous with that of the anterior 
™dulhi^' velum. The lingida is separated from the central lobule bv the fNatiwgunl 
The central lobule is conlittlldiis laterally with ihc n/rr 0/ thr rimfrai /ote/e. 
rhese are limited behind by the postceHim/fiisurt. Between this fissure and the 
fissura prims hea the culmen Rtedially and the ^uadrangulaF tobufi^ laterally. 

'Fhc superiof surfaces of the cerebellar hemisphere and vermis behind the fissura 
prima is divided by the curved fmst!unti(efiisare into an anterior portion which con- 
sisTs of the dedive with its latcr^ extensions, the fobuJi fimpkx and the folium vermis 
with the adjoining parts of the cerebellar hemisphere termed the supmor semifunur 
/oftu/rr w^hich arc limited behind by the horizontal fissures. 

i^iTiDr surface (fig. S43}-—^^rtiis surface includes the inferior vermis and the 
inferior aspect of each ccrebilkr hemisphere. The inferior vermis is subdivided 
into four smaller portions named from behind forwurds the tuber vermis, pyramid^ 
uvuk and nodule- The tuber vermb is continuous Laterally with the in/enbr 
stmiiurt^r tanfuks. 'Fhese parts are hounded, behind, by the horizontal fissure and, 
in front, by the prfpyram^i^I fissi^re. The pyramid is separated from the uvula by 
the pdii^pyrtiimdaS j^rarf or fistura seranda and is continuous laterally with the 
ifhfnira/ f^uU on the inferior surface of each hemisphere. In front of the uvula and 
separated fratn it by the tnedian portion of the posterolatenil sulcus is the nodule 
(figs* 841 and ^543). 

On the inferior aspect of the cerebellar heniisphcre^ ki front of the biventral 
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lobulep Is a deep the rrUotoimlfarf Avhich psi^^se^ lattmlly from the sulcus 

i allectilH: opposite the flasura sccuiida and then cum-s fotAvards to gain the anterior 
part of the tnfedtpr tturfacc of the hemisphere, 'i'ogcthur with the onterior part of 
the sulcus valleculA: it hounds a dn:uni 3 CTil>ed portion of the ccrebdlutn, termed the 
toniif, which is ctmnectcd to the uvula across the of tin; sulcus vallecula: by a 
strip of cortcK, termed the furroti-rd band (fig. 845). Superiorly the tonsil lies in 
intimate relaiioni writh I lie inferior surface of the inferior medullary velnn;. 

I'he nodult Is the ntosi anverior pan of the inferior vermis, ftehind, it is 
separated from the uvula by the posiembcenil fissure, and on each side It is connected 
to the floccutus and the white core of the hemisphere by the inferior medullary' 
velum. Its antercH-superior aspect is directed towards the fourth vcntritle. An¬ 
teriorly it is covered with grey matter and crosscit by two or three shallow^ fissures. 
In this situation it is separated from the ventricular cavity by a double layer of pia 
maicr and its contained cluiriuid plexus, and the ventricular ependyma (fig. 853). 
PosteriorJy the grey matler is deficient^ and the w hitc matter lies on the free surface, 
covered with a layer of neuroglia and the ependyma (fig, The lateral aspect of 

the nodule b free anteriorly and ia covered w ilh grey matter, posiertorly, it presents 
3 narrow stri|\ where its white core would he exposed, were it not directly con- 
tiniinus with the nervous layer of the inferior medullary velum. 

The is a small, partially detached portion of the cciehellum w hich lies 

immedbtdy Itcluvi' the stato-accustic nerve os it entens ihc bmJn-stcm, and La 
crossed antcrt&rly by ihc fila of the glossopharyngeal and vagus nerves lis Lhev pass 
laterally to reach the jugular foramen. It is somewhat ostiI in autline^ with a 
crenatqd margin, and fmm iES medial end a narrow hand of while fibres cmetgcti^ 
which congtituies the prdunrit of the flocculus ; it is covered anicriorliy by the lateral 
recess of the fourth ventricle und the part tif the chorioid plexus which proiects frorn 
the aperture of the recess (fig. S24). I'he peduncle contnim both afferent and 
cffcfcni fibres. At the lateral angle nf the floor of the fourth ventricle k divides iult) 
a dorsal and a ventral part. Throngh the dorsal part the flocculus establishes con- 
nesions w ith the nodule and the uvula* The ventral part paa^^es medially and turns 
upwards chise to the lateral brjrder of the pontine part of the flrw^r of the ventricle. 
iMufiy of these fibres are afferent and are derived from the vestibular nuclei and abi^ 
according to some authorities, i'rdm the mcdkl accc^ry olivary- nucleus, bui others 
are efferent to the vesribular nuclei and ^K>me appear to ascend to a higher levcL 

Tinr FustrnoNAL Sf cot visions of the CucijBELLiJM 

ccrelienum can be subdivided into two fundanicntal parts termed the 
doeculanodular lolxr and the ctirpus ccrehclli, the latter comprising an anterior and 
itiiddle lobe * f 842 These Subdivis^ions piisscss functhuial os well 

0,4 morphological and eitihry^ologii^ significance. The Jioccnfon&daii^r c^msists 
rff both flncculi^ their peduncles and the nodule. The oirpus crrebeHi comprises the 
remainder of the cerelM:llum and is separated fmm the Hocculnnodubr IoIk- by the 
posterolateral Itssurc w'hich is the first to appear on the ctfcbelltim both in phylogeny 
and ontogeny. 1*he corpus cerebel]i is suUivided by the fissum prima into anterior 
and middle lobes. The nntrrhr /-yAc lies in front of the fissure and compriaes the 
lingula, central lohuEc, culmcn, bLc of the central lobules and quadrangular lobules. 
Tlte remainder of the corpus ccrebelli k termed the middk and comprises the 
dcclive, folium vermis, 1ul>cr vermis, pyramid, uvula, lobulus simplex/biventral 
lobules, semilunar lobubs and tonsil*. 

Certain portions of the cerebellum are phylcgenetically older than the rest, 'I’hc 
flocculonodular lobe, which is exclusively vc^buiar in its connexions, together w iih 
the lingok, which receives spInoccrehclUr in addition to vestibular connexion 
constitute the oldest part of the cerebellum, which k frequently tenned the titchi- 
ffTtbrilum. rjic anterior li>be, excluding the lingula, but together with the pyramid 
and uvula, is phylngcneiically the next pan to appear and is predomitiantlv spino¬ 
cerebellar in its connexion, constituting the paUfJOrttbriliim. At this sUge in pliyb- 

• nur term puntrrior l*itw by jionie mutliontica is conruAinit n it mav bo uji«d to 

deiigTiAti: cither the middle kibe Of the tloccutcincwiiiLir |abc or bolh lobra together 

t For a review of ftemi work and fuSI list of errcrciiceii. to the Ntrrstuiie m*4 o. I^nelk 
Arch^ 1^37, R.S. I>>w, I7i 104^. and J ji^nfictk 4*tidA. BnxEij' 

Ejf Cblo, 1954. ' 
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J^eny, this newly acquired Jobe separate* the anzhiccrebclluin into two parts, the 
Jinguta in firont and the fJoceulunodular lobe behind. With the evoltiuon of the 
neopaUium in the mammal, there is a further cxpanaiofi of the cerebellum with the 
addition of the middle lobe excepting the pyramid and uvula. Iliia addition 
constitutes the firiKfrfbtNufft and is predominantly corttcocerebellar in its con^ 
nexions,* Like the paleoccrtbellump the nccKrercbellum inicrvenes between the 
anterior and fiocodanDdubr Jobes. 

The HJiterlor metfulJary vefum is a thin lamina of white substaneei. which 
stretches between the Superior cerebclIaT pediinck-a (brachia cxinjunctivah and with 
them famw the roof of the upper part of the fourth ventricle - its doErp surface is 
covered vyith the H-cntricular ependyma, Hac veliam k narrow above, when it extends 
into the interval between the inferior coJliculip and broader he]ow% where It h con¬ 
tinuous with the white substucLiTr of the vupenor vermla. The folia of tJie lingula arc 
pnilonEcd on to the dor^l surface of its lo^^'er half, and a median rid^, termed the 

FlO. DiBffrnm to shew* iht matpholoideal ttod funcikmal lubdivuiotis of the 

cerebeMutn. 



frenulum tv/r, descends upon its upper pcti from betw^een the inferior culliculi. The 
trochlear nerves emetge at the sides of the freaMlnm {%, S51J. 

Tile posterior medulLary vola form two thin, somewhut erescentict sheets placed 
one on each aide of the nodule. Each oonsista of a thin layer of white matter and 
neurogltB, covered on in upper aspect with the v'eniricular ependyma^ and on its 
lower aspect with pia mater. Its superior tutfsce forms the lower will <if the lateral 
dorsal recen of the fourth ventricle (p. ^84}; iu inferior Surface is related to ^e 
Superior aspect of the tonsil. Eta con\ex peripheral margin ts continuous with the 
white core of the tJerebenurri and with the sides of the pyramidp uvtilB. and nodule ; its 
anterior (aometimes mferior) border la ftee {hg. 852) and from it the ventricular 
ependyma is prolonged downwards in close appnsi don with the pia mater to form the 
thin part of the toof of the ventricle and to reach tJie lenitie. At Its anterolateral comer 
the velum ia oondnuous with the dorsaJ part of the peduncle of ibe flocculuit from 
which mostt if not all, of its ncrv'c-fibres arc derived, 

DevELOPMeirr of the CEREREtti^Sii t 

Early In the third month the cerebellum ia represented by a mass which streicbesi 
across the roof of the upper part of the Kind-bmin vesicle and pn:*ent* the appearance 
of a dumb-belJ {%. 134). Its narrow median part is destined to form the vetmis, and 

* According id Abbie the ciilmm rerrivea, thnnigh the medium of the lower troniverse 
fibres of the pans^ nnmittiDu^ eoiirtauen^ from the tempomb parietfil and ucc^iul cortices, 
whereas the decline, fnlium vermis and tuber veitnLi receive siioilar ernmndena frwn the 
frooul cartca through due upper rntnsvem fibres of the pom. For s detailed Accoant^ see 
Prnr. fttPjv hW. ii5p /Vo/VcIim 0/ lAf F 4 jrjnft™k oa r/ie FoJti md Cri'i^r/lum, Bv 

A. A- Abbie, 

tOr l^rsellkX -VrPrOf.. 87, 1^47. 
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iu wlaraed eiWtmitiea develop into the hcouaphenSn As gniwth prD«eds a nujnlwf 
of tninavrrtc i;roove« appear on the dorsal aspect of the oere^ilar rvidunent, mu rave 
rise 10 tlie numcnejua fissurea 'which thafactcrisc the of t™ ctrtbel n-tn (li^x 43 

*”'^"]^^|ateral pntts of the pmterolatrml fiftate appear btfoM any of the aiiiers iwid 
demdmtc ihc niMt cnudal parcion* fmin ihc rest of the rtrebclUr njdrmcfit, ena.^ lOg 
the fhictmili t<* be identified, llic rlffhf nnd left parts of thisi r^tmd media (y 

and meet in the median pkifiCT where they^ demorcBlc the Urodule- noccut^ocIuJ 
lobes Cim n<jvi’ be recOKnisnd and eonitituic the most caudal part of the cerebelfura at 
this stABCt hut, owing to the growth of the adjoining Jtresa, they cmhc to cwccupy inc 
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anterior pan of dse inferior eurface in the idult. llaey are formed in clrwc proximity 
to the line of ariiidiment of the epilhclia] mof, i,c. to the ihumbk lip ip* 133). 

At the end of the third month a tranaverse ftittow' appears on the cephalic siopc of 
the cerebellar rudimenl, and detpertt to form the fissura prnm, which cuts inw the 
vcrmit and both hemiaphefes, sepaiatinR o(T the mo^t headw'ard portidn of the nidi- 
ment to form the anterior lobe. 

About the same period two ahon tnmsverse Kmaves appear 00 the inferior veimia 
behind the poatnndulAr fUaure. The first of fhi^ U the fisiura which demaf* 

CBtrt the us?uli^ mud the second is the pi^sipyramuial which demarcated the 

pyrnmid (fig. &44h whole cerebeHiiin grows in a dorsal direction^ and the caudate 
or inferior, aspects of the hemispheres^ undergo miith greater enlargement than the 
inferior vcmriai, which ihcrcforTc becomes buried at the bottom of a deep hollow—the 
v<^lt^cu)a. these changes are taking pisec nkimemus additional fissures develop, 

but they have little morphological significance. The moat ei^tensive of them forma the 
AoFijronf £i/ fiimre. 

In many mainmils d portion of the hernisphere immedLittely cranial to the Hocculaj- 
fbsufe becomes dcmareaied and in some It form$ a very prominent part of the cere¬ 
bellum. Owing to its rrlarion to the fiocculua^ U is tenn^ the pQTf^/hccuim, but the 
leiationship is purely topogimphiciilp and, bv conrradiftinedon lo the Boocuius. the 
panifiocculus derives isa afferent conncKions mainly, if not entirely, from the cerebral 
cortex. It is imce rtain whether any hoinologuc of the pantfiocculus exism in the human 
ccrebctlumf or whether it is represented by Bome small palchci of gray matter which 
are found not infrequently on the inferior surface of the middle cerebellar peduncle. 


THE INITRNAL STltUCFL'llE OF THE CEREBELLUM 

The Cerebellum exhibits a profound difference in structure from the spinal 
medulla, the meduUa oblongata and the pons, for the grey und white matter of w hich 
it is comprised are arranged in a precisely opposite manner^ The grey matter is 
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found covering the whole surface of the ccrcbcHum and dippLug iti lo line the various 
fissures which cross its surface. It is true that -certain aggregatians of grey matter 
are found in its interior^ but that does not in any way alter the importance of the 
peripheral distribution of the gney matter and the cLutral arrangement of the white 
matter. In this wny the cerebellum resembles the cerebruin. ancl it is this modifica¬ 
tion of the dispDsitiun of the gtev matter which haa rendered possible the enonnoua 
degree of cxpanBion which these two parts of ihc nervoiia system have undergone 
during the process of cvoliitioni 

The white matter forma a central cote^ which is much thicker in the lateral 
parts than it is iu the cnedian area, whete It fomM a fbttened strip connecting the 
enlarged lateral portions with each other. From its surfacea a series of nearly 
parallel plates Or lambm: project towards the surface^ and these give off secondary 
Lamina?, usually more or less at right angles to the primaiy laminie. In turn the 

Fic. S4_p—Median sectwn* through the deveSeptnji cerebellum, showing 

four difTercjit AUtge^r 

Xafciw leifl 
(ffifdidn piri} 


klfrat 

Nodutf 






secondary Inminte may give off still shorter lamma:, all of which are covered with 
grey ruaiter. When a section Is made through the cerebellum parallel with the 
median plane U divides the primary lamifue at right angles^ and the cut surface 
presents a charactcriadc branched pppearanee which is terrned the arbf*r vtt^ 
{fig* 849). 

The white matter of the ccrebdlum consists propri^r and (z)prcjeciion 

fibres* 

(1) Tht: fibr^r propria do not leave the txifcbellumi but connect different corticaJ 
areas with one another. They may cross the median plane, and in that event they 
are termed commiaartti or they may be \p$\hicTai—wociaiiim fibres. Very 
Little is known about the commisaurai fibres beyond the fact that they do not form 
any large bundles. The aMOcietion fibres, too, for the most part run singly, and the 
BvaJlable evidence suggests that they ste fclativety' short and that they end as 
climbing fibres (p. <>So)* 

(i) The projection fibres connect the cerebellum with other parts of the brain 
and the spinal medulla. They are grouped together into three large bundles or 
pedundes on each side and th^ issue from the anterior ccrebcUar notch. The 
superior peduncles connect the cerebtUum to die mid-brajn, the middle peduncles 
connect it to the pons, and the Inferior peduncles connect it to the medulla oblonpta. 

The superior cerebellar peduncles emerge from the upper part of the anterior 
cerebellar notch and are hidden from view by the anterior lobe of the cerebellum. 
When iluit stniciure h pulled aside they can lie seen connected with one another by 
the anterior mcduLlarv' veluTOi and ascending in the Lateral part of the roof of the 
fourth ventrick to disappear just below the inferior colliculus. The great majority 
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of Uk; fibres which wniititute this strand are cflcront frotn the cerebtUom and t^e 
oritnn, for the mcrat part, in the cells of the nucleus dentatus. They ^crjjc from the 
hilus of the nucleus and, having been joined by efferent fibra from the nuclei 
etnboUformis and globosue, they pass upwards, forwards and medi^lv, 
over at first by the medial fibres of the inferior and the deep bores of the m'dd c 
(Kdunclc. As thdv ascend in the roof of the fourth rentndc the fibra gradually 
incline forwards, and aink into the tepnenial recion of the mid-bram under cover ot 
the lateral lemniscus, 'fhey then sweep medially to decussate with 
ponding fibres of the opposite aide. Alter the decussation ih^e fib« divide into 
Ending and descending branches, lionne of the ascending branches end m the 
red nucleus, but others are continued upwards into the rostral end of the ventral 
nucleus of the thalamus (p. 1003), whence they are relayed to the motor and premotor 
areas of the cortex (p, 1041), Othert are said to proceed to t he nuclei of the oculo- 
moror and t[t>chK"aj nerves. The descending hrunehca can be traced downwar 


Fio. JMs.—A diaaeetkin of the left wnsbellsr heoiisphcir ijrd its peduneka. Drawn 
fn^rn A ditsecled by the Idle Dr- E. fl. jfrmcaon. 
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through the pons into the medulla oblongata and^ according lo Cajal^ they are 
continued into the anierior and lateral funiculi of the spinal medulla. 

In addition lo these efferent fibres the superior cerebellar peduncle contains the 
ftfrerent fibres of ihe antefior ^inoccrebetlar tract and a group of fibres which take 
origin in the tectum of the mid-bnun and constitute a teciocerebellar path%vay for 
the passage of visual impulses to the cercbelLum. These two afferent tracts utilise 
the peduncle as a oonvenient mode of access to the ccrebcltum^ 

The fibres of the anterior apiitoccrebellar iraci irtscend from the spinal mcdulb 
(pp, and 969)^ and terminate in the cortcR of the superior vermis of the anterior 
lobe on both sides of the median plane. The projcclicin of these fibres is not strictly 
limited m the vermis but e^Ltends to the lubis adjoining this part of the Euperior 
vermis. Nor la k strictly limiied to the sncerior lobe, for some fibres ean be traced 
to the declive and the lobulus simplcrx of the middle Eohe. 

The middle cerebellar peduncle^i (fig, 845) aie largely composed of fibres 
of the second neurone on the coriko-ponti’-cerebcllaj pathway. They arise froin 
the cells of the nuclei pontis of the opposite side and end in the cortex of the 
whole of the middle lobe of the cerebellum with the exception of the uvula. A few 
qf the fibres encroach on the lateral part of the anterior lobe. In addition the middle 
cerebellar peduncles arc said to con tain some efferent fibres to the nuclei pontis. and 
others to the spind medulla. 
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The fibrM of och middle pedijncJe are arroDged in three fasciculi, aupcHor, biferior, 
and deep. The swprrtufr fasciculiis is derived from the upper treusverM fibres of the 
pons ; it is directed bsckwsidfl and Uterally superficial to the other two fasciculi^ and 
IS diat^buted nuiniy to the lobuks on the inferior surface of tbe cerebellar heziusphere, 
and to the parts of the superior surface adjoining the posterior and lateral margin^ 
The infiftor fasciculus b fonned by the lowest tmnayerse fibres of the poos; • it 
passes under cover of the superior fasdculus and b continued dovmwards and 
backwards more or less parallel with Ltp to be distributed to the folia on the under 


Pin, 846,—The eooceikiiu of the oerebcUum+ DiKgmnreatic. 
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fibres of the pon.. It » sf fint covered by the supenoT tnfenor fwicuU. hui 
emsainj! obliq^ly it .pptflre on tl» medal «de of the tupenor. from «^th 
- bundle f in fibres epread out and pas to the upper anttoor cerebellar folia. The 
fibrea of this fasciculus cover those of the infenor peduncle. 


The inferior cerebcUar peduncle foniis a second br^ tract of aflenent filro 
to the cerebcUnm. It draws ita coiwtituenl fibres from a variety of eou^.^d they 
come together on the doreUateral aspect of the upper ^^^e medulla oblongata. 


* Sw foomote p. 97J. 
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At ihc ^tcrior cerebellar notch the Ipci bends backw^ds abmpdy and insinuates 
itself between the superior and the middle peduncles. Each inferior peduncle con¬ 
tains the following fasdcuU ; f i) the posterior spinooereMkr tract, which uMnds 
uncrossed from the spinal nurdulk. The majority of its fibria temitnaie in the 
vermis of the anterior lobe and the immcdiaiety adjacent parts of the adjoining 
lobules, extending further laterally than the fibres of the anterior spimicerebclbr 
tract. Fibres ffom the pc^stcrior spinocerebellar tract abo termiiuite in the pyramid, 


Via* B47-—A tJvnTTVEK tectioa through a cdrcbrilar falium, Db^rraminntic. 
(After Rami^n y Ojsl and KoUiker.) 
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uvula and dcchve; * fi) the olivoccrebelbr tract frotn the olivary nucleus of the 
opposite side* which tcitiunates for the roost part in the cortex of the middle lobe 
and exhibit a point to point rebtlonship between the oUvary nudeus and the 
cerebellar cortex ; (3) the parDlivocerebclkr fibres from the accessory oliv'aiy nuclei 
of the oppcBiie side, which terminate in the cortex of the anterior and Hoccula- 
nodulsr lobesp and of the %xnniE in the middle lobe i the anterior external artuate 
fibres from the arcuate nuclei of Ixjtli sides (p. 957) ^ (5) the poatedor external 
arcuate fibres from the bteral cuncate nucleus of the same side. Both ib^ groups 

■ R. S. Dow R. Anderwn {Jr 5, 1941), uwny the electrical method of 

tnve*davdori, conhnued the of propnoceptive ttbuuU fwn the muicki of the limln 

t* the pyivnitL At ibc ffamc time It tt imemtuiB to obicrve that they fcnind that tactile 
itinujJi applied to the hairs of iht limbs ifoiuniactiDa pofentiik in the eulmcn and brer in the 
pynmid and uvula (ir# ^ P.0S3). J. Jaruefi and A. Bredal .drperft o/Cff^lijr Anairnty, 
Oalo. c^54- 
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end in the cortex of the ccTcHellutn, but their precise conuexioiw have not been 
satisfHCtorily dcmonslfaicU {stt tslso p, 95S); (h) %-cstibuliir fibincs, derived partly 
from the veatibokr nuclei but largely from the vestibular eJivision of tlie stait>- 
acduSLic nerv'Cn isccupy the medial part of the inferior peduncle in the ju.Marcsti form 
body. They terminate for the most part in the cortex of the flocculonodular lobe, 
and in the nuckua fastigii; some arc i^elieved to end in the lingttla and a few in the 
uvula : (7) cerubello-vcBtibular flbres, vvhich constitute an ciferem pathway from the 
fiocculus, nodule and nucleus fastigii to the veslibukr nuclei. Moat of theclfcrcDl 
fibres from the nucleus fastigii hof^k round the cerebellar end of the superior 
peduncle before joining The inferior peduncle. Simh they leave die peduncle and 
pass medially and ventrally to end partly in the vestibular nuclei and partly in the 
reticular fonnatiou of the brain-stem. 'I'he latter arc sometimes termed the 
Jastigifi-imibiir ffact ; ( 3 ) rcticulo-cerebcllar fibres from tlic lateral reticular ttuclcu^ 
in the medulla oblongata to the cerebellum. 

Grey matter#—The grey matter of the cerebellum is found in two situations ; 
(i) on the surfacCp forming the cortex i (i) us independent masses in the interior. 

([) The grey matter of the corlcx presents a chajacterisrie foliated appear¬ 
ance, due to the aeries of lamina: which project from the central white matter; 
these in their turn give off secondary hurunac^ which are covered by grey matter^ 
Externally the cortex is covered with pia matet; intemally it rests on the white 
tnatter. 

Throughout ib whole extent the cerebellar cortex showa cottiplctc uniformity of 
structure. Local differences ^ which are so pronounced in the oerebral cortex, do 
not occur in the cerebcUiLm, so that it is impossible to distinguish beiw een sections 
taken from different areas. Not only ia this the case in man, but it holds 
thniughoui the vertehratc kingdom. 

The cerebellar cortex consists of two layerjp vi/.. an outer, molecular taycr, and 
an inner, gramilar layer. 

The multcuiar ky^ comprises superimposed superficial, intermediate and deep 
strata of nerv'e cells and a large number of non-medyHated nerve-fibres. The cells 
of the superficial sttatom consisi of small pyramidal cilbi w hich send their dendrites 
and axons in a sagittal direction. The axons terminate by establishing synaptic 
rektionships with the dendrites of the Purkinje cells which are found amongst the 
cells of the deep stratum. The intermcduite stratum contains large pyramid^ gcUsh 
which have been lentied the ' Imsket * cfiU. Th^h dendrites and axons also cxicjid 
in a sagittal dirtiction and the Jailer arc dearly of great importance since they not 
only end by arborising around the body of a Purkinje ceil, but they also give off 
collaterals ivhkh fenuinate in the same ivay. One basket cell may^ through its 
axon, cume into rclaiinrtship with six or seven Purkinje cells {fig. H47), 1 'hc deep 
stratum co nsista of 1 he cells of Purkinje and t he cd !s of GoJgi, The cells of Purkinje 
are peetdiar to the cerebellum ; they form a single stratum of large, flask-shaped 
cells m the junction of the molecular and gmnular byera, their bases resting ^insi 
the 1 Slier. The cells ate fiaticned in a dinrciion transverse to the bug axis of a 
folium, and thus appear broad tn sections carried across a folium^ and fuaifoim in 
sections parallti to the long axis of u folium (fig. 848). From the neck of the flask 
one or more dendrites arise und pass into the moJecubr layer, where they subdivide 
and form an extremely rich arborescence^ the various subdivisions of the dendrites 
lieing cuvered by laicnil spine-hke processes. This arborescence, like the odl, is 
ftattened at right angles 10 the long axis of a folium ; in other words, it resembles the 
branches of a fruii-trcc trained against a trellis or a wall Hence, in sections carried 
across a folium the arhorcsccftce is hruad and expanded : whereas in sections parallel 
to the long axis of a folium, the arborraccnccs like the cell, is seen in profile, and is 
limited to a narrow area (fig. 848). 

From the bonoin of the fla^-shapcd cell the axon arises ; this passes through 
the granular layer, and, becoming m^nllatcd, is continued m a nerve-fibre in the 
subjacent white maUer. Aa it traverjjtes the granule layer it gives off fine coUateials, 
some of which run into the molecukr layer, Thf axons of ih celh of Furkinji 
jw the dtep niiclri of the rereMkm. 

*l'he cefii of sdflo lie at live junction of the molcculnj w ith tile gmnular 
layer. Their axons arc short (fig, 847) and ox\d by forming synapses with ihc 
short dendrites of the granular cells. Their dendrites pass into the molecular layer 
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and form axmlcndritic synap^c^ with the axona of the granular «illa. These cells 
therefore pit>vidc a mechanism fnr the restimulatioii of the giamihir cells and so of 
the cells of Puricinje. 

Tlie nen-'c-fibres of the molecular layer are derived from several sources- (a) 
The axons of the cells in the granular layer pass Lnio the molecular la^rr where they 
divide ai right angles^ the individual branches passing right and left m the long axis 
of the folium* M these branches traverse tlie folium they come into contact with 
dendrites of m Ixi^c number of Purkinje cells, and they are described m fnming 
Cfueiate axodettdFi'iic synupfUr tonnexions^ (i) Fibres enict the molecular layer from 
the white matter of the cerebellum. They come into intimaie relation with the 


Fic. S4S.^SchccnBEii: reprmntAllon of the iticiacoTticid conneKidiiA of the 
ccrebf Itdr projeedon fibres. 
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Of Pufkitges cells, brMiw up bto end fikments which td\Um the 
dendntea in their ar(x.nMiioM (tig. S4Si}, 'l-he,. are lermcd ‘ climbing fibres \ and 
^.r precLsc cngin iS «ill m doubt j although Cajal regarded them ® the afferent 
fib^ from the vea^bubr (m the pd^rehellum) and pontine nuclei (in the neo- 
cemhellum), the view ^re genera |y ai^tcd at the present time is that thev 
reprMeni a^««tK.n fihr^ 0 « the otl^ hand their mode of termination in 
connexion with the dendni^ of individual Puthinje cells is suggestive of a ■ point 
to point relstmiuhip- and the olivary complex has b«n shown to exhibit this 
rofaiionship to the cerobellar i^rtp (^. 957 ). (f) The dendrites and the collaterals 
of the Hons of the cells of Purkinie. (<f) m dendrites and fibres of tlie nerved 
which he wuhm the molecular layer. In addition to these there are other fibres 
whi^ have a vertical dilution and are the process® of large neuroglia cells situated 
m the gronular Uvcr. Hicy pass outwards to the periphery of the mw mutter, 
they expand into little conical enlargements, which form a son of limiting 
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membrane beneath the pia matcr^ anaLdgou& to the membrana, limitaruf iiiteima 0/ 
the retina. 

The gramilof fay^ {fig, S47) contaLrut rnimemtis small nert'e-cclls tOF^ether with 
many net^T-fibres. The gritfriil€ir CitUiy ^hich are ihs moat abundant of the element* 
of the cerebellar cortex, arc snrtall and round, with relatively large nucleip Each cell 
U provided with four or five dendrites, which mdbtc out from it and end close to the 
cell body in fine terminal tufts* The axons of the gtanubr cdla have already been 
describe in the molecular Layer* 

Many fibres enter the granular kyer from the white subatance of ihe cerebellum. 
Some merdy pass through li on ihdr way to the tnolccular layer (climbing fibres), 
but otliersend in the granular layer by dividing into numerous branches, on which 
peculiar moss-ltke appendages can be seen. They are termed moss fibres, and they 
end by forming synaptic connexions with the dendrites of the gmnukr layer* Like 
the climbing finres (p, 980), their precise origin is still in doubt. According to Caja! 
they are derived from the inferior ccrebcfiar peduncle and especially from the 
spinocerebellar and olivocerebellar tracts. On the other hand there is considerable 


Fic. ^49,—A curved action thnougli the r^hT ccrebcllsr hcrtiisphcrti irid 
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support for the belief that they represent the temunaJs of tlie principal nffcient 
pathw^ay* lo the cercbelliimi namely, the vestibular, spinooereiKlkr and pond- 
cerebcliar fibres,* 

Apart from the homogeneity of the cortex, the most striking feature of the minute 
anatomy of the cerebellum is the provision w hich ia made for the multiple discharge 
of the impulses transmitted by the basket cetb and the grantjbr cells and the cells of 
Golgi into a large number of Puridnjc cells. As each * moss " fibre diachargefi into 
several granular cells, the number of Purkinje cells which can be stimulated by one 
' moss * fibre is considerably magnified^ It w’ill be rctnenibercd that the Purkinjc 
cells constitute the first neurones on the efferent pathway from the cerebellum, and 
thk ajTaugemciit therefore provides a mcchaniam whereby an afferent impiilae is 
able to bring about a w idely distributed response, 

(2) The mdependent centres of grey matter arc embedded in the white 
matter of the cerebellum and arc four In number on each aide : one is of large sise, 
and ia knotvn as the nucleus dentatus I the other three, much smaller^ are situated 
near the middle of the ccrebcUump and arc known as the nucleus ernboliformli, 
nucleus globnsus^ and nucleus fastigiL These nuclei receive the axons of the cells of 
Purkinjc, and they therefore conatitutc cclUatatlona on the efferent pntluvap from 
the cerebellar cortex. It should be noted* hoivcver« that the flocculus and, probably, 
the nodute send efferent fibres direct to the vestibular nuclei* 

• P. 5. Snider^ J. Cvmp. iVoirr, 64, 1936. 
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The riiulfus dentatus (fig- 849) is situetcd a little to the medkl side of the centre 
of the white matter of the hemiephert. It comista of an irreguLrJy folded grey 
lamina, containing a while centre and praenting, on its antercaniedial aspect, an 
opening, termed the hilua, from which most of the fibr« of the superior cerebellar 
peduncle etncrgc (p. 97S)- It is chiefly associated with the neoccrebellum (p. 97*)^ 

The mdw fmtwtijformU lies close to the medial side of the nucleus dentatus, 
and paftly covering its bilus^ ll^e malrus giohosuf^ an elongated mass, lies on the 
medial side of the nucleus emboliformis, and is directed antcroposteriorly^ They 
art associated especially wiih those areas of the cerebellar cortex which receive 
afferent fibres from both the spinoixrtbtllar and the cerebro-ponti-cerebellar path¬ 
ways, In lower mammals these two nuclei form one mass termed Lhc nuei^iu 
ittirrptwlus. 1'hc nu^km /a^tigu, somewhat larger than the other two, k situated 
c3<3fle to the median plane in the anterior part of the superior vermis. It is pbylo- 
genetically the oldest of the cerebellar nuclei and is as:^ 4 atcd with the whole extent 
of the vermis. In addition lo fibre* from the cerebellar cortex it receives direct 
vestibular fibres and fibres from the vestibular nuclei. The axons of its cells give 
rise to the fasdgiobulhar tract* All these nuclei He ii\ the upper wall of the lateral 
dorsal recesa of the fourth ventricle (p. 984) and are separated from its cavity by a 
Utin layer of w^hite rmittcn 


T|I£ FU2<CTI0NAI. SrCNlFICANCE OF THE CKKJiISELL™ 

The cerebellum differs from the portions of the central nervous syatetn which 
hsve been ocamined hitherto In tihowing no sign of segmentation at any Btage of its 
development. It is eodroly a auprasegmentaJ structure, which presumably took 
over functions previously carried out in the Individu^ segments of the spinal 
mediills. 

Ita outstanding feature, and one that differentiates It from all other parts of the 
central nervous sjaiiem, is the homogeneity of the structure of its cortex, fn the 
ccrebiral cortex it lias been possible to map out a number of areas which show dilTet- 
cntcs in structure (p, 1039)1 been denionstratcd in many instances that 

dilfercnces in structure arc associated with difTcrences in function. .4ccordingly 
there ts good ground for supposing that the influence which the cerebellum exerts 
on the motor apparatus can be referred to one fiincdon only. 

The function of tbe cerebellum; is the uldmate reJinemeni of co-ordination^ and 
ihe result of its disorder Is ataxia. Experimental evidence shows that alt the 
fundamental reflexes of poslure (standing reflexes, righting reflexes), the reciprocal 
innervation of antagonists, and the elementary combination of sj-nerglsts, can still 
occur without the cerebellum* The fundamental disorder duc tg damage to the 
cerebellum qr its connexions k irregularity in muscular contraction arising from the 
lack of appropriate integration of movement and posture. In addition^ overshooting 
of the objci^tive tn limb movements, rhythmical tremor which develop* aa move 
ment proceeds {action* or lotcntion-tremor), irregular halting in any alternating 
movement fdysdiadochokiiirak), inicmjprion of the How of syllabi^ in speech 
(ccrcbclJar dv'sarthria), tremor of the head and trunk (tkubation), and deviation or 
staggering in gait are aJJ signs of cerebellar legions. In rapidly progressive disorder 
the afl^ected limb* arc more !oo«ly hdd tlian normally (h^poEoniji)^ and kefc of tone 
in the ocular muscles icsulia in drifting of the eye* from the direction of the lixation 
point towards the position of rest with rhythmical correction of thk failure of fixa^ 
tion (nystagmus). No appreciable diange in any form of sensHtion is found. 

The manner in whidi the ccrebelliim exerts appropriate control o%trr tbe aiupLi- 
tu dc and t imi og of mo^^ment has ye t to be ascertained. Hypotonia k not an esaenual 
part of ccrcbclkr ataxia, and nystagmus, though commonly associated with cxpiuid- 
ing ctrebeKar lesions (abscess, tumour)p is frequently absent in degenerative disease 
ur after ablation. 

Damage (o the cortex of a ccrcbelkr hemisphere induces ataxia in all movements 
of the limbs of the mme ride 0/ tftf ^y\ The disorder rapidly subsides owing to the 
great powem of cornpemation of the remaining cortex, but even in the acute stages 
it can be appreciably lessened by the concentrated effort of the patient. Conversely, 
the ataxia inercojes when the attention of the patient is dlvcned or hk power of 
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cuncentnation diminished^ c.g. by alcohol. Only when both aides are darnaged will 
ataxia heeome prominent In movements served by bilaieral Thi^ lesions 

of the cerebellar vermis are associated with a greater degree of ataxia of station, gait 
and speoch than of movement of individijat limbs. Localisation of funedon in the 
cerebellar cortex is therefote not comparable to that in the cercbnil cortex. Destruc¬ 
tion of the dentate nucleus or supenor peduncle has the same clfect as damage to the 
correaponding bemiephert, but is of greater intensity and pcnnancncc, as might be 
expected from the absence of any alremaiive pathway. 

Damage to the middle peduncicp or to the pons, also leads to cerebellar ataxia 
with preponderance of action tremor and nystagmus. The inferior peduncle is 
especially affected by tliromboaia of llie posterior inferior ccrcbelLir artery^ and a 
transient ataxia and hypotonia of the ip^Ilateral limbs results, together ivith in¬ 
volvement of the nudei cf the 5th, gtli and loth emniaJ ticn-ts and the spino 
thalamic tracts {pp* 769 and 95S). 

It has been shown that the accessory olivary^ nuclei arc assodaced with the vermis, 
w hile the larger part of the olivary nucleus is associated with the hemisphere, not in 
a general way but in a very“ particular manner, definite portions of the nudcus being 
associated with quite circumscribed areas of the cerebellar cortex of the opposite 
side (p. 957). 

This relationahip is seen not only in experimental degenerations but also in a 
rare type of disorder in w'hich the neocerebellar system either fails to develop 
(cerebellar agenesis) or degencratesi in middle age (olivo-ponti-cerebclUr atrophy , 
often termed ncocerebejlar atrophy)^ Degeneration of the olivary nucleus occurs 
also following damage to the central tegmental fasciculus (p. 956), and is then 
associated with dyFarthria and rhjthmtcaJ tremor of the soft palate itnd larynx. It 
has been suggested therefore that the olivary nucleus may be particularly concerned 
with the cerebellar cQ^ordination of palato-pliaryngeal and larymgtal mecbaniaitis. 

FunettonaJ localisatjoru—^^Studies in animals such as cat and monkey, have 
shtwn that the cerchcllar cortex receives impulses from a w ide nmge of rcceptorii in 
all parts of the iKKiy. Tactile impulses from the skin, proprioceptive impulses from 
muscles and joinid, knpulses froin the viscera as well as visual and acnui^tic impulses 
have all been showm 10 cause cortical activities which may be recorded as brief 
clcetricaJ chttJiges from the surface of the exposed organ.* Impulses from the tail 
arc rcccivcti in the lingula, from the lower limb in the lobulus centralis and itaala^, 
from the Upper limb in the tulmen and quadrangular lobule and from the face In an 
area behind the fissura prima. Optic and acoustic impulses are projected 10 cite 
vemtis caudal to rhe primary hssurc. These areas have reciprocal c-ntinexiwns with 
the corresponding ccrebnil areas^ with efferent pathways ihrough the superior 
eerebclLir {TcduDclcs and thalamus to the cortex and afferent pathwa\^ tbmugh the 
conico-ponto-ccrebellar system fmm the cerebral conex. By these dreuits dose 
liit^^T^tion of cerebral and cerebellar activity can be maintained. If the circuit is 
broken or disturbed cerebral cortical eontml of voluntary movcnicms resulra. llie 
inflticnoe of the cerebellum on the cercbnil sensory areas hits not yet been elucidated. 

Stimulation of the exposed oerebrlkr cortex in animals shows that the anterior 
parts nf the cercbellLini can Infiuencc limb movements. This may occur os a result 
of either fqclhtaiiQn nr inhibition of a movement which has been evoked as a spinal 
reflex or by atiniulatfon of the cerebral cortex,-f Whether an jncrcast or decrease of 
movement occurs depends upon the characteristic of the stimulus (Le., its strength, 
duration and frequency). These actions can be related to pathways ^uch as die 
cercbelkj-rubro-spinal nr ccrebel|o-rcticulo-&ppnal through which the cerebellum 
can influence the motor rictirones. j\lthough the areas influencing movements 
agree roughly with the corresponding areas of afferent repreBentation described 
above, present evidence is too contradictory to allow a precise localisation. + Ahla- 
tioiLS give only crude ]i>ca]isalion of control because the producimn of delectable 
dysfunciion requires the destmciion of much cercbelJar substancx\ 

Clinical and cxperimemal lesions relate cerebellar control to the movements of 
the homolateral fimbs. In antmak a hi lateral afferent and efferent representation 
with confiiderabJe overlap of tlie parts represented is found in the paTamedLan or 
grJcUc lobules, equivalent area m man is probably the ptjstenor part of the 

* E. D. Adriim, 66, i 04 j- 1 ^- bnsdrt. Arirh. JVnrrd/. PiyMat., 64, 1^513. 

t G. Marrujuk in Phytioiogy^ IEIitirai 9 (. 1930. 

* J. Jiiiu«n itnd A, Diodil, ffn:- nt. 
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inferior Bemilundr lobule to tht- prepvnnnidal fbsurc but thi^ haa not yci 

betrn explored. 

'Fhe exclusively vestibular connexions of the posterior lobe soj^e^ts that iht 
tlocculna and the tnalule are mainly concerned isidi cqnilthrariun of the trunk and 
bead I this has been coulirnied to a large extetn by experimental and ciinicaJ 
observations. The cells which form the cerebellum in the cmbr\^o migrate from the 
rlionibic lip and cspcciatly from the region uf the vestibular nnclen This intimate 
relationship with the cquilibmtojy centres docs not necessarily mean more than that 
the adjustments evoked in equiJjbratory reflexes are fiindamcntatly of the »ame type 
as those required in the co-ordination of other movementi. 

It should he rmphasbed that only the superior surface of the cerehclluni is 
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readily accessible for experimental mvcsiff^tion and that m uch of the inferior surface 
which constitutes most of the middle lol^ hm yet to be investigated. 

Tiie Fouirrn VENTitiCbe (figs, *50^53) 

The fourth ventricle la a somew^hilt hr/cngc-shaped space situated in fr<snl of 
the tierebellum, and behind the pona and upper half of the medulla oblongata. 
Dcvclopmentaily considered, it consists {>r three parts : a luprri^ belonging to the 
isthmus rhombencephaJi^ an infermediaie^ to the metencephalon, and m to 

the myelcnccphalom It is lined with ciliated cpithchun>p and its inferior angle is 
continuous wiih the central canal of the medulla vhlongata; its superior angle is 
continuous with the cerebral aqueduct, w'hicli opens above into the cavity qf the 
third ventricle. From its middle part s narrow^ curved pt>uch, named the inttraf 
rrcfss, is pmbtigcd on cadi side between tlie inferior cerebellar peduncle and the 
peduncle of the floccuIuSp and reaches as far the medial part of the fiocculus itself 
"!'hc recess ts crossed anteriorly by the fila of the gloasopharyngeal and vagus nqn cs 
and iis lateral extremity is open, allowing a portion df the chorioid plexus of the 
fourth V'cntricle to protrude inio ihc subarachnoid space (fig, 824), In the medmn 
plane the cavity extends dojn^lly into the white core of the ccfcbellutn, forming a 
wfdiiin <hrsiit rtceis (dg. 850) a^vc the nodule^ and on each side a dvrsai 

rrccfj extends backwards still further {% 89S), lying above the posterior medullary 
velum and below the ccrcbelkr nuclei, from which it is sepamted by a thin laver of 
white matter^ 
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The fourtli vcntriclr possesses lateral boundaries, a ruof or dorsal wall, and a 
float or fossa rhomboidsi. 

Lateral boundaries,—The bwer part of each lateral boun dan^ h constituted by 
the gracilc tubercle, the fasciculus cuneatuSt Jnid the mfciior oerebellar peduncle i 
the upper part, by the superior cerebellar peduncle. 

The roof or ^rsal wall (fig. 851)*—The upper portion of the roof is simple, 
Ltncl is formed bv the superior cerebellar peduncles and die anterior medullary 
velum. The cer^^Uar ptdundes (p. 975). on emerging from the central 


Fie. S5l.^The root and the tflTcrll rccwe:^ of the fourth ventricle, 
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white matter of the cerebellum, pass upwards and fonvards, forming at first the 
latend boundaries of the upper part of the ventricle \ on approaching the inferior 
colliculi, they converge, and their mcduil portions overlap the ventricle and fonn 
part of its nxif, I'he miirniiT meduUury vdum (p. 973) fills the angular inlen'fll 
between the superior cerebellar peduncles, and is continuous behind with the 
central white matter of the cerebellum; it is covered on its dorsal surface by the 
lingula of the stiperior vemits (fig. 851), 

'Fhc /tfleer p4iit of the roof is more eompKcatcd. Over mc^t of its c?ttent tt 
consists of an exceedingly thin sheet, entudy devoid of nen'ous tissue and formed 
by the ventricular ependyma and the pia mater of the tela chorioidca of the fourth 
ventricle which covers it posteriorly {fig, S52)* Below'^ the continuity of the sheet 
ia broken by a gap, termed the mfdian apprfure (p. 986}* through which the cavity- of 
the vcmriclc communicates fredy vrith the sub^chnoid space. The tda thvrj&ulm 
(t/ihr fourrii ventnde ifi a double layer of pia irater which is carried upwards m the 
tnterv'al between the cerebellum and the brain-stem. Its posterior layer provides a 
covering of pia mater for the inferior ^'eruiis a fid, after reaching the nodule^ h 
reflected forwards and downwards in immediate contact with the ^endyma, 
Betw'cen the tw'o tayers of pia mater lie the vvsscls connected w ith the chox'Kiid plexus 
of the fourth ventricle. On each side, the layers of the tela chorioidEi readi the 
inferolateral borders of the ventricular floor, which is marked by a narrow, while 
ridge, termed the trttffta, and the two tienta; are continuous beW with a small, 
curved fold, termed which covers the inferior angle of the ventricle and is 

lined with ependyma both in front and behind (fig, 852)- 

In addition, the ependyma-covered floors of the median and lateral dorsal 
recesses (P-9S4) should, logically, be included as forming part of the morphological 
roof of the ventricle. 

The opemnga in the roof,— In the toof of the fourth ventricle thexe are three 
openings, a median and c^vo lateral. The jn^dian ap^ture is a large opening, situated 
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below the nE>du]e (fig, 851); it varice considcinably b Sea c^tcdt and Its irregular 
upper border is drawn bad;wards tou'ards the inferior vermis in a somewhat funnel- 
shaped manner (fig» 853)^ ’fhe tiiifrai ap^iures arc placed at the ends of the latenLl 
recesses and they are panly occupied by portiona of the efiorioid plexuSp which pro¬ 
trude Into the subarachnoid space (fig. 834). 'I'hnough these openings ihe ventri¬ 
cular cavicy communicated with the subarachnoid and the ccrebrospinaJ fluid 
am circulate frnm the one cavit}- to the other. OccusionaiJy one of the lateral recesses 
may fail to open into the subsi^inoid spacc^ hut the median aperture is constantly 
present. 

The chorioid plexuses.—T%vo highly vascular fringe-like processes of the tela 
chorioidcfl contain the chorioid plexuses of the fourth ventricle; they bvaginate the 
tower part of the roof of die ventficle and ane everywhere covered by the epithelial 
lining of the cavity, which is modified to form a true secretory cpitheliuitL* Each 

Fio. E51-—An enlsr^eniciit of due part af fi®. Sjg, which n enclosed by an inter* 

lupted btuck line. 
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consists of t vertical and a hnriseontal portion : the former lies close to the median 
pLmc, and the latter projects into the fourth ventricle, passes into the lateral rcccssi 
and emerges through the lateral aperture still covered by ependvinfl. The vertical 
parts of the plexuses are distinct from each othetp but the horizontal portions are 
joined in the median plane ; and hence the entire structure presents the form of the 
letter T, the vertical limb of whichj howe^’er* h double. Numerous small tufta of 
the plexus are a^odated with the drawn-back upper wall of the median aperture and 
project into the subarachnoid space (fig. 852}^ liat the tufts which protrude foom the 
foramina of the lateral recesses. 

The fossa rhomboidea (Soor of the fourth ventricle) (fig« _The 

anterior wall or floor of the fourth ventiicle is rhomhoidal in shapic ; it is formed by 
the posterior aurfacca of the potu and open part of the mcdulb ohlongata. It b 
covert:d by a layer of grey mutter continuous with that furrounding the central 
canal of the mi^uLla oblongata and spinal medulla i ffuperficiaL to this there is a 
chin lamina of neuroglia covered with a la^xt of ciliated epithelium, which consti- 

* W, E. Le Gm Clark, Tumif tfu-Bikly, Chfemlun Prrsi, Oxford^ t*^su 
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tutia th<s eprndymti of the ventride. Tile flcwr^r constats of three parta^ HuperiDr, 
inttrimcdiate and inferior. The suprrwr part [a triangular in shape and liiiiiicti 
laterally by ihe superior cencbdlar peduncles; its apess* directed up^viardg, is 
continuous with the cerabral aqueduct; its base is represcnied by an imaginary 
line at the level of the upper ends of two amall depressions, named the superior 
fovea?. The i/prfrjwrdjfl/e port extends from this level to that of the boristontal 
port bns of the tnrncB of the ventricle and is prolonged into the Jaicra I rcccssea. The 
xn/mW part is trkcigular, and its downwardly directed aprx is continuous w ith ihe 
wall of the centra! canal of the closed part of the medulla oblongata. 

The fossa rhomboideo is divided into sv'minetrical bdves by a mtdlan saUmf 
which reaches from its upper to its lower ^le and is deeper below thnn above. On 
each aide of this sulcus there is an elevation* termed ibc mtdini emintfucr, bounded 
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laterally by a sulcus which represents the titlcus iimit&mu In the superior part of the 
floor the medial einincnce has a width equal to that of the corresponding half of the 
fliK>rf but opposite the superior fovea it forms an elongated swxUingi nanied the 
/aa^t which overlie* the nucleus of the abducent ner\'e, and Is in part 

produced by the ascending portion of the root of the facial nerve. In the inferior 
part of the Hour the medial eminence assumes the form of a triangular area, tcrrned 
the hypffghtSfii triiingh or ingufjum hyp^hsri. When examined under w^tcr with & 
lens the hypoglossal triangle is seen to consist of a medial and a lateral area separated 
by a series of oblique furrows ; the medial arva corresponds with the upper part of 
tlie nucleus of the hypogloss^ nerve, the lateral with a small nuclensj tcmied 
the jfud^ 

The tuioit iimifans fomis the lateral boundary" of the medial emmence. ^ Its 
superior part corresponds with the lateral limit of the Boor and presents a bluish- 
grey area, named the ioan which ow-ca its colour to a patch of deeply pig- 

merited nerve^.clls termed the suhsfantta .^t the level of the facial 

colliadus the sulcus Umitana widens into a Battened depn^ion, termed the mperior 
fawitf and in the inferior part of the floor appoois as a distinct dimple term^ the 
inferior fovea* Lateral to the fove^ there is a rounded elevation named the vesiiifiitar 
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itrra^ which extends into the lutcnil neem where it foona the auditory tubrrfle 
( p. ^64), \\\hditig round t he inferior cerebel br ped uncle an d cmssbig the veati hular 
area and the medial eminence 10 pass deepSv at the median sulcus are n number of 
white strands termed the stFtW mtdulfam (audUury strix^ sec p. 964)- Below the 
inferior fovea, and between the hypoglossal triangle and the lower pan of the veatL- 
bular area^ a triangular dark field, nanicd the vaj^af triatigh or trigonum vagi overlies 
the dorsal nucleus of the vagus nerve (p. 953)' lower part of the vagal triangle 
b crossed by a nairow translucent ridge^ often named the fumeutuj and 

between ihLa funiculus and thegraeik tubercle is a small tongue-shaped area, which 
b pfien termed the orf^i po^trma. On section it is seen that the funiculus isepanms is 
fanned by a strip pf thickened ependyma, and the area postreioa by loose, highly 
%^ascular^ neuroglial tissue containing nerve-cells of moderate sizc^ 


THE MESENCEPHALON OR MIXLBR.\IN 

Hu: mesencephalon or mid-brain is derived from the intermediate of the 
three primar}' cerebral v^estcles. In the course of its development in man and in 
its phylogenetic hiBioiy It retains a much simpler form than citiier the fore-hntin 
or the hind-braiii.. In Inw^cr vcrtcbrjites the leading feature ot the mid-^b-rsiin is 
the development m its roof-plate, or iectum, of the hi^er visual (p, 9^7)^ apd, bter, 
the higher auditoiy centres. In the mammalia, however, these centres shift for¬ 
wards to the neopallium, and the importance of the tectum in this respect is corres¬ 
pondingly diminished. ^ 

The sulcus hmitans develops as in the hind-hrain and the spinal tneduib differ¬ 
entiating the basal and the alar bmln». Representatives of the somatic efferent 
column are present m the form of the nuclei of the third and fourth enmid nerves. 
In these respects, therefore, the mid-brain shows indications of a primitive mcia- 
merism and rambles the medulla oblongaia and the tegmental fHjrtion of the pons. 

ith die development of the ncopaUium of the ccrehmm the mid-brain becomes 
invaded by great tracts of fibres of cortical origin. Some of these form the great new 
motor-pa^tvay rrom the corlac, w hilc others art destined to be relayed in the nudei 
pontifl ond constitute ccrcbm-cercbellar connexions (p, 9*3). I’hcsc fibre tracia 
gmup themselves on the ventral aspect of the mid-brain on ^h side of the median 
plane where they form the base of the cerebrd peduncle. 

PostlEon and surface form.—The mid-brain passes upwards and forwards 
^rough the gap m the tentorium ccrebdJi and eonnects the pons and cerebel! ura 
frhombencephalon) with ilic thalamic, mctaihslamic and subthalamic regions 
(dtenceph^on) and the cerebral hemispheres (telencephalon^ It isi the slsoncsi 
segment ot the 3 >rjiii-stefli. being noi moa' than a ™ Jn length. On e^ich side It is 
related to the parahippoounpal gj rus. which hides its kicral aspect from view when 
the inFcnor, or basah aspect of ihc bniin is examinedi 

The mid-brain cdTiaiati of ^^Hiraf and porftem, separated from one another 
in Its intenor by the cerebral aqueduct, which repreaents the tumen of the priniitive 
neural tul)e. 1 he veniral portion consists of the two certir&f peJuiifln which are 
lepamed from each other in front by a deep notch faut are «jiitinunu.s with each 
Other hthmd, acmss the mcxlioii plane. 

The dotsal portion, nr Icctum, comprises the tvUioiK, which consist of four 
rounded elevations synimemcally arranged in superior and inferior pairs 

ITie cerebral peduncles cmerBc fi«ni the cerebral hemispheres, otic on each 
side of the median plane, and convcj^ as they descend to diaappear into ihc unner 
surface of pons, tun- iiig remnd each peduncle, close in the upper surface of the 
pons, a ihui white band, named the tri'inVi pontis. is freuiientlv seen ■ it il,« 

ccrabellum between the middle and the supenor «reholL^cduicl^ ^ 
depres^d area between the diverging uerabral peduncles forms the tHMterior nart 
of ihe tnlerpti/iiAniftfr/asbj (p. 1019), and consists of a layer nf crirvi^eubstaficc 
icrm^d postrrtar prr/nrat^d (-p. iqio )+ ' 

The ven^l surfaa of each peduncle is cn^ed anteriorly, from the mcdLil to 
tile laterd side, by the superior cerebellar and posterior cerebral arteries while 
cIo^K to the poult of Uisappcarjncfj of the peduncle into the cerebral hembobWe the 
optic imer wimlB backwarda around k. llic medial surface of ihe peduncle is 
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marked by a longicadiD^il furrow, Icrmed the mtJmf sntcus, fram which the tdois of 
the oculomotor nerve emerge {fig. 855). In its upper part it forniB the Htcral 
boundpry of the interpeduncular fossa* The lateral surface of the peduncle, is in 
reJption with ihe par4ihipp(H:anipal g>Tua of the cerebrul hemisphere nnd h cro^d 
from behind forwards by the trxichlear nm'c {hg. 859). I'hin surface is marked by a 
longitudinal furroWp irmcd the kifrat ■ the fibres of ihc lateral lemniscus 
come to the surface tn this sulcus, and pass backwards and upwards. Some of 
them disappear under the inftriof colliculus; the rcmaintler enter the inferior 
bracliium* 

'fhe colliculi (corpora quadrigentma) (%. 8^9) arc lour rounded emineneed 
which form the dor^l part of the mL'scnccphaJon. fhey are situated above and in 
front of the anterior medullar)^ velum, and hclo\^ and behind the third ventricle and 
postcnnr coninibsure4 They lie bebw the splenium of the corpus atlli>:iium, and 
arc partly overlapped on each side by the pulvinar of the thalainiis. TItc colliculi 
are arranged in pairs (superior and infenOf), and arc Separated from one another by 
a emciform sulcus. The longitudinal part of this sulojs expands superiorty to (onn 
a slight depre^on in which the htniy (fig. 859) lira. J-rpm the inferior end of 
the JungLtudtnal sulcus a white ridge, termed ihe/reiru/Hin cr/i", is pioLonged dovvn- 
wards to the antcriE>r medullary- velum ; at die sides of tliii^ ridge the trochlear nerves 
cmeigc^ and pass forwurds on the lateral aspects of the cerebral peduncles to rejch 
the base of die briinn l"hc iuptrior coNiivit arc larger and darker in colour than the 
inferior, and constitute centres for visua] redexes (p. 1018). IMic hif^rioF roUietiii, 
though smaller* are somewhat more prominent than tht superior and arc associated 
with the auditory pathway (p, 995)+ 

From the lateral aspect of each colliculus a white band„ termed the ^r^rr/iiuin* is 
prolonged upwards and forwards. The suprrht brachiwm extends laterally from the 
superior colhculus and* passing between the piilvidar and medial geniculate body» is 
pardy continued into an eminence called the lateral geniculate body, and partly into 
the optic tract. IL conducts visual fibres fruni the retina and from the optic radiation 
to the superior colliculus. I'hc iaftrior braddum passes forwards and upwards from 
the inferior colliculus; it conveys hbres from the bieral lemniscus and also from 
die inferior colliculus to the medial geniculate body. 

Intemal structure of the tnid-braim—The cerebral peduncles (figs. 854* 
855).—On iransverst section, each pedunck Is seen to coitsist of a dorsal and 3 ven¬ 
tral part, separated by a deeply pigmented lamina of grty n^attcr, termed the 
suh^iantia nigra, dorsal part is named the ; the ventral, the base^ 

The basal parts of the pcdEindes are separated front each other, but the tegmenta 
are continuous widi one another across the median raphe. Laterally, the tegmenta 
are free ; dufsally, they blend with the colliculi. 

The base is semilunar on transverse section, and consists aJmoat entirely of 
longitudinal bundles uf efferent fibres which arise from the cells of the cerebral 
cortex and arc grouped into two principal sets* vix. corticoaptnal which are accom¬ 
panied by Corticonuclear, and corticopontine, (fig. 854). and forties 

Fibres are derived from the cells of the motor area of the cerebral cortex* and 
and occupy the middle thrcc-fifihs of the base ; they descend through the pons and 
mcdullo oblongata, where the corticonuclear fibres end in the nuclei of the motor 
cnmiiil nerves of the opposite side* but the corticospinal fibres are continued into the 
the pyramid of the medulla oblongata. The cortiropontiltc fibres arise in the cere¬ 
bral cortex and terminate in the nuclei ptintisH where they arc relayed to the opposite 
cerebellar hemisphere. They arc subdivided into two main groups : (u) frantt^ 
fivntinr and (b) tcmpiirtjpimtifte. {«) The frontopontine fibres arise ih the fronial lobe, 
traveise the anterior limh of the iitlcrnal capsule, and occupy tht; medial one-fifth 
of 1 he base of the ee rebnil pcdunc te. (A) The lempomponli ne fib tea arwe in the icm - 
porat lobe, traverse the posterfor limb of the intcnial capsule and occupy the lateral 
tme-fifth of the base of the cerebral peduncle ; tiiey cno in the nuclei of the pons.* 

* A baml of fibrea, fiBuicd the iracitti pFt/ftai'uiarii trarutffFiMf h Sometime* lecn rllieri^nn 
from die optic tract on the IntcniJ aspect of tht crrebral p^dimcSe x h puAn Tdimd ihr ventra] 
outface of the peduncle abour midmy between the poiu and the optic trlCl, and diMppenji 
by cntErioR the inictpedunculnr fowm behind and Lateral to the corpua mamilUre, where it 
terminates in a small nutieua. 'Hiif band is A coniiant ttmeture in many mimiinab, but it only 
present in about thiitv per ceni. of bunian bniiiui. Since it unde raoc* atrophy after cnucleatieii 
of the eyebalU, it rniy be conaidered oa Ixanff ■uodaied with the visual pathway. 
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and occipifffpotttim fibres accornpany ihc temporopontine ribres through 
the base of the ccrebraj peduncle,* 

'l^he substantia nigra is a lamina of grey matter containing numemuSp 
deeply pigmented, fTmlUpolar oervT-cclIs and extending llirooghaut the whole 
tength of the mid-brain. Owing to its pigmentation it can readily be recognised 
with the naked eye on tnmsversc or coronal sections (hg+ S60) of this part 
of the brain-stem, k is Gcmllunar on transverse section, it& concavity being 
directed towards the tegmentum | from its convex surface^ processes extend 
between the fibres of the bast of the peduncle^ Thicker medially than later- 
ally, it reaches from the medial to the lateral sulcus^ and extends from the upper 
surface of the pons to the subthalamic region ; Its medial part is traversed by the 
fibres of the oculomotor nerve as they stream forwards to reach the oculomotor 


Fio, S54.—TronHiverGc scctkni ihmugh the mid^broin at the Ir^vl of the Inferior 
CDlliculLUi. VVdj^rt FjiJ preparmtion ^ 
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sulcus. The fibnj connexions and the functions of the substantia nigra are still 
obscure. Its structure includes both large and small nerv^e-cellSp ond it is be¬ 
lieved to form a part of the eximpyramidiil system (p* 1076). Nume rouB connexions 
have been desenbed, including affermt fibres from the motor and premotor areas of 
the cortex, the caudate nucleus^f the globus pallidus and the red nucleus. Fffrrtftt 
fibm enter the icgmcnlum but their ultimuie destination^ though probably the 
motor cells of the anieKor grey oalumn of the spinal medullot hag not been cVlab- 
tished. Stimulation of the substantia nigni causes increased extensor tonus. 
In addition, ctferefit fibres to the globus pallidua and to the thalamus have been 
described X The gubstantia nigra is relatively sinal] in lower mammals^ and con¬ 
tains no pigmenth 


• J. Wr l^pcz Jind R. W. Rimdlc:^, NtUroI. Ptyckial.^ 3B, 1937, 

t S. Sunderland, J. Anai^ 74, J940. 

1 P. Gl«f iuid P. D. Wall. Br^jd. 69, 1946. 
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The tegmcDtum of the mid-bniin prcAenta appearances which differ according 
to the level of the section examined. Below, it is directly cominuous with the teg¬ 
mentum of the upper part of the pons and contains the same fibre tracts. 

A. Jn its lowrr part. Le. on a kvel with the inferior fX>IUculi, the grey matter is 
restricted to the immediate environs of the cerebral aqueduct and to the scattered 
collections in the reticular formation [hg. 854)- 

The nackus of the ir&ihicar {fauNh cramai) nerve lies in the ventral part of the 
centraJ grey matter, close to the median plane. It occupies a position homologous 
with that occupied by the abducent and hypoglossal nenxa at lower levels in the 
brain-stem. C loscly related th roughont its extent to the medial longitudinal him die, 
which lies on its ventral aspert, the nucleus extends through the lower half of the 
niid-hrain^ and its upper hinit lies just below the lower limit of the oculomotor 
nucleus. Ita outgotng fibres pass laterally and backw^ards round the central grey 
matter. Inclining downwardSp they decussate with each other immediately below 
the Inferior colliculi and emerge from the dorsal aspect of the anterior medullary 
velum {iig. S5.9). 

The unusual course of the outgoEnfi fibres^ their decussation and their emerRcnee 
on the doisal aspect af the braln-stemp arc very difficult to explain.* The fact that in 
the embryo the trochlear nucleus is at ffist sepamled frorn the i^ulon^otor nucleus by 
a distinct gap and later mignites headw'artl* into the tnid-braiiii until it reaches the 
caudal end of the oculomotor nucleus, indicates tliat the region of the tathitmg rhutn- 
bcncephali is unstable. Fniser has suggMted that the isthmus is partly ^ telescoped " 
into the mid'^braLii, and diat during this process the basal lamina extends laterally over 
the inner surface of the alar lamina, cany'ing the point of ctnerRence of the trochlear 
nerve with it, *rhe same author suggested, on the analoj^y of the ventral ncni’c-roots 
nf die spinal nerv'esj which possess a Urge ipsiUteral and a small contmlateml com¬ 
ponent. that the trochlear ncr\'c possesses a Eiirge contralateral and a smalt ipsilatcral 
componcni. 

The FfWfiu 0/ the Tfiesencepftalk iraei of the irigemtHiit nerve lies In the lateral 
part of the central grey matter. 'Fhis nucleus is composed of a column of pseudo- 
unipolar and multipolar cells it extends from the upper end of the main aensa^’ 
nucleus uf the trigeminal nerve in the pons to the Iced of the superior colliculus in 
tSie midbrain. It is accompanied by a tract composed ot the peripheral and central 
branches of the axons of its cells, U is believed that the peripheral branches convey 
proprioceptive impulses from the n^useles of mastication and it igh also alleged that 
proprioceptive Impulses travel tu tltc mcsenccplialic iiiuclcus from the teeth and 
from the facial and uccular muscles-t 

Apart from these n-vo nuclei the central grey matter at this level contains large 
numbers of scattered nerve-ccIlSp the stgoificance of which is linknown. Irregular 
collections of grev matter occur in the reticular fontlfttionp especially in the region 
immedJatclv above the pons^jfr ahtj p. 91^4)^ These are regarded as relay stations 
on the cxtra-pvramidal pathwayj and their efferent fibres to the reticular 
formation of the pons and medulla oblongata, to the motor nuclei of the cranial 
nerv'ca* to the oLi^'ary nucleus and to the anterior grey column of the spinal medulla. 
The position of these iegmentospinetl fibres in the spinal medulla is not known. 

The white molfer at this level of the mid-brain contains all the tracts which have 
alreadv' been examined in the icgn>entum of the pons, and it is characterised by the 
great decus^tion of the fibres of the superior cerebellar peduncles. 

• In all vtrtebratM the trudile^r utrvet behave in the Mmt pcciiLwir way. Neverth^jw 
it wnuld Hpprar lo be* Cerfuin that in scmlc ttnknOW'n anccslnl] lOtm me troehirar nerves, like 
the oculomolor abducent and h^pOBlossa] nervc§|, emerged from the vCfltriiaEtreE atsped tif 
the brain.Ktcm. It hoji been sU^^eSted that the trothlter nerve oh^vnallv supplied the mu^les 
of ihs flintal «e. wnii this Hould oFfrr nr apisnallofl far the caune ot the fibre# 111 a do™l 

direction . I'he po#ii ionof tl w nerve w tihin the iTiid-bir. I n mtdud to the nuclem of the mMEiT. 

cephlUc tract of the IfijJcmtrril nerve may tKWsibly be JiiMKlited with the history of the nucle,^, 
which ia acnerallv retiiirded M A derivative of the neural crest, «condltnly inciuded m the 
#ul>»tflnM of the bniin-sicin. If, prior to the incJusioTi of the nuck'w, the trochlear tifne 
pinseii domllv ucrosi the aide of the brain-stern to twch the mdwles of the ptnrtl eye, it too 
™uld nc«*Mrtly be included in the ptocesa, 'I he decuswliun of the trochlEBr nerves present* 
s further [lifficuliy, but it tniaht possibly be ascribed to chartEW uffectirH thr dispi^ition of 
the muscies of the priinitive pineal eye. It must be odmittcd, however, tlMt these expLenottons 
aic in che ht(*hcsl: deforce Bpcttilfttivc. 

t K. B. Corbin and F, Hnrristm.T. S^turophy«ol.. 3. Tt^o, F.. P. Stibbe J'. I^nd,, 

6+. 19^5, H.H. WwHftni.J'. Loud,, 65, 1931 nnii Pcnrxon, J, ComJ>. .VetoKi;., 90, 
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The iiiperiar c^tAfihrpfduncig^ which already been deacribed (p. 975)^ entem 
the dorailatcri! part of the tegmentum and fnnvards and medially round the 

central grey matter to reach the median raphe, where it decussates with its fellow of 
the opposite side. Having crossed the tnediwi plane, the fibres divide into ascending 
and descending hmnehes ; some of tite fomer terminate In the red nucletifi, which 
tiiey encapsulate (fig. 865), but numerous others are continued upwards and end in 
the ventral nucleus of the thalamus. 

'fhe frtedial tongjfwdwttl hmfdtif retains its intimate relationship to the somatic 
efferent column, and therefore lies dorsa] to the decussating fibres of the superior 
ccrcbellnr peduncles. 

The medmi itmimms forms a curt-cd band lying dorsal to the lateral part of the 
substantia nigra, laterally the tract is clos^cly rebted to the lateral lemniscus^ which 
is ascending w ith s backwaVd inclinatiDn ic> reach the inferior eolLtcuius. 'rhereaficr 
it continues upw ards, in intimate lektSon with the spina] and trigeminal Icmnisci, 
traverses the subthalamic region and terminates in the caudal part of the ventral 
nucleus of the ihalamus <p. tooz). There the third neurone fibres begin and they 
a&cend through she iniemal capsule (p, 1063) to reach the cortex of the postcentral 
gyrus (p. 1044)- 

The iaftraf kfnriiscus is formed in the tegmentum of the pons by the fibres issuing 
from the corf>us trapctoidcum and by fibres from the nucleus of the lateral lemniscus 
and from the vestibular nucIcL rhe nucleus of the bteral lemniscus is interposed in 
the path of the lateral lemniscus as it ascends through the lateral part of the teg¬ 
mentum (p. rhi; fibres of the lateral lemniscus incline dorsally as they run up 

through the tegmentum of the mid-brain and come to tic on iiH lateral surface 
immedtately behind the lateral sulcus. Passing superficial to the superior cerebellar 
peduticict they reach the inferior colliculus, in which some of them terrainiitc, and 
are relayed in the inferior bnichium to the niiedial g^iculate body, while othurs pass 
direct to the inferior brachium and end in the medial geniculate btidy* .According to 
sejme observers the fibres of the lateral lemniscus divide into inedial and lateral 
branches. The former terminate in the inferior colliculus, but the btter arc con¬ 
tinued into the inferior hrachiunit by which they are conducted to the medial 
geniculate body^ 

The fibres 'of the spiml and irigemina! kmnhci arc Indistinguishable from the 
fibres of the donsitatcral portion of the medial lemniscus, with which they ascend to 
the thalamus. 

B. In Its upp^ pari the tegmentum presents the same g^eral plan, but h is 
strikingly modified by the appearance of a large nucleuSi, w hich extends upwards 
into the Hubthabmic region and is termed the red nucletis^ 

The cenlraigrey iurrounds the aqueduct and contains in ita ventrimedial 

portion the nudeas of the oculomotor nerve, rhis saim^-shaped nucleus is closely 
rebied on its vcntriiaicral aspect to the medial longitudirml bundle^ and infcriorly it 
extends to the upper end of the trochlear nucleus (fig. S54). 

The ducicus of the oculomotor nerv'c is divisible into a number of cell-groups 
which con be currebred with die motor distribution of the nenx. They include the 
Edinger-Westphal nucleus and ore alE described on p. 1096. 

The nwfi'mi of Dorkichewitsch is a large-ccllifd nucleus which lies doraibtcral to the 
upper end of the oculomotor nucleus in the central grey matter. It sends efferem 
fibres into the mediai lorigitudinal bundle und also into the posterior commissure, but 
its functional significiracc is unkno^vn. 

The red □ucleua ia a large, ovoid mass of grey matter tvhich occupies most of the 
medial part of the tegmentum of the upper half of the mid-brain, and cittetids 
upwards into the subthalamic region. Ventrally it is related to the substantia nigra, 
from M‘h]ch it is only separated by some of its surrounding fibres. Lateraily it is 
related to the medial lemniscus: doreally it is separated from the central grey 
mattet by the forraatio reucubris^ here very much rkluccd in area^ and the medial 
longitudinal bundle. On its medial side, the fibres by which it is surrounded^ the 
fasciculus retrofleius (fig* 865) and the outgoing Oculomotor nerk'c separate the 
nucleus from the median raphe and the ventral and dor^ tegmental decusBattons. 
U la not homogeneous in structure^ and the cells of the tipper tivo-ihirds, w-^hich arc 
small in size, b«r no resemblance to the large cells which arc found in its lower third. 

Afferent fibres reach the red mideua from the GUperior cerebellar peduncle, and 
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the globus pjJlidus of the Irntiform nucleus (pallidombral fibres),* the sub- 
tlialamic nueleus, and* possibly, dmet from the cerebral egrtex. ITie origin of the 
conical fibres has been vadoudy ascribed to the frontal, tejopcpral and parietal lobes. 

The ejfmnt fibres from the red nucletis connect it with (i) the antedor column 
of the grey matter of the spinal medulb (rubrospinal tract), (a) the nuclei of the 
reticular formation of the pons and the medulla oblongata (rubroreticular tract), 
(3) the substantia nigra and (4) the thalamus. 

The red nucleus constitutes an important cell-stsdon on the extrapyramidal 
system (p^ loybj and therefore plays a part in the nervous mechanism of movements. 
It is connected to the anterior column of the grey matter of the spinal medulla by the 
rubrospinal tract, hut it h unlikely that this ia the principal pathway involved, for 
although the rubro&pinal tract is a large bundle in many lower mammals, it is 
relatively small in man. h is possible that the nibroreticular tract, which is 
relatively large in man, may transmit impulses from the corpus striatum and ^so* 

Fic. S^g.—TnmaverBe geciion throuRh the mid-brain at ihc level of the supenor 
cqUiculuft. Weigert Pal prepamtiDJi. 
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perhaps, from the cerebellum, through a series of relay stations in the reticular 
formation in the hind-brain to the spinal medulla. 

Fhylogenetically the large-celled part of the red tiiiclcus is older than the small- 
celled part. In lower animals the former forms the greater portion of the nucleus 
but in man it is the latter. The small-cclled portion of the nudeus; becomes de¬ 
veloped and elaborated puripasni with the e^epansion of the cerebellar hemispheres 
and the frontal lobes of the cerebrum, with which, according to Monakovvp the red 
nncleiis ts frt^cly connected. 

The white matter of the tegmentum at this level shows certain local modifica¬ 
tions, chiefly in the region of the median raphc« 

The nihroipina! trarf takes origin at this level from the large cells in the lower 
part of the red nucleus. The fibres at once pass to the median raphe and there 
decussate in its ventral portion with the corresponding fibres of the opposite side, 
forming the ventral irgmentai dreassaitan. 11iey then pass duw nwards in front of the 
decussation of the superior cerebellar peduncles and descend in the formatio 


• VV. und M. Ranicrii i 4 irril. R^c., 79*^ iSuppL, 1^41. 
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reticularis of the pona and [ncdulk oblongata. Finally they enter the spinal 
medulla, lying on ihc vcntrilaitcral sspcct of the lateral coiticospinal tract, and ter¬ 
minate by arborising round the celb in the anterior column of the grey matter. It is 
believed that in man the rubrospinal tract extends only to the thoracic region of the 
spinal medulla. 

I'he Jfctosfiwiit and the tectobulhtir imen also take origin at this level Their 
fibres arise in the grey matter of the superior colliculi and sweep forwards round the 
central grey nutter to decussate with one another in the median raphe ventral to the 
oculomotor nucleus and the medial longitudinal bundle, forming the dorsal teg¬ 
mental decussation. Emerging from this decussation the tectospinal tract descends 
on the ventral aspect of the medial longitudinal bundle as far as the decussadon of 
the media] lemniscus in the medulla oblongatu, 'lliereafter it diverges ventii- 



FtCp 85 ft.”“A diaj^ruii to Vihow the conncxHini of the ml nudeiia. 
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Jaicnilly and tn ihc apinal medtilla it Jic* tn the lateral column In from of the ruhro- 
spina] tracu* Fhc tectobuibor Inict, which mav be divided into a dorsal crossed 
tract, and a vemral, uncrosswl tra«, descends through the reticular formation of the 
mid-brain imd Ihc pons and terminates by sending its fibres into the oculomotor, 
roc car, abducent and accessory nuclei. It wrves as a pathway for rellex move¬ 
ments of Lhe eves m response to vismij $Umu!u 

The medial l^gitudinal ^ndk lies on the vcntrilateral aspect of the oculo¬ 
motor Mclcia. At this level its fibres are more spread out than the^ a« at lower 
levels m the b^n-stem, but the innate relationship m the efferent nuclei U 
retained. I he bundle extends upwards to the inlmtitNd nucieiu—A small callectioti 

• Sm foDtrhDtf * Ofi P, flm3 t on p. 
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of ciflk sitUiitcd in the JateraJ wM of ihc ihlrd ventricle iTTSinediately above the upper 
end of the Ccrcbml aqueduct—whEch contributes fibres tEJ it. As has already been 
secn+ the tiiediitil longitudinal huridJe reiains its position relative to the centra] gtey 
matter throughout the whole extent of the mid-brain, poii'i and the upper pan of the 
medulla oblon^ia. tt is displaced forwards by the successive decussations of the 
mcdbil lemfiisel and the lateral corticospinal tracts, and becomes continuEjus with 
the anterior intersegmcntal fasciculus of the spinal medulla. 

The inttmatc rdatEonshep which it bears successively to the nuclei of the third, 
fourth and isixth cranial nerves^ to the emerging fibres of the aeventli., the 
fibres from the dorsal cochlear nucleus in the fliw of the fourth ventricle anil the 
nucleus of the twelfth nerve rendeni it a very' convenient pathw-ay for the passage of 
fibres from one nucleus to anotlier iii die brain-stein, ^rhe harmonious co-nperation 
obviously existing betw een die facisil nerves and the hypcsglcMisal nerves in the move¬ 
ments of the lips and tongue in speech is frcquenity attributed to connexions 
between their nuclei ctmyeytd by the medial longitudinal bundle. It b, however, 
very' doubilul w’hcthcr it is the medial longitudinal bundle which provides ibc path¬ 
way for these connexions- Edingern Winkler and others have shown that the most 
substantial contributions to the bundle arc made by the vestibular nuclei^ and ihcir 
work strongly su^esis that its chief functhm is to ensure the co-ordinate movements 
of the eyes and heiid in response to -Htimubtion of the eighth nerve. Fibres from the 
vc&libular nuclei (superior, lateral and medial), both of thesanic and of the opposite 
side, join the bundle^ where they ascend, descend or divide into iAScending and 
descending branches. 'I'hcse vestibular fibres send collaterals to, or they may end 
in, the nudet ol the thi^d^ fourth and sixth cranial nerves and the spinal nueteus of 
the eleventh ncnc:(fig. ^857)* In addition, fibres join the bundle front the dorsal nucleus 
of the corpus tmpezoideuin anti the nucleus of the lateral lemniscus. It is probablci 
therefore, that ihc cochlear as well as the vestibular nerve Is capable of intiuencing 
the movements of the eyes and head through the bundle. The continuity of the 
bundle with tlie anterior intersegmcntal tract oifcnfi a pathway to those nuclei of the 
spinal medulla which inEier%^te ihc rotator muscles of the head and neck, other 
than the stemoeleidomasioid. 

The mferioF hrachium forms a rounded strand on the lateral aspect of the upper 
part ot the mid-brain (fij^, fibres arc derived from the inferiEsr colliculus 

and from the btetul lemniscus and they are ascending to reach the medial geniculate 
body% In their course they separate the domilateral fibres of the medial lemniscus 
from the surface. 

The colliculi.” -Fhe iiFi/mW consists of a compact nucleus of grey 

rnaltcr which contains lat^e and small multipolar nenx-ccllsf and is more or less 
completely surrounded by fibres derived from the blend lemniscus ; most of these 
fibres end in the grey nucleus of the same side, but some cross to that of the opposite 
side. Only a minority of the fibres of the lateral lemniscus end in the inferior 
Colliculus, as the nuLjority are continued through the inferior hrachium to the medial 
geniculate body, ivlicrc they are relayed to the auditory cortex (p, 104.7)+ 
feridr colliculus sends commissural fibres to its fellow of the opposite side, ^me of 
which arc coniinued on through the inferior bmehium to reach the medial genicubie 
body of that side- In addition, it sends efferent fibres to the medial genicul^ic body 
and to the superior colliculus^ of the same side. The evidence for the presence of 
the last group is eniirely experimental • and if they are in fact present—aa 5E:cms 
highly probable—the fibres must be finely inedcllated and of smaTI calibre, since 
they am not be dcmionstratcd by histological methods. 

Tlic inferior colliculus reaches its highest tlevelopmcnt in mammals, and it is 
only found in those animals which possess a well-developed cochlea^ It iii to be 
regarded a centre for auditory' and* p<}ssibly, sonve vestibular reflexes (p, 
which are probably mediated through the tectospinal and lectohulbar tracts.* 
Them is nn evidence that it functions as a relay station on the path to the cerebral 
cortex. Ill this connexion It should be obseneJ that many of the fibres of the 
lateral lemniscus divide into medial and lateral branches which are distributed to 
the inferior crillicufus and the medial geni cubic body, rcspeGtively+ 

'fhe superioF cothttihis is covered by a thin stratum of white fibres, which con* 
stitutc the xUatiiffi Bencaih this the einmum forms a cap-bke kver 


* K+ y^r Adcs, 7 + Nnitupfiyiialr, % 1 ^ 44 + 
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of grey matter^ thicker in the centre than at the dreumferenetj and conslaiing of 
numerous smull irniUipolaT nerve-cells imbeddeii in a fine network of nerve-fibns. 
Still deeper b the stratum containing large multipolar nen e-frellfi sepanited 


FiOi S57*—A to ihow thr pdneipEil fibre which contribute to the 

forTtOEtkin df the medial fortgiludinai bundle^. The distribution of ics fiibieft to 
the nuclei of til, IV, VJ and XI is almo ahown. 
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by tiumeroua fiiMf aen'e-fibnea. Finally, there a (he Ttratum temimci, consiatiiiE of 
nbrts, many of which are derived from the medial lemniscus; others are corn* 
misatirel and derived from the cells of the stratum opticum; manv UtM multipolar 
ncrvc-cclla ans inicrsperscd amnng these fibres. ' ^ 

Affcfciit fibres reach the supedor colliculus from the following sources! (i) 
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fibres originating in the retina ajctd conveyed by the superior brachium; (2) Ebrea 
arising in the visual o^rtex of the oceipital lobe and iravelLing by the optic radiation 
to the superior brachium ; (3) fibres arising in the spinal medulla and ascending in 
the spinotectal tract; (4) fibres arising in the inferior colliculus of the s^me side 
(see above) and forming ihc afferent path way for auditory reflexes. 

Efferent Ebres take part in the dorsnJ tegmental decussation and constitute the 
teetdbuLbar and the tectospinal tracts (p. ^4]^ which establish connexions with the 
motor nuclei of the thirds fourth, sixth and eleventh cranial nerves, and the anterior 
ojlunm cells of the spinal rneduUa. Others cross the median plane to reach the 
superior colliculus of the opposite side, while still others have been described as 
entering the medial longitudinal fasciculus. 

In fishes, reptiles and birds the tectum is occupied by the tfpUc which repre^ 
sent the superior colUculi of mammals, lliey not only function ae the highest visual 
centres but they also play an important part in connexion with the control of 
muscular movements^ In these animats the cerebral cortex, the corpus striatum 
(p. 1064) and the cenebdiuni do not respond to elec Erica] stimulation^ Avhtch pro¬ 
duces motor responses only when applied to the optic lobes,* in mammals^ hov^- 
cver* the evolution of the visual cortex and of the motor cortex has resulted in a 
diminudon of the imporiance of these centres, and most of the fibres of the optic 
tracts avoid them and are relayed in the lateral geniculate bodies on their way to the 
higher centres. The superior collicultis continues to teccive some fibres from the 
optic tract, but the significance of this connexion is uncertain. In addition the 
su|^rior colltculus receives afferent fibres from the visual cortex, the impulses from 
which arc relayed to the tcctobulbar and tectospinal tracts. In the lower vertebrates 
these tracts appear to function as the principal motor pathvrays, but in mammals 
they provide a path^vay for reflex movements of the musculature of the eyes, head 
and neck which may be necessitated by visual imprcssiDns. 

The pretectal ntitieus is a circumscribed collection of grey matter W'hich lies deep 
to the upper and lateral part of the superior colliculus and projects upwards to s 
slightly higher level. I'hrough the superior brachium it receives afferent fihm from 
(i) the lateral root of the optic tract f and (2) the occipital cortex adjoining the striate 
area. Its effereni fibres pass medially dorsal to the cerebral aqueduct and then curv^e 
forwards round the central grey matter to reach the Edinger-Wealphal nucleus 
fp. 1096) from which fibres are relayed to the oculomotor nen^es of boEh sidcs.| 
The pretectal nucleus constitutes an essentia! clement in the pathway for the light 
reflex (fig. 871). 

The cerebral aqueduct (aqueduct of the mid-brain) is a narrow canal, about 
15 ram. long, situate beriveen the colliculi and tegmentum, and connecting the 
third w’ilh the fourth ventricle. Its form, as seen in transverse sections, varies 
at different levels, being T-shaped below, triangular abovc^ and oval in the 
middle ; its central part is slightly dilated, [t is lined with ciliated columnar epi¬ 
thelium, and is surrounded by a layer of grey matter named the central grey stratum-, 
this is continuous below with the grey matter in the floor of the fourth ventricle^ 
and above with that of the third venfriclep Dorsally the aqueduct ia partly sepa-^ 
rated from the grey matter of the colliculi by the fibres of the stratum lemnisci : 
vcnlra] to it are the medial longitudinal bundle, and the formatio reticularis of the 
tegmentum. Scattered throughout the central grey stratum arc numerous nerve- 
cells of various sizes, interlaced by a network of fine fibres. Besides these scattered 
cells it contains three groups, which constitute the nucleus of the mesenceplialic 
tract of the trigeminal nerve and the nuclei of the oculomoior and trochlear nerves 
(pp, 991 and 992). 


THE FORE-B 1 L 41 N OR PROSENCEPHALON 

The fore-brain or prosencephalon conri^ of: (i) the dsencephahti^ corre¬ 
sponding in a large measure to the third Ventricle and the structures which bound it; 
and (2) the teleaeephatoB^ comprising the largest part of the brain, riz^ the cerebral 
hemispheres ; these hemispheres are connected with each other across the median 
* A. A. Abbic* EsssiyM in Burkift Memeriil Volume, 

t K. G. Lishlcv,_ 7 . 

I R. L. Crouch,_7. Cbmryj. NtUrcl., 64, 1936. 
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plane, and each coniaina an extensive cavity, named ihe lateral ventricle. The 
lateral ventricles communicate ivith each other and with the third ventricle through 
the inicrv'entriciilur foramina, and ore separated fmm each other over a wide area 
only by a median septum, tenu^ the septum pellucidum ; this contains a slit-lilce 
cavity^ which does nai comniuriEcaiq with tlic venlriulcs. 


TiiK DiExci:p|rALOx 

Introductory.—rhe dltneephalon is derived from the caudal end nf the fore- 
brain In the human embryo and in all vertebrates tt is situated crania! to the 
cranial end of the notochord, and it may thcrcrorc he regarded as an extension of the 
brain b^ond the limits of the pnmiti ve segments of the bodv. It mav be expected 
that the imprmrs of metamerism and brancliiomcrism, ti hiih have been ob^rved 
m the hnim-stcm and spinal mcduliu. will no longer he found in the dienceplialon 

1 he Uteral trails of this portion of the cmbryoiiic neural tube undergo enormous 
thickening and form iw o large nuclear massca. which am termed the UsaSami Thev 
ane the largest and most important of all the derivatives of the dlenccphal'on In 
primitive vertebrates they mnstituie the highest centres for the correlation of all 
sensory impre^ions but. with the cviolution of the neopallium, they become relegated 
to a pnaitmn of Je® importance, acting as relay stations on the scnsorv' patfiw ay to the 
rortex. Although they are no longer tile dominant factor in determ'ining beLvinnr 
Ihcj do rctmn a larp measure of their earlier importance, for their countless con¬ 
nexions with the ivho e of the mrt«, as well as with the corpus striatum and the 
eerebellum indicate t!,at they play an active and essemial pait in all cortical activj- 

.It ““"a can mach consciousness 

in trie thabmi wlicn Xhtir cojijcaf connexEons have betrt sstver^^d 

Caudal to the thakrnus two elevations appear on the lateral «pcct of the dten- 
«phalon and they can be recogntsed at lirst on the inner wall as ttvn holloo^-out 

w Scn'CiJale bodies, which together constitute 

the ffirmr/iri/omur. As the thalamus enlarges it extends tailwards and growing 
backtratds so as to overhang the tmd-brain, intervenes between the Ho^hne 
bodies and the cavity of the dicncephalon. The media! genfeuiate body hi alSfy 
^en seen m the groove Iwtiveen the lateral aspect of the mid-brain and the over¬ 
hanging posterior end of the thalamus, while the lateral gcnieubtc body comes tolL 
in close conbet with the inferior aspect of the pooterolateral part of the Uialamus and 
to he iJieorporatqJ tn it. uiia 

The roof-plate of the diencephalon retains jis epithelial character throughout the 
greater part of Its extent and forms in the adult, the roo/o/rAe 

At ns postenor (or caudal) end the roof and the adjoining ^rtionsof/he 
lateral walls to ^ tminlwr of stnictnms, which tog^ihc? institute Se 

A coUecbon of cells in this part of the lateral wall forms the /,almtu/ar 
nudeut, which sends its hbres across the median plane, through the roof nlate tn 
poramtute the ^ More caudaJly a second eommisaural bund e 

invades the roof, and is mimed the porlmbr ««»«««,«. In the interral betvv/en 
ih™ two commissures a hoUoiv thverticulum grows backwards in the median 
I his IS termed the epip/iym In many reptiles it gives off a second process which 
arises from the anterior wall of ,ts base and constitutes tl,e pineal or nari^tal eve 
(p. loog). I his organ baa been identified in the human embryo but it do« nnt 
persist; the epiphysis, on the other hand, which forms a holloly giandular strue 
tore in reptiles, secreting direcUy into the third ventricle, becomes converted inm 
3 solid orgsn, the piTieai tody. uiyj 

Wc have smn how the thalamus, the metathalamus, tJie epithalamus and a ktvp 
part of the roof of the tlitrd vcntrtde are derived from the diencephalon The oam 
which have still to be considered arc derived from the ventral portions W its kter^ 
walls and from ito fioor. They contribute to the formation of the kvpMamJ 
forming the subthalamic region, the corpora tnamillaria, the tuber cinercum ai^H 
the infiindibulum, but the most anterior part of tlie hvpoihalamus, which inciud« 
the opdc chiasma the lamina ternitnalis, is derived from the leltnceph ilon ^ 

'I'he tuhlliahimin rtgion is the upward continuation of the tegmentum and V 
immcdiaiely below tJic thalamus. 'I’hc mamillary bodies form n»a median ihi't 
ing in the floor of the diencephalon, which is subsequently divided into two b'” 
median groove. They are an important cel I-station in connexion with the activit’ ^ 
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of die autonomic system (p. loos). The area in fmnt of them forma the tuber 
Gtnereum. This area Is very highly de\'elopec! in those fishes In which the olfactory' 
is dDminatcd hy the gustatory sensei hut it undergoes marked reduction in air- 
breathing vertebrsicfi. 

The ift/uniiibtflar pracesi arises as a holksw outgrowth from the floor of the 
dicnccphalon which subsequently loses its cavity and iK-Comes converted into o 
solid mass of oeIJa to form the posterior li>be of the hypophysis. The stalk which 
connects the hypoph;isis to the floor of the third ventricle forms the infiindibutumi 
and it retains its hoLlo^v character in the adult. It will be revnembetned that the 
anterior lobe of the hypophysis develops as a hollow diverticulum from the roof of 
the primitive mouth (p. 185), and It is probable chat in some ancestral vertebmtes 
there xvss a bucconcural duct, such as occurs in larval ammocctes. Such a duct 


Fio. S5S.—Ttifr ventrick* of the br^ii^. Exposed from above and behind. 
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provided for the passage of w'uter from the mouth to the neural tube and afforded 
the possibility of a water-vascular circulation for the central neo^ous system. In all 
reptiles and amphibia the infundibular process remams hollow\ but in nearly all 
mammals it becomes a solid body and forms^ as in man^ the posterior lobe of the 
hypophy'sis. 

'I'he optk chiasma is developed in association with the optic nerves (p^ r^y)^ In 
all vcrtebmlcs the fibres of the optic nerves dectissate, either completely or pajtially, 
in the floor of the fort-brain, and constitute the oplk chlasma (p- 1015). 

The Idimhta is the cephalic end of the neural tube and, in %iew of the 

development of the roof and floor of this part of the telerLCcphalon, it fornix the one 
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where Ijrgc and impartajit commissunl tx^nncxiana between ihe cerebral 
Kemiapherea arc able to develop. 

Parts derivfKi from the diencephalon.—'^rhe dienccphalon comprises the 
thabmtia, metathalamus and epLthaLimtJa (which tcgctlier confititutc the ihaiam^ 
ti;cephalotf)t and moat of ihe hypotKalamus, but these ainieturea include so many of 
the boundaries of the third ventricle of the brain that it will be convenient to describe 
the anterior part of the hypothoiamus and the third v entricle as a whole in this 
tiaii, toother with the tme derivatives of the diencephaloiu 

The thalami (Bgs. 859^ Sboj are two large ovoid masses of grey matter^ sUuatcd 
one on each side of the third ventricle and reaching for some distance behind that 
cavity. Each thalamus is about 4 cm. long; and has two each and four surfaces. 


FiOi 8511.—'rhe thulflmt espwied frdctt ihove. 
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The antfrior end Is narrow; it lies close to the median plane aiiil forms the 
posterior bounditry of the interventricular foramen, 

ITw expanded posterior end, which is termed the puliHnar, b directed bictwards 
and laterally and overhangs the superior coJHculus and the lupcriur brachtuen. 'Fbe 
lateral geniculate body {p. i«6) forms a small, oval cicvaiion on the inferior aspect 
of iu lateral part, Inferiorly, the puIvLnar is separated from the medial eeniculaie 
body (p, too6) by tin: superior braebium. 

the superiat wtfatt (fig. 859) is free, slightly convex, and covered by a lavcr of 
white matter, termed the rtraftmt sonalt^ It isacparatedliterallyfromtheventncuhiT 
surface of the caudate nucleus hy a white band, termed the itria /efJniH*Vj. and by 
the thalamostriate vein (p. 846). ]t ts divided into a lateral and a medial portion bv 
an oblique shallow furrow, which runs from behind forwarda and medially fmm the 
lateral part of the posterior end to the anterior part of the medial border * this 
furrow corresponds with the lateral margin of the body of the fomLx, The lateral 
part forms a wtlioti of the floor of the lateral ventricle. It is covered with the 
epithehum of that cavity, and is partly hidden bv the vascular fringe of the 
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choriaid pkj^us (fig. The mcdb! part of thla surface is covered with 

the tela chorioidca of the third ventricle, by which it is separated from the body 
of the fornix. BciWTcn tlic lateral edge of the fornix ind the opper surface of the 
thalamus the lateral mai^n of the tela cliorioidea with its contained plexus la 
inx'agmatcd into the verLiricle through the chortoidal fissure 909). In fronts the 
superior surface is separated from the medial surface by a narroWi raised ridge from 
which the epithelial lining of the third ventricle ia reflected to the under surface of the 
tela chorioidea^ This ridge covers a small bundle of white fibres, named the stria 
fm^diili^ris^ thuhmi (p. lOoS). Posteriorly it turns medially to form the anterior 


FtCk €60.—A coiDiuil section through ihc brain at the uritcrbr pan af the pan*. 
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Imundar}^ of the Irig^mm hfshrnuise (fig. S59)* from which the upper surface of 
the thalamus Ls separated by the sulats 

The itfjmor rwr/see rests upon and is continuous with the uptvajd prolongation 
of the tegmentum (ruhthnlamic t^mrritai rtgrhn) (fig. S60). 

ITie mfdiai surface (fig, 870) constItutEs the upper part of the lateral w^all of the 
thi rd vL-n irid e ; i t is connected to the correspondi n g su ifsi ce o f 1 he oppostre thabmus 
by a flattened grey band^ tiiuned die inttrihaiamic adhesion (aonntxiis Ifttrrihalamiirus), 
This hand lies dose behind the inienentricular foramen, and averages about 1 cm. 
in its aniernpcsterior diameter; it sDiiictimes consists of two or even three parts^ 
and occasionally is absent It contains ncrve-cclU and ncrvc-fibrcs t □ few of the 
latter may cm^ the median plane, but most of them pawi towards the median plunc 
and then curve laterally on the same side. This surface of the thakmus is limited 
below by a trurred groove, often ilbdefined^ termed the hypothalamic sukus. It 
curve® upwards and fiin^^rds from the upper end of the cerebral aqueduct to the 
floor of the inten'cntriculaf foramen and is usuaJiy regarded as the upward con¬ 
tinuation of llie suTeus Hmitans of the spinal medulb and bratn-stem. 

2 1 7 







IQQl 


NEUROLOGY 

On its tatrral mrfact iticre \a a thick band of white aubstance conaisUng of pro¬ 
jection fibres which form the posterior limb of the intemal capsule and separate the 
thalamus from the Icrndfoim nucleus of the corpus siriatum (fig. 860]. 

Structure.—'I'hc thalamus consists chiefly of grey mutter, but its upper surface 
lA covered by a layer of white matcer, named the stmtum and its lateral surface 

by a similar Layer, termed the rxtertt^l meduiiary hmim. Its grey matter is inconi^ 
plcicly subdivided into three parts—anterior, medial, and lateral*—by a vertical 
white laj'cr, the inl^rnai tfirduifitry tamim (fig. 860). 

The iuftmor part f compriaes the anterior end or tubercle of the thalamus and 
its flattened and tapered posterior end lies on the superior surface of the medial 
and lateral pans. It contains the anterior nuclei of the thalamus. The mfdMprn-t 
lies between the internal mcdtiLlary kmina on the lateral side and the third ventricle 
on its n^ediai side and contains the medial nucleua of the timlamus. These two parts 
are phylngenctically the oldest portion of the thalamus and together comprise the 
fmhe^rhaiiimus. I'hey have* however, become modified in structure and pmgres- 
eively differentiated in the process of cvnluimn, and it must not be assumed that 
their functions have Tcmnincd entirely primitive, 'I hc tattmf p^irt lies between the 
internal and external medullary laminx. It is the largest of the three parts, forming 
the greater part of the thalamus and constitutes the neoflwhmus. Lt reaches its 
greatest development in anthropoid apes and man. It is suhdhHded into tw'o groups 
of nuclei, the dorsilaienil part containing the lateral nuclie and the vcntrimedial 
part containing the vent ml nucleic The laEcnil nuclei extend into the pulvinar with 
which the latcml part is continuous posteriorly. In addition to the ahtwe mentioned 
nuclei, there are a number of smaller nuclear groups in the internal medullary 
lamina called the iittmthuliwik 

Conneriom (fig. 863).- In man the thainmus Is a targe cell-station interposed 
on the sensory path to the cortex and relaying a number of different impulses to the 
corpus striatum* It recet%-es from: (i) the mamilLothalamic tract and 

(a) the hypothalamus (visceral sensihilitv)! medial leinniacus (proprioceptive 

and tactile sensibility); (4) the spinal lemniscus (pain and temperature); (5) the 
trigeminal lemniscus (scnsihility from the trigeminal area) | (6) the superior cere¬ 
bellar peduncle of the opposite side ; (7) the rubrothalamic tract of the same side ; 
and (8) all parts of she cerebral cortex. 

Its tjjftriTiit proceed through the internal capsule to reach all parts of the 
ccrcbml concx. but especially the postcentral gyrus, the parietal ussociaiion area, 
the mo(or, premotor s^nd frontal area^, the gi^rus cinguli, the parostriate area 
and the posterior orhital gyrus of the frontal bbc. In addition, numerous inter- 
nuncial fibres connect the various parts of the thalamus to one another, and pass 
between the thalamus and the corpus striatum. 

The ofiifiior part of the thalamiis receives afferent fihm throuj^h the mamillo- 
thalomk trecti which is now regarded os a puihivny from the hypothulatmis conveying 
Lmpuise!i conoemed with vj^cral ind other autonuiiue activities (p, 1048). Its effimii 
fibres pass to the gyms ctnguli (areas 23 and 14). (p- 1048I. 

llic medial part receives afferent fibres from the anterior nucleus, from some of 
tlie nuclei of the hypolhalomns, through the perivt-ntricular system of fibres, and from 
the frontul area of the cortex (p, 104 3 )- ^rreai fibres project on to the frontal area 
and to the posterior orbital gyrus {p. 1O49). Like the anterior part it appears lo be 
concerned lar>j:cly with autonomic sictivlrics. 

The latera! pars of the thalamus, a^ already stated, consists of a ventral and n lateral 
group of nuclei. 

"Vhe caudal part of the vrairai gravp a/nuclei receives afferent fibres from the spinal, 
medial anil trigcroinal lemnisci* whkh retain the Sdroatotopical arrangtiment found at 
lower levels (p. 944), the fibres from the lower limb being situated most laterallv\ 
whUe the fibres from the upper limb are more medial and adjoin the trigeminat fibr^ 
from the head. There is considerable overlapping of the fibres of the spinal and metiial 
lemiiisd but the fibres of the medial lemniscus tcnil to esteni! more rostrally than the 
fibres of the lateral lemniscus. The most mrdial part of the ventral nuclei forms a 


* In the Nomirpi Anatomica thaw are CemiEd the anferior, medial smd lateral nudei " xht 
tenn p<jri is less confusioK and is preferred hcre^ ^ 


the 


t Apart fr^J^ dMirriptbn* in the text arc krRcty buned on 

work of \\ J-. Gros ClarM J. . 4 iio/., l^nd., ^ 7 ®. 4«nd 71* 1937. and JJmiw, 

55. and A. Lnrl (The PdmaTe Tbafamni, 1938, LIniversity of 

t:hicago Proa,7. Comp, Aewro/., 62, to3j,7, aeur, ment, Dii., S5, 193- Res, PabL Ass, nerth 
wirnf. Dip., 13, 1943 'k etc.) \ mid othen. 
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cresc^nt-flhapcd group of cells and is often tcrmin! the ‘ nreuate nucleus * ; It ivocncts 
the trigerriinAl lemniscus, 'l*hc cflfcrcnt fibres of the cells around which ihc mctli^h 
fipinaJ and trigemmaJ Icmnisci ftbtes lynapsc traversti llie poatenor Jimb of the Internal 
capsule and project on to the postcentral gyrus (areas 3^ 1 and z) but seme pass to the 
adjoining motor opfix^ (see also p. t040>-* Hiosc which run helaw the Icntifortn 
jiudeus intervene between It and the anterior perforated substance and constitute a 
part of n complex bundle termed the ansi pcduncutaris (see p. lojz)^ 

'rhe rostal part of the ventral nuclei receives affetents fram the dentate nucleus of 
the opposite side of the cerebellum through the superior cerebellar peduncle and from 

FiCh SAth—^The h&Bc of the bratUn Shov^-in^ m disseCTiUn of the great mdlor 
and sensory pathways. 
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the red nucleus by -rhe rubrsHhalDmit fibres ; it sends its efferenta to the motor and 
premotor cortices (ureas 4 and 6)* There is evidence to show that in this part of the 
ventral nuclei there is a spatial representation similar to that described above for the 
fihnrs of the trigeminal, spinal and medial lemnisci. Other efferents have been 
ascribed to the substantia nigra and the subthalamsc midetis. 

*rhc lateral nucleus has arisen as on upward expansion of the foregoing parts krf it 
wmvj na titnuifk afferent fibres. Its affcrents arc derived from the adioininjt pari* of 
the thalamus and its eflenmts ptoject to the parietal aasoctarion area and probably to¬ 
other cortical areas (p, icxi4)+ 

'llw pidt'iHwr occupies tlw whole breadth of the posterior fourth of the Thalamus 
and coctatitules its most pewtedor portion. It sppeara late in phylogenetic history and 
It expands concutreiitly with the growth and daboratiDn of the anterior and middle 
parts of the inferior parietal lobule (orftM 3*^ and 40), (p, 1047'), It reemrs no aff^reitt 
totiitiUc Jihm, but it is ititimatcly associated with the special senses of tight and hear¬ 
ing, for it sends Its iifrrnits to the pBrasnriai* areaf (iSJh the audilopsychic area 
(za) and the adjoining parts of the infedor parietal lobulet (P- to47)p and the possibility 

• The spatial relatiaiiHhips between this tiudeus and the cortex of the po 4 iceniral gyms U 
described by W, E. IjC Gros Clark and 1 ’, P* S, Powell tnJVoc. JfovvSsc. i4tj 
t W, E, L« Groi Clark and D. \\\ C, Northficld, 60, *337, 
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of a icciproaiJ Eoir of from tliesc voums is nol tiecludcd^ addiclofU th^rr 

iievidjcndc that the mediaJ part of the pulvinar$cncj9 elTcrenta to the temporal pole.* 

Fiiocdonal sigriUiCiUice of the thajamus and metathalamus (p, ioq6 ).— 
These parts arc to l>c considered m itimoitant aubcortical correlatiDn centres. Into 
them stream impulses ftom all kinds of somatic receptors, including the eye and the 
car^ and from splanchnic receptors. One function of the thalamus is to relay and 


FlO. 36 l,‘^A schcoic la Ehaw the principul cfarmEsions af the dinliiniii^^ 
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transmit the impulses, possibly with some modifteation, to the specific reception 
areas of the cerebral cortex. The thalamuSp however^ is not only the gateway for 
sensor)' impulses ciilcring the cerebral coctes hut there is ground for stipposing 
I ha" some, at least, of its activities can be appreciated in consciousness. In the finer 
appreciation of sensations the cerebral cortex appears to be essential but the cruder 
• D. A. SlinpBon, 7 - 86^ 155a, 
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fom’Wr, Cisptctall)’ pain, are said to be also comdously experienced after the con¬ 
nexions betAveen the thalamus and cortex hate been dcsiroyed.* Partid and told 
deconications of one cerebral hemisphete have been performed in man in operationa 
for cerebral tumours and after a short iniert d contralateral painful stimuli can again 
l>e experienced, although their loealisation is defective but the interpretation of 
proprioceptive stimuli remains permanently abolished.f These results couldp of 
course, be explained by assuming that the exieroccptivc path^A'ays have bibteral 
representation in the cortex, Avhetreas the pmprioceptive patiiAvaya are represented 
unilaterally. 

The wealth of thalan^o-cortical and cortico-thalamic connexions suggests a close 


FtCr —The hind-brain and mid-brain^ viewed froin the 

pOstemEateial aspects 
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functional relationship between the two. By these pathways the cortical areas may 
alter the actiA'ity of the thalamic relay centres and vice A'cma. ll has been suggested 
that the cortico-thalomic connexions enable the cerebral cortex to cxerdsc an 
inhibitory effect on the spread of the sensory^ excitatory' processes within the 
thalamus and that the release of the thalamus from cortical control accounts for the 
exaggerated response to stimuli which characterises certain lesions inA'olving the 
thalamus. In addition electrical stimulation in man and animals indicates that some 
of the smaller thalamic nuclei not concerned vvith specific pathways have a wide¬ 
spread non-specific cffcci: on cerebral acd%^ity 4 Alteration of the rhythm of the 
brainwaves and changes of consciousness ranging from * alerting ' of the cortex and 
arousal to apparently normal sleep are described. 

As already stated (p. loqa), the medial part of the thakmus receives afferenta 
from the hypothalamus^ which contains higher centres associated with the autonomic 
system and the viscera. The cortical eonnexions of this part with the frontal 
area and the posterior orbital gynia bring visceral activities under the influence of 
the cortex and so provide a mechanism whereby the cortex is enabled to eontrol or 
inhibit emotional and instinctive reactions which would othcrw'ise result from 
viscend srimuti p. 1049}. 

Fishes and, to a less extent, amphibia are dependent on the patnthalamtis for 
* W. Fcnficld, Prae, -Soe., B., tJ4, trj47„ 
t W. E. Dsndy, BuiL, 53, 1^33. 

t M. Ga^tant, F- UrcmrCr and w. R. Una, BFiiin MechanisrHi artd CoHitiouinaj^ Oxford^ 
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die apprcciuiiori c»f harmful or beneficial atimuli. Co-ordinated impulses^ ame In 
the tlialamus and subthali^mic region and result in the as^idance or the truest of 
such Eitiniiili^ the case may be. In man such stimuli receive recognition In the 
thajamus^ but areas of the cerebral cartex are necessary for their analysts and 
localisaiioi). 

The metathatamus (6g. 8&j) comprises the genicukte bodies, which arc two 
in ntimber—a medial and a lateraJ—on each side. 

The medial body lies under cover of the pulvinar of the thalamus^ and 

lateral to the ixjlliculi. Oval in shape^ with its long asts directed forwards and 
latemRy.. it is lighter in colour and stnaUcr in $iae than the lateral geniculate body% 


FlOr S64.—A disseeden of the brain frqm below, vhowing ihc mctuthAlunin 
and the optic trac±a- 
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ITirough the uiferiur bnchium ti resxivcs auditory fibres from the lateral lemniscus 
and a few from the inferior colliculus of both sides. Its cells send their axons to the 
cortex of the temporal lobe, orfur 41 and 42 (fig, S89). 

The lateral gmiaitafe body (figs. 864, 883) is an oval elevation on the surface of 
the bran infenor to the lateral part of the posterior end of the thalamus and is 
connected with the superior colliculus by the superior brachium. It receives a 
laigc proportion of the librca of the optic tract, the remainder—smaller in diameter 
and, therefore, more slowly conducting—passing through the superior brachium to 
the superior colliculus and the pretectal nucleus {p. 957) to mediate some of the 
optic reflexes (p. 1*56). 

Tlw superior colliculus, the pulvinar and the lateral geniculate body were 
prcv-toualy termed the lower visual centres, but it must clearly be understood 
that the great majority, if ml all, of the fibres lehicti are destined for the nisual eartex 
art relayed ih the lateral genitvlaU body. Brouwer and Zeeman excised portions 
of the retina in rabbits, cats and monkeys and were unable to trace any degenerated 
fibres of the optic tract into the pulvinar. Further, thev were able to localise 
the retinal fibres In definite areas of the lateral Bcniculaic J>ody. Fibres from the 
upper half of the retina are connected to its medial portion, those from the lower 
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haJf of the retina lo its lateral portion^ Macular fibres end in the central xone, and 
the area allotted to them is a large one (fig, S72), Those fibres from ihe nasal side 
of the retina which are coneemed only with monocular vision terminate in the 
ventral oart of the lateral geniculate body (fig, ihe area concerned being narrow 
and strtp-lile. 

The cells of the lateral geniculate body are arranged in six layers. Of these, 
laminie i, 4 and 6 receive contrakteraj optic fihrtSp and lamina: 2, 3 and 5, ipsi- 
lateral fibres. The cells of lamina i and 2 are large and pigmenicd, while in the 
other laitiin^e they are smaller and more closely crowded together. Each optic fibre, 
on reaching its appropriate lamina, divides Into five or six terminal braocheSp each of 
which ends in a termlna] bouton, cicely applied to the body of one cell only. A 


Fm. psrua^ittal eecticn throui^h the braln^ cuttinir the laEemi part of the riyht 

mBrnililflfy body. Viewed fmm the Li^ft sid^^ (Ch. Foix and J. Nimlcbcn, 
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minute lesion of the retina is always assodnted W'ith tranafieuronal atrophic changes 
m a small group of cells similarly disposed in each of the three corresponding 
laminBCp* and it w^ould appear that each unit of the retina projects on to all three 
htTnincCp the relationship being, for all practical purposes^ of the ' point-to-point * 
character. This fact has been correlated with the Youjig-HelmholK iheon^ of 
colour vision, and it has been suggested that the three laminasr corrspond to the three 
fundamental colour sensadons, red, green and violet+t fn this conne^cion, it should 
be noted that the laminffp though dearly defined in the central part of the nucleus, 
which is concerned with macukr vision, tend to merge with one another in the parte 
of the nucleus concerned with peripheral vision ffig. 87a) Perception of colour is 
restricted p to a vtty large extent, if not wholly, to the macuJar area^ 

Corresponding ccibgroups in the six lamina: project on to a very limited area of 
the visual cortex (fig. 8^1, ffreu 17), for a minute lesion of the visual cortex is alu^ys 
accompanied by rccoguisable changes which affect a small group of cells similarly 
disposed in each bycr.f 

* W. E. Lc Ghm Ckrii and C. G* Penman, i?c?y. S&ir., B, 114 , 1^4- 
tW. E, Le GroE Clark, % Amt.. Lund., 7Si ^O+n a^d PAyrwL /?A>., 22 p 104J. The 
view that thpfc k aWo a Eepanitc yclIow-scnsaTiOJi haa reccAtSy b«n resdijiTkiHl and evidence 
h*4 b«r! adduced in icft auppOTt by H. RartKdgCp 160 , 1047- 

I S. Polyak, 7 - C(fmp. Nfurol.^ 57, IQ33 
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AU recent invc^ligadons suggest that the latenil genktilatc body is purely a rcJay 
stadanp Its afferent hbivs are derived solely from the optic tract and its efferent 
fibres all travel in the optic radJation to the visuo-sensory cortex in the occipital lobe 
of the brain. In consequence retinal impulses reach the visual cortex viithout being 
subiected to anv modifying influences. 

The epithalamus comprises the trigonum habenulA^, the pineal body^ and the 
posterior commissure. 

The trigoNum fiahtnuhr h a small, depressed, triangular area, situated in front of 
the superior colliculus and medial to the posterior part of the thoJamus, from which 
it is sepaniicd by the sulcus habenula; (fig. 855). It contains a group of ncne-cclls 
named the hdbrmt/nr nucieus (Eg* 865), Afferent fibres arc conveyed to the nucleus by 
the sfrm jrrrdulians (fialamt {sfrk hhbtnuiarh), which is formed at the anterior end of 
the thalamus by fibres which ascend from the anterior perforated substance and by 

Fsc. A when through ihc pineal bqKfy of ■ youna jkIuIl Stmned witli 

hifniQioKytla and eoiin. k 35®-. (Prawn frain h prcoiiniftiaii kindly lent to 
the Bditon by l>r. K. E. Ilrwer.) 



fibres from the coluinn of ttic fomix (fig* 884). The stria then passes backwards 
on tlw uppermost part of the mcdiaJ surface of the thalamus (p, igQt) and forms 
the medial boundary of the trigonum habenuke. Some of the fibnss cross in the 
peduncle of the pineal body and reach the habenular nucleus of the ontjositc side 
They constitute the habenuhr commitsure. Efferent fibres leave the n^eta and 
pass vcninillv forming thef^ciculus rttrofitmt ffig. 865}. 'fhey descend media! to 
the red nucleus and end in the interpeduncular nucleus (p. loio)- some are 
described as reaching the substantia nigra of the mid-braio. The habenular nucleus 
and its afferent and efferent paths consti tute a portion of the rhinencephalon 

The ffineathody * (figs. 859, Syq) is a small, conical, reddish-grey body which lies 
in the depression between the superior colliculi. It is placed below the splcnium 
of the corpus callosuni, but is separated from it by the tela chorioldea of the third 
ventricle and the contained cerebral veins, h is enveloped by the lower layer of 
the tela, which is then reflected over the tectum (fig, 870), The pineal hodv 
measures about 8 mm. in length, and its base, directed forwards, is attached bv a 
stalk or peduncle of wh ite suhsian ce. The itaik divides antenorly into tw'o lami^ 
a superior and an inferior, which are separated from each other by the pineal recMs 
of the third ventricle {%. 870), ITte inferior lamina contains the nostMior 
commissure and the superior lamina the habenular commissure. 

Slnttfurt ffig. S66).— 'I'he bulk of the parenchynui of the pineal gland consists of 
•See R. J. Glidstoni!, sfuJ C. P. G. WaheWp, Tke PitiMl Orgatt, ],(pniion, 1940 
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rounded Cells, the so-called pinj-ni celb, with irre^lar niicici poor in chrirniatio. At 
birth □ ftw und ticrt^c-^nellii arc present. Connective tissue cells und 

Ebiils appear during the first yearp and gradually increase in quantity ; the rate at 
which Bbrosis lakes pliicc is very variahEc, Culcarcons ctincfctiniis constunily 
preseni in the pineal body afrer the seventeenth year ; spaces or e^'sts may also be 
present. 

^Hie human pineal body b developed from the cpiphysiSp whidi grows out from the 
caudal end of the roof-plate of the diencephalon. In cycEcMtome hshes the epiphysis 
gives rise tn two dii erticulo, q. paricUil or parapincal and a pineal nrgari. Both these 
derivatives grow towards the dorsal surface of rhe head, and they b^me connected 
to the habenular region by a solid stalk containing neri-e-ftbres. Their vesicular 
OLircmities shuw a dbtinct re^embtance td the optic vesicle. In spheiiodon, one of the 
most primitive reptiles^ the parietal organ reaches the dorsal surface of the head and 
cons titutes the pa ri r nil cyc^ possessing a welbdiffcrcntiatcd cornea, lens and retina . The 
pineal organ^ oti the other hand, reniaina as a hollow^ glandular structure which pours 
its secretion into the third ventricle. In mammals the parietal organ disappears at an 
early Stage of embryonic lifc^ and the pineal body b homoloyous with the pineal 
orgait. 

The posterior commissure is a smaB band of Bbres crossing the median plane on 
the dorsal surface of the upper end of the cerebral aqueduct^ covered by the inferiur 
lamina of the peduncle or the pineal body. Its fibres acquire their medullary 
sheaths early* but their connexions have not been dcBnitcly determined. Most of 
them have their origin in the nuefeus of Darksthetriiseh (p. 99a), which lies in the 
ventral grey matter of the upper end of the cerehnil aqueduct^ dorsilaicral to the 
upper end of the oculomotor nucleus ; some are probably derived from the posterior 
part of the thalamus and frt>m the superior colliculus ; others are believed to be 
continued downwards into the medial longitudinal bundle. 

'I'hc hypathaiamuj; (fig, S70).—Anatomteallyp rise structures included under 
this heading are (i) the subthalamic tegmental region ; fs) the structures forming 
the rtoor of the third ventricle, vik. the posterior perforated substance, the corpora 
mamillariap tuber cinereum* infundibuluiUp hyp<iph>^is and optic chiasma; and 
(3) the anterior part of the lateral wall of the third ventricle, below and in front 
of the thalatnus. Confusion tmii avoided if if is obsm^d fhoi the phystohgist and 
the neuroicf^t $ise the term" hypothaiamus " in a more rtsiriettd seme and iimit ii to ihe 
siruetures contained in the anterior part of the fioor of tki third ventricie^exetuding the 
optic chiasma and rhe hypophysis—and lo those contained in the iatertil smii of the 
ventricle beioev and in front 0/ the hypothaiamic lu/riii. It uili become apparent to 
the reader or he proceeds that ihe anatomist uses the term in its (opographicat sense, 
uhtreas the physiologist and the neuroii^ist limit it to a functfonai entity, concerned 
tnainiy reith viscerat eontroL 

(t) The suhthslamk tegmental region consists of the upward continuailon of the 
tegmentum beneath the posterior part of the thalamus. The red nucleijs and the 
Substantia nigra can be followed into Its posterior partp where they gmdually- 
diminish, and disappear behind the corpus mamillarc. The fibres of the medial 
lemniscus, on their way to enter the Inferior surface of the thalamus, lie first lateral 
and then dorsal to the red nucleus. Some of the ascending branches of the fibres of 
ihc superior cerebellar peduncle pass directly into the thalamus but others end in the 
red nucleus. 

A small* brownish'Caloiined nucleus, named the suhthaiamic nucleus lies below 
the bteral part of the thalamus. Shaped like a bieouvex lens w^hen seen in 
coronal sections of the braiup the micleus Ilea dorsilateral to the upper end of the 
substantia nigra and extends backwards as far as the latcml aspect of the red nucleus. 
Dorsally (or above) it is related to the lateral part of the tl^lamus* from which it 
is separated by a narrow area, termed the sona incerta (fig. 860). The fibre con¬ 
nexions of the subthalamic nuclciis are sttll obscure, but it is known to rccci^^c a 
substantial bundle of fibres from the ansa lentictilaTis. "Iliese fibres arise from the 
globus pal Ildus of the Icntifnrm nucleus and enter the dorsal aspect of the sub¬ 
thalamic nucleus^ after iniersccting the fibres of the internal capsule. In addition it 
receives afferents from j^me of the nuclei of the hypotlialamus and from the sub^ 
stantia nigra. Its efferent fibres pass to the globus palfidus, the red nucleus and the 
rostral part of the ventral nucleus of the thalamus. It also sends a group of fibres 
downw ards to the reticular formation of the brain stem (fig- 9^5)- Clinical evidence 
indicates that destruction of the subthalamic nucleus is associated with uncontmll- 
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able torstDffc&l maverneni^^ chQ<r<;Ec in typcj. anii exceed ingljr violent in cbaractcrr 
ami ekctncaj &tiniiilanDn • results in cont ruction of the erector &pinae and the deep 
niu^le$ of the back on the opposite; side. The ^iibthalatnic nucleus k an Impurtant 
confltituent of the extmpymmidal system (p. J076). 

(3) TiK iimetum forming thf jloor of third The posterior prrfornf id 

suhstance is a small area of greyish sul^tancc which lies on tlie basal surface of the 
brain in the interval beuveen the diverging cetebtal peduncles. It is pierDcd by a 
number of small apertures w hich transmit ilie posieromedial central branches of the 
posterior ceiebraL anenes. In its posterior part it contains a small nudeuii named 
the interpeduncuIiiT nuclim^ in which the fasciculus retroflexus from the habenular 
nucleus ends (p, ic»8). Little is kmwT concerning the e Re rent fibres from the 
nucleus but it has bt:en Esuggested that they descend into the brain-stem and act os 
0 pathway for unspecified olfactory reflexes* 

Fjo- y*7,-“A jAfilttiil ^cedoo throughi the in iitu. 
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The curpara mamitiaria (fie* 32 +) are tvro round white masses, each abiut the 
size of a small pea, placed side by ssde below the grey matter of the floor of the third 
v'entriclc in front of the poatcrior perfoniicd substance. Each conaista of white 
matter c*ttroal y ^d of grey matter internally, the cells of the latter forming ttvo 
nuckh a medm! of small and a ialeral of large eclla. The white matter is i^nlv 
formed by the fibres of the columns of the fornix, which descend to the base of 
the brain and end partly in the corpora mamillaria. From the cells of the medial 
nucleus a bundle of fibres arises and divides into a mamUhthahmit: troft which 
passes upwards into the anterior nucleus of the thalamus, and a miimilfotegmtHtal 
tract, which is directed downwards into the tegmentum. The fibres of the latter 
may arise as collaterals of the fibres of the ntamlllothalamie tract or thev may arise 
independently. A^trent fibres run forwards to the lateral nucleus from the tee- 
mentum and constitute the pedunck of the mamillary body. These are regarded m 
visceral afferents from the sensory nuclei of the vagiis and glossopharyngeal nerves 
and probably from lower levels of the spinal medulla also, and their relation to the 
hypothalamus has been compared to the relation of the lemnisci to the thalamus t 
The assessment of the functional significance of the corpora mamillaria must 
depend on the interpretation accepted for the functional significance of the hippo- 

• r. A. M«(tlef *f iif„ Atfh, iVturel, Cki(/:go. 41, 1934, 

t W. E. 1 ^ Gra ciart, in Thr IlypnikiiltHittit, Edinhuigh, 143*'. 
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campus and the fornix (p. io34). Hnti! recently regarded—largely on morpho- 
Logical grounds—as essential parts of the rhinenccphalon and therefore concerned 
primarily tvsih the sense of smell, they are now believed lo be ocmcerncd with 
general visceral sensibility, possibly influenced to some extent by olfactor)^ impres¬ 
sions. Experimental work involving the destruction of the anterior nucLeu:S of the 
tlialamus * has failed to confirm the association of the corpora mnmillaria and the 
anicrior thalamic nuclei with the sense of smelh and there is now a growing tendency 
to look on the former as the source of one of the main outflows from the hypo¬ 
thalamus to the thalamus and thence to the cortex (gyrus cinguli, p. 1048J. 

The tuber ciuereum b a sheet of grey matter which is situated between the 
corpora mamillaria behind and the optic chiasma in front. From its under 
surface, which is coveted by the tuberal part of the hypophysis {ride infra), a hollow^ 
conical process, termed the infundibulum» projects downv^'ards and is o:vntinuQUS 
w'ith the posterior lobe of the hypophysis. On each side the tuber cincrcum is 
continuous with the anterior perforated substance, but is separated from it on the 
basal surface of the brain by the optic tract- The part of the tuber dnereum which 
is related to the pars tuberalis of the hyoophyaia (sec below) b frequently termed the 
median emmenee. 

The region occupied by the tuber cinereum is much more elaborate in fishes 
and it owes its importance to its intimate topographical relattomhip to the mouth and 

Fie. S6S,—A median ugiltal seciinn ihrouf-h the h>Tioph>-iia cerebri of an 
adult mdnkey. Semi-djjtBiTiiiTJTiatic. tHening,) 
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gustatory by the olfactory sense in air-breathing vertebrates is accompanied by a 
reduction in the development of tJiis part of the hypothalamus, although several 
nuclei and commissural pathways have been described. It is in this region that the 
nen'us terminal is (p, 1093) is attached, and the fact that it contains sympathetic 
fibres is not surprising in the light of recent work on the hypothalamus (p, looq). 

The hypophysis (fig. 867)1 ^ ^ rcddisli-grcy* somewhat ovoid body^ measuring 
abiiut ]£ mm. in its transverse^ and 3 mm, in its anteroposterior diameter. It is 
continuous with the end of the infundibulum, and is situated in the hypophyseal 
fossa of the sphenoid bone, where it is roofed in by a circular fold of dura matc^^ 
termed tUcdiaphrngnta selicc t this fold is pierced by a small central sperture through 
which the mfundibuium passes, and it scparalts the anTcrior part of the upper 
surface of the h^pophj'sis frtvm the optic chiasma (fig. S67)- each sidei the 
hypophysis is related to the cavernous sinus and the structures which it contains 
(Pp S50). Inferiorly, it is sepatated from the floi>r of the fossa by a large, partially 
loculated, v'cnous siniis,i' which communicates freely Wiith the circular sinus. T he 
meninges blend with the capsule of the hjpi>physis and cannot be identified as 
separate layers tn the fossa. 

The infundibulum, which is directed dowmw^ards and forwards, contains a 


• K. S, Liflhley Bild R, w. Am jf. Phyiiot,, 139, 1943. 

f J. Brandcr, Lond., &6, 1932, 
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FutiricLehapi^ retesa from the caviiy of the third vcniricIcT and ia surrounded 
(fig;, 865^) by an up^vard cKicnsion from the anterior lobe of the gland. 

The hypophysis consists of an anlcHor lobe or udenohyftophysii and a posterior 
or fffirrrt/ lobCt which difier in their development and struelure (fig^ S6g). The 
oii^m'yr is the larger, anil is somewhat kidney-shaped, the concavity being 
directed backwards and embntdng the posterior lobe. 11 is developed from a 
diverticuluni of the rch>derm covering the roof qI the primitive buccal cavity or 
stumodeum (p. iKf}. The cavity of the diverticulum is represented by a nairow 
cleft or more freLjucnTly in the adult by a row of colloid containing vesicles, 'fhe 
portion behind the ckft and immediately adjicent to the posterior lobe is termed 
the piifi hiitrmrdia, ivhilsi an upward prolongation which surrounds the infun¬ 
dibulum and Covers the tuber cinereum is the psirs tubfrsilk ^ the remainder of the 
anterior lobe is frvqilenily referred to as the purs dhtsliSr 

The anterior lobe is very vascular and consists of epithelial cells of varying size 
and shape arranged in cnrd-like trabccuhcf irregular matfscs or alveoli separated by 
thin-walkd sinusoidal vessels and reticular tissue. The cells are of two main 
varicticSi the chromophit^ and chromophohr^ which are irregularly distributed through 
the lobe. I he chromophilc cells can be further subdivide, according to the 
staining properties of the granules in their cytoplasm, into the alpha cells with 
eosinopbilic granules and the beta cells with basophilic and generally fewer 
granules. The chmmophol>e cells are generally slightly smaller and either devoid 
of granules or containing pule staining granules in their cytoplasm; they are usually 
readily distinguishable from the chronnophile cells. 

The para intermedia contains small agranular cells with ' beta ' cells in the part 
immediately adjacent to the posterior lobe ; between these cells are small masses of 
coUoid material. The pars tuberalia is characterised by the laige number of blood 
vessels traversing it; between these are cords or balls of undifFcrejitiatcd eells 
and some small alpha and beta cells. 

The posfrthr is developed as a downgrowth from the floor of the dien- 
ccphalon and during early fteial Life contains a cavity coiitinuous with that of the 
third ventricle. In some animals (c.g., cal) this cavity persists throughout lifeh 
The posterior lobe, infundibulum and median eminence are frequently referred 
to together as the nruFtthyp^fphyns. Although of nervous origin tlie pos¬ 
terior lobe contains no nerve cells but consists of neuroglial cells and fibres^ per¬ 
meated by numerous fine^ mainly unmedtiUaied nen’e fibres from some of the 
nuclei of the hypothalamus. It is invaded by ccU columns which grow into it from 
the pars intermedia and embedded in it arc sii^ttcred masses of colloid substance 
hisiologically similar to that found in the thyreoid gland. In addition there arc 
cells which are peenhar to the posterior lobe and arc termed pituicytti, *rhcse arc 
variable in size* shape and other charadera and many of them arc provided with 
long branching processes or fibres which extend some distance from the cell bodies. 

The hypophysis receives its blood supply from the internal carotid artery 
through a superior and an inferior hypophyseal artery' on each side. 'Ehe superior 
hypoph^'scal artery supplies branches to the upper part of the iufundibulu.m and 
hypothalamus. The inferior hypophyseal arteries supply branches to the low^cr 
part of the infundibulum and "the posterior lobe ; these communicate widi the 
branches of the stiperior hypophyseal arteries** The arterial branches to the medi an 
eminence and infundibulum end in intricate tufts of capillaries from each of which 
the blood is drained by one or more efferent vessels which descend, mainly through 
the pars tubcralis to break up again to form the sinusoids in the pars distalis. 'I'hcsc 
vessels therefore form a h%^phv'SKil portal system and constitute the only afferent 
channels to the pars distalis,f I'he venous drainage of the hypophysis is by short 
vessels which emcige over the surface of the gland and enter the neighbouring 
dural venous sinuses. 

Both the anterior and the posterior lobes of the h^'paphysis produce a number 
of hormones. It would be out of place, in a textbook such as tbis^ to attempt to 
give a detailed description of their various actions: it will be sufficient to state 
that one of the hormones secreted by the anterior part, probably by the alpha 

• G* P* Xueirb, M. M. L. Prichard and F. M. Danich QiiitrL J, Exprr. Physitfl., 39, i «jS4. 

t G, T. Popa and U, Fieldinij, 7 - Ix^nd., 65, and Iiartiftff, a^ 115.30 ; J, D, Grtwi 

and G. W. Harris, J. Pftytt<d, loH, 1549. and G. Xurreb, -Vt. .M. L+ Pricluird and l\ hi. 
Donivl, for. irii. 
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colls, infiuencca giowih, especially of the akcktor ; others control the development 
and aciiviTV of the mammary, thy rcoiil and suprarenal plands. The posterior 

lobe pmdilcea hormones which raise tiie blood-pressure, regulate the outllow of 
water from the tidney (p* 1015 ), stimulate conirJCiion of the uterine rmiBculature 
and raise the blood-sugar. 

Applifd .dnafnmv-—New (fiowthsof the hyp^iphysis lead to it* enlarEcmcnt and to 
increase in *iae of the Sella turdca. Adenoma of the ' alpha ’ cells causes the raro 
disease of (irromegwfy. which is characterised by gtaduol increase in the sim u^e 
face, hands, and feet, with hcadaclie and often a peculiar type of blindness. This 
blindness is due to the pressure of the enliirBins hypophysis on the inferior aspect of 
the Optic chiaama {fig. 867 ). The pressure causes atrophy of the nerve-fibres coming 


FtC. 860.—A sectinn of the anterior lobe of a human hvpophj-sis tfecun a acetiqn lent by 
Dr, B, H- Snell), Stained w iih hamintoxylin smtl fosin. x 310. 
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from the tower nasal quadrants of the nrtin®, with Ute result that the patient Iom the 
upper temporal quadrants of his fields of vision while rctammg his nasal fields (hi- 
quadrantic hi^mianopi&U 


The o/J/ic i& described on p. 1015 s .t , 

( 1 ) Tlrt ciJfJrpribr piifl o/ ikt lattr^ithifi vtntficlt iS scpiiralcd from the 
thalamus above and behind by the hypothalamic sulcus; in front it adjoins the 
bminn terminal is which, although strictly a part nf ihe telcncephaloji, is iricludca tn 
the hypothalamus; taicrally ii abuts on the subthalamic icgmetital region and below 
an? the opiic chiasmn and tracts and the stnjciures in the inieipeduncular hi^, 
h will be romembered that those parts of the wall of the neural tufe which arc 
moat intimaielv related to the sulcus limiians in the apmal medulla and hiutn stem 
give rise to those groups of ntsrv'c-cells which are associated with visixral aciiviti^. 
ITie poaiiion of the hvpothalamk sulcus in the diencephabn strongly sugges^ its 
idemification with the sulcus limitsna i if this idcntificaiion is accepted, it will not 
be surprising ro find that in its immediate neighbourhood there develop a number 
of nnclei which are all intimstelv concerned with the viscera and vas-.motor 
apparatus. Further, the relationship between some of these nuclei and the hypo¬ 
physis is very intimate and the whole Hypothalamus is now generally regarded as a 
wmplex ncuroglandular nwchanism which is concerned with the regulation and 
co-ordination of visceral and vasomotor artivities. _ 1 » j c j 

Some of the nuclei in this region and their connexions are more clearly defined 
than others.* Covering the upper surface of the optic chiasina and the commcitcc- 


• For dsrtiU iwe R. W. RunMm. BuU. N'fv V’wA Arad, of AW., 1937, W, E JLe Grt» 
ctaffc and Othc™, Tht HypathuUmv,. F^dinburgh, i«6. and AV, R. Ifiifram, Htu P^L .^n, 
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mcnt ©f the optic tract is the tupraopttc nucf^ns ; above oJid incotnpfetcly separated 
from tt is the pafaventneular ftue/fus. 'rh«c: hw nueici are composed nf laree 
nem-cel!s and are characteristically very- vascular. In lower vertebrates ihev are 
repreaented by a single nucleus termed the prtt^fif: micleuf. 

Above the tuber cinctTcum and close to the cpcndvnia of the third ventricle is tlie 
uucltiu and, above it, the dorswneJiaf mvltui of the hviwthalamus. 
rhc$e two nuclei are not very clearly defined in the adult humnii brairi. Lateral to 
the ventrrjtncdial nucleus are smsll groups of celU which constitute the iiib^rai 
nueM. 

Afeve tlw m^illary body and caudal to the ventrimedial and dorailateral 
nuclei IS an ilt-dchned group of cells which constitutes \hc posterior nveteus of the 


Fic. »70 —Part of t median ugittal acetion ihuDueh rile biam. Compare 

with fia, 87J. 



hypothalamus. In front of and lateral to this are scattered cells which constitute 
uie laterttl tjuiUiu of tho hypothslarnuSv 

Intervening between the lateral and tubcral nuclei on the lateral side and the 
vcntromcdia!, doraomedial and posterior nuclei on the medial side are the fibres of 
rtc columns of the fomi*. the raamiilnthalamrc tract and the fttecicalus retmHexus. 
Between the most medially placed nuclei and the ependyma of the third vcntricie 

IS a system of fine nerve-fibres termed the/imren/rhrufor/ihrer 

AfTerem ner^e-fibrw reach the hypothalamic nudei from the tegmentum of the 
midbram, anicnor offactop* areas, hippocampus, mamiUar}' bodies, thalamus 
Icniiforin nucleus cetebra cortex. The afferent fibres from the midbrain are 
cained m the peduncle of the mamillaty body, 'fheae are believed to carrv 
spl^chnic afferent impulses from nuclei in the brain stem and fmm the spinal 
medulla. The fibres from the antenor olJactory areas are conve^ud in the medist 
;wrtroi)i* 4 wrf/f which passes backwards to the brain stem thmtigh the lateral nsEiona 
of the hjTOthalamu#, lateral to the fornix and mamillothalamic tract and amonast 
ihc cells of the lateral nuercus of the hypothalamus. The fibres from the ecrebrnm 
come from the corte.t of the frontal lobe, many of them reach the hvpothalamus 
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direct but a few are believed to relay in the medial nucleus of the thalamus and 
reach the hypothalatniis through the periventricular &>istetTi. 

ElTereni fibres from the supraoptic^ paraventricular and cttheral nuclei pass 
through the tuber cineieum and the stalk qf the hypophj'sis to terminate mainly in 
the pjjstcrior lobe of the hypophysis. Some may project into the pare tubemhs and 
pars intcrTnedia. The nature and precise li;>Qition of the nerve terminals in the 
posterior lobe of the hypophysis ia in doubt but it has been suggested that many 
terminate close to or on the walls of the blood vessels. Efferent hbms also pass to the 
medial nucleus of the thalamus in the periventricubr system and to the anterior 
nucleus in the mamillotlialaintc tract. There are several efferent pathways to the 
brain stem—through the posterior pan. of the periventricular system, through the 
diffuse system of fibres which permeates the hypothalamus and is continued 
caudally to the midbmJn and along the rnamillolegmcntaJ tract and the mcdjsl 
fotebrain bundle.* 'Hie descending fibres from the posterior part of the peri¬ 
ventricular system pass venlfal to the posterior commissure* cerebnil aqueduct and 
fqurLh vcniricic as the dorsal iongitudiiud fasciculus (of Shutz). Impulses to the 
brain-stem pass to the reticular fujirmtion and arc believed to descend* with many 
rdaj's* to the spinal ntedulla. 

The hypothalamic region contains important centres controlling the autonomic 
nervous system. The parusyTiipaihctic centre is believed to be situated in the 
anterior and luheral parts whilst the sympathetic centre is situated posteriorly^ 
These centres arc believed lo be under the inhibitory' infiucncc of the cortex of the 
frontal lobe particularly in the regions which lie above and around the rostnim of 
the corpus callosum. When this inhibitory' influence is abolished in anim^li, by 
deatnjctton of this area of cortcK, a condition of * sham rage * results in which the 
animal readily exhibits outbursts of rage.f 

't'hc supraoptic* tuheral and possibly the piravcntricular nuclei arc eloBcly 
associated witli the function of secretiiin of the anti diuretic hormone by the pi^- 
tcrior lobe of the pituitary. The precise nature of the interrelation between these 
parts is not clear but jt has been recently suggeaied that these nuclei in the hypo- 
thaEanuis are sensitive to small changes in osmotic pressure and may act as very^ 
senaltive osmometers. Destruction of the supraoptic-hypophyseal ner%'e pathway 
results in the condition of diabetes insipidus.f 

Clinical observations and eKperiineoial lesions in the hypothalamus show that 
this region is also closely connected with the contml of fat and carbuhydrate meta- 
boh&m, heat regulaiioOp sexual activnijea, and sleep. Clinical lesions, tumours or 
encephalitis lethargica of this region may thctcforc result in adiposity, hyper- 
glycnrmia, hyper- or hypothemia, sexual disturbance and disiurbancc of the sleep 
rhythm. The precise localisation of the controlling centres in each case is not 
know n and these disturbances cannot as yel be associated with specific nuclei. 
Optic chiasma.—-'ITe optic chiasma (fig. 1364) Is a flattened, somewhat quadri¬ 
lateral bundle of nerve-fibres situated at the Junction of the anterior waif of the third 
ventricle irith its floor, Its antcrolateml angles are continuous with the opric nerves^ 
and its postcrolaicral angles with the optic tracts. The lamina rerminalis (p^ 1019) 
13 attached lo its upper surface and is crossed, just above the chiasma, by the anterior 
communicating artery, rnfertorly the chiasma rests on the diaphragms self a? just 
behind the optic groove of the sphenoid bone, and is thus in close relation to 
the hypophysis (fig, Efjstcriorly it is related 10 the mber dncrcum and the 

infundibulum below, and to the third ventricle above. Laterally it is related to the 
termination of the Internal carotid artery and the anterior perforated substance. A 
Small recess of the third centricJe, named the optic rcccss, passes dowTiwards and 
forw’ards over its upper surface as far as the lamina terminalis (fig. E67J. 

Most of the fibres of the opde chiasma take origin in the retina and reach the 
chiasma through the opiic nen^cs. In the chiasma the fibres Irom the nasal half of 
each retina* including the nasal halfof the macula, cross the median plane and enter 
the optic tract of the opposite side, while the fibres from the temnoral half do not 
cross but pass backwards in the optic tract of the same side. The macular fibres 
from both eyes form a bundle, flattened from above downwards, which occupies the 

*■ S. \V. RikJiAH>n and H. W. Murouh, Ergfbrt. Phy^ol., 41, 

+ P. Hard flnd V. B. M. .\fuunrrattle. Pff.PuhL .-fu- StriK Mem. />m., ay, 

I Fnr ilrtKiltc Bjvd full liai of refercope* Hfv C. W. Hsrri^^ Vmfrot ti/ ihc Pituifary 
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ctjitra! part uf the chiasma add bepanjites the lower nasal quadrant fibn»—which lie 
in the lower part of the chiasnia—from the upper nasal quadrani 6bnEa—which 
lie in the upper part of the chiasnu> Donaai to and nithio the optic chlasma ate 


Ftu. ^71-^—A inm^ of ihc tcmnej£.idni of the optie oerv^ and optic 

mctt. ami the path of the li|[hi rcflnx:. 



bundle* of fibres which arc not derived from the omic nerve and form no pari of the 
visual pathway. Although these arc termed* collectively, the supraoptic eommia- 
aurea* they are not really <:0iniiiJ9auTcs but decussations. One of these is the 
itmirtiisurf o/ GWdirif, which v™ formerly* but tneomretJy, believed to miinect the 
medial geniculate bodies of the two aides. Its connexions are not fully knoun hut 
evidence, from work on animals* suggests that its fibres arise in the bram-scem and 
spinal medulla ;• its existence* in man, is denied by some autlvoriiies.f 

OptfO tracts.—The optic tracts (figs* 864* 871 and 875) are continued backwards 
and larerally from the posterDlateml angles of the chiisma. Each passes between the 
anterior perforated substance and the tuber cincreum, fom^ing the anterolateral 
boundary of the interpeduncular fossa. The tract becomes flattened and winds 

* P. Glceip J. Lond.K 78* 1^44, and Chnria and T, C* Eueb j, Anat^ 

11>. Ijfmlli -lirafowv NfFvvwSyU^, 3 nd Editlofi, New York, 1951. 
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round the upper part of the cercbial pcdtinctc, to which it sidhcfes clodcLy. In this 
p&rt of its oouTse it is hidden frotB vkvr on the basal surface of the brain by the unfni$ 
and the parahippocampd g)Tua+ Reaching the lateral geniculate body it divides Into 
a mediid and a lateral root. TTie medial root comprises the fibres of Gudden's com- 

F^Or —A diaaram it> iSow the projection of the viniid fkidt (1) on the rettnie 

tKe jitml i^cniculAte bodies and the striate sms of the occipElal oorfex 
(4>. (Modified from S. Polyak, AWicaficwir in Univ^ of Cslifomi* 

PrestH) 




Dsr^ET ibwic* tn itMd for tbsimcnIp-mH tihl Hfthm ^hfihlH feir the 
Ih* pcriptMnJ ictirtL Tbe pewt^Atetw^ vltflH on; itw ■wpal iid# n|t wch rvdtta f Bf* dEf^fWttlllF 

iht twn mUoi : itHv wtmiud itiiii nK^iociiier irid4n «nlir. 'fbt corripiHrrMikia curtii^ Bm (fir 
nwi9P4l«f viiiM Bre «>ibMro ^ diA liuinH tmiik but nmf Ih Rs^rdMt t» Henewhsa tpKultdvc. 
Tki* Hrmu* mtfjnt* Ihc pM^ of th* ftbra in thd «fKic chwime- Unit ihe Ahm fr^cn p<»npn£rBl 

pATta Of me rmtHB pK>iket n> it>r whoJa WHilh of th« cdl Umifte ih tlw HMrfSl ihlrd of itif ifcnKiiliirB 
bfldf, but <xnii4t N ilwwn fewer 


niissure. The lateral root consists mainly of alfcnent fibres which arise in the rctJnt 
and imder^ partial decussation in the optic chiasma, as already described, hut tt also 
contains a few fine effcreni fibres which arc pa^ng forwards to tenntnate in the 
retina. Most of the fibres of the lateral root are found to end in tiie lateral geniculate 
body (p* toofi), hut some sweep itiediaUy bdow the piilrinar and gain the sifpcrior 
coJUcuius and the pretectal nucletis (p. 997)^ Now fibres arise from the ncr%^-cel& 
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in the literal gcniculitc body, and pass through tht posterior lirnb of the intenml 
capsule, Emerging from the capsule aa a broad bundle icmted the opWc radtGtwn^ 
the fibres of the second visual neunDnes eun'e backiivards and medially to reach the 
cortege of the o<xipiEal lobe of the cen:hruin+ where the higher or cortical iirisual 
centres arc situated (p- 1045)* On their way they arc separated from the poaicrlor 
cornu of the lateral %^entrick only by the tapetum of the corpus callosum^ 


Fin, B73. —A mcdiiin Utflitml icecion I htough the brnill. 



rjrtwj' iwfAfrtf nriw 

rttripiiii 

tukut 


Sfeim 

iS^apifmMt pw«ii iffikirA vfninri^ 


iniwTTtiitTituIirfsnrfMn 


j f*l#«iTHir 


CvInn'Mi' tificu 4 




vpfttiirr 
JomHM w^mMeU 


\ idJwirtii fmutPNi/j'j 
Optk^dtiuMms 


ITie pii ttittter, where dii'idcd, ia ihawn in j«/; iht* h fchown in 


Some of the fibres in the optic radiatiun take an opposite course, arising from the 
cells of the occipital cortex and passing to the superior Gollioilus, w^htch therefore 
receives cortical in addition to retinal fibres. From the superior colliculus new 
fibres arise and travel by I he tcctobulhar and tectospinal iracta to reach the nudei 
of the third, fourth, sixth and eleventh cranJoJ nencs, and the anterior grey column 
of the spinal medulla. The superior colliculus constitutes a lower visual centre 
which is concerned, through its cortical fibres, with the reflex movements of the 
head and eyes which occur in response to visual stimuli^ 


The Third V'ent^icle 

The third ventricle (figs. 859, 870, 875). which b the derivative of the vrakle 
of the primitive forc-bmln, m a me^sn deft berween the two thaJami. Behind, it 
communicates with the fourth ventricle through ihc ccrebnil aijiieduct, and in front 
with the lateral ventricles through the interventricular foramina. It has a roof a 
floor, an anterior and a posterior lioundaJr>% and two lateral walls 

The roof (fig. S70) b formed by a layer of ependyma which stretches between the 
upper edges of the lateral w^lb of the cavity and is coniinuDus with the ependymal 
lining of the ventricle. It is covered by, and adherent to, a fold of pia mater, named 
the tela chorioidca of the third ventricle, from the under surface of w hich a pair of 
vascular fringed processest named the chortotd ptfxtaes 0 /1 hr third Tentricle, project 
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dowrt^^ arJs, one on each side of ihc mcdbri planc^ and invaginatc the epilhelial roof 
into ihc ventricular cavity ffig. 

The jfftwr (fif?. 873) slopes do^vnwafds and fonvards and is formed mainly by 
structures which belong to the hypothakinua; from before backwards these are: the 
optic chiiismap the infundibulum and tuber cincirump and the corpora mamiltaria^ 
Behind the last^nanted, the floor is formt'd by the posterior perforated substance and 
by the tegmenta of the cerebral peduncles. I'hc ventricle is prolonged downwards 
into the infundibulum as a funnel-shaped recess, termed the iii/ufNifbuta/ reecrf* 
The hypophysis is attached to the apex of the Infundibulum. 

I’he aitfmor honrnfary {fig. S73) is constituted below by the himtna ffrmiiiaiU\ 
which represents the cephali e end of the primitive neural tube. 11 forms a thin laycf 
of grey matter stretching from the upper surface of the opdc chiasmn to the rostrum 
of the corpus caltosum^ In its upper part the anterior boundary is formed by the 
cohimns of the fornix^ which diverge as they pass downvv'aTds and sink into the 
lateral wulls of the vcmriclcp and the anterior commissure (p. 1055)1 which crosses 
the median plane in front of them. At the junction of the floor and anterior wallp 
immediately above the optic chiasma^ the ventricle presenis a small angular recess or 
diverticulum^ named I be of>tic r^tess. lie tween the columns of the fornix, and above 
the anierior icnnmissurep is a second rccessp sometimes termed the vufm. At the 
junction of the roof wiih ttic anterior and lateral wall of the ventricle is the inter- 
ventricufar faramrn, through which the third and the lateral vcnlriclc-s communicate 
with one another, k represents The site tif tlie original diverticular outgrowth from 
the tdcnccphaton which forms the cerebral hemisphere, and is rclaiivcly large and 
circular in a 10 mm, human embryo. In the adult, however, it is reduced to a 
somewdtat crescentic slti, hounded in fitmt by the curving column of the fornix and 
behind by the convex anterior tubercle of the tbalamusp 

I’he ^xsieriur hifundiiry {fig, 870) isconsiiluted by the pineal body, the posterior 
commii^siiri: and the cerebral aqueduct. A small recess, named the ptneaf rfCwJ, 
projects into the slalk of the pineal body, whilst in front of and above the pineal 
body a second retessH named the suprtipineai recess, consists of a diverticulum of the 
epithelium which forms ihc vcnlricular roof. 

luteli lutenil zcitll cousisis of an upper portion formed hy the medial surface of 
the anterior two-thirds of ihc thalantus, and a luwcr formed by the hyp<ithaiamus 
and continuous with the grey matter i>f the ventricular These Xwq parts arc 

separated from each other by the hyfmrhnlamie suieus, w hick extends from the inter¬ 
ventricular foramen to the cerebral aqueiluct, but is not always an obvious feature. 
The hypothalamic sulcus can be regarded as dividing the dicnccphalort into two 
main parts. Above the sulcus is the pars dctrsiiHs diefteephali consisting of the thala¬ 
mus proper and the epithalamus. Bclow^ the sulcus is the p<irs i^entraUs ditricephaii 
which coriBiats of the hypothalamuB,* The lateral wall of the third ventricle is 
limited above by the ridge covering the stria medullaris thalami (p. looi). The 
C(dumns of the fornix cunx downwards in front of the interventricular foramina, 
and then run in the lateral walls of the ventricle^ where, at first, they form distinct 
prominencesp but subsequetuly are Inst to sight. The lateral walls arc Joined to each 
other across the cavity of the ventricle by a band of grey nvattcr, named the mr^r- 
thalamk <idftesioji (p. loot). 'llic hypothalamus has been described on p. 1013. 

The interpeduneular fossa 824, S75)*—^This is a somcwlial lozenge- 
shaped area of the bast of the brain, limited in front by the optic chiasiTUip behind hy 
the anierosuperior surface of the pons, antefolaterally by the converging optic tracts 
and posterolaterally by the diverging cerebral peduncles. The structures contained 
in it have already been described ; from behind fonvards They arc the posterior 
perforated substance fp. 10to), corpora rnaniillariap tuber cincreum, Infundibulum, 
and hypophysis (p. ton). 


THE TELEXCEl^IIALON 

TritriKluctory.—The expansion of the telencephalon and the development of 
the two cerebral hemispheres have already been described (p. T38). In the most 
primitive vertebrates the anterior part of each ccrebnil hemtsphert is constricted to 

* W. E. fjs C™ Clark, Braiit^ S 5 ^ lOJi- 
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form the offiJiCtoty tobr^ which may become d mwii forward* into a dilated extremity^ 
termed the ^rifactory buib. The latter is connected by a hollow named the 
tft/aclory rrurr, to an elci;^tiDn on the wall of the hemisphere, termed the tiif&cfory 
tubercU, 111 the basal part of each hemisphere a large nucleui b formed which 
derives itsaflerent fibres from the olfactory lobe and from the thalamuSp and sends 
Its efferent fibres to the brain-stem and the spinal nteduha. This basal nuckua is 
termed the and it eonsiiiutca a centre where impulses from the 

olfactory hulb and the thalamus can he m-ordinated to influence the appropdatc 
response. The remainder of the wall of the hemisphere constitutes the fmilmm or 


Fig. £(74.—fkhEfOfttke irprrKntSEioni of the crrebnil bcimaphcre of n turllop after 
Elliot Smith,^. Anat., l.ond. 53^^ 191^^ {!) Lateral aurfan; {II) Mcdkl iurfa« j 
(III) CorontrKction through I sml U in th« plsoc X V/ 



. ira I. H.F., hippomptl fmuUm * l*niirti t^jnmltp r N iraMtlJiun ■ 

wm^rn 3 U time*; OM., tniPt^ n d.T., eUictwv Uibicit ■ 


mantle, which, in higher forma, becomes ehborated and expanded in a very re¬ 
markable manner* ^ 

In the lowliest vertebrates the pallium shows very lUtle diflerentiaiion and it is 
merely a conrclation area for gusiaioiy impressions* which ascend from the hvpo- 
thalamiis* and for olfsctoi^ impressions* which stream into it from bgih olfactorv 
lobes* Fibres from opposite sides ctosa in the lamim tcrminalts and represent the 
oldest commissures oi the fore-brain, vix.: the antcrinr commlsaura and the 
commissure of the fornix* 

In The reptilian brain (fig. 874) the pallium has undergone partial diRerentlalton. 
On the medial w^ll of the hemisphere, immcdiarely above tlic intervcnrricukf 
foramen, the hipfitjcampal isrstablished and fiinjorm mtt U laid down 
on the laierul ■ivall* immediately adjacent to die pahecwtriatiim* The p rifnrm area 
neoeiveg axons of the Secondary <ilfactary neurones* which run from the olfactory 
hulb m the lateral surface of the hemisphere. New fibres from the ihabmus invade 
the telencephalon and reach the pallium along the dorssd and ventral margins of the 
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pirtfcrm area. Those on die ventral margin preponderate at first, and die cells of 
the pallium in this situation multiply and grow centrally towards the cavity of the 
ventricle^ in which they form a sul^tantial iongitudinal ridge. This ingrowth con- 
Etitutes the neoitriiilum, which lies dorsal m die palftostrintum smd intimately 
related to it Prior to the invasion of the telencephalon by thalamic fibres the w'holc 
behaviour of the animal was dominated by olfactory' impressions, but after its 
invasion by fibres conveying gustatory, visuih tactile and other forms of sensibility^ 
modifying inHuences are introduced^ and ii l^comca imperative that the activities 
of the paleostriatum—whatever they may be —should be regulated and^ when 
necessar)’, inhi bi ted. Th is controlling action seems to be exerted by the neostri atum* 

At the sanie time other thalamic fibres reach the pallium along the dorsal and 
headward borders of the piriform area, and the cdb in this situation increase enorm¬ 
ously in number^ and constitute tlse fttopnlh'um, as distinguished from the cortcJt 
of the hippocampal formation and the piriform area, which make up iht ardfipaHium. 
'l*he cells of the neopallium lie betw^cen the hippocampal formation on the medial 
side and the piriform area on the lateral aide. 

In mammals the neopalLium grows and expands, and io microsmatk animala, 
such as man, a part of this increase is aceornpliEhcd at the expense of the archi- 
pallium, which Is partly relegated to limited areas on the medial and basal surface^ 
of the cerebral hemisphere and is partly overlapped and buried. With the appear¬ 
ance of new Sensory centres in the neopallium, the simple movements, which in 
lower vertebrates are initiated by the optic InbCp are insuffident to meet the de¬ 
mands and higher motor centres are therefore established in the neopalhum for the 
control of the movemefUB of the body. These motor centres are closely connected 
to tile sensorv' centres in the neopallium, and as these connexions increase in 
number, behaviour becomes less and less affccied by olfactory'impressions and more 
and more infiuenced by other forms of sensibility. 

At first I he higher sensory centres laid dowti in the neopallium adjoin one 
another, but they gradually bcoomc separatctl by the devclopmcfit of assoeiation 
areas, in wd'itch at first visu^^ olfactory and gustatory impressions can be correlated. 
The internuumnai connexions between the sueas which arc predominantly con- 
cemeci with these different forms of sensibility provide the mechanism for the 
registration of past experience, and so benefit the animal in its pursuit ami selcciion 
of food and in many other ^vays. Its movements^ therefore, beoime more purpoEive^ 
and a plastic element is introduced into its behaviour. 

The addition of higher auditory centres and the expansion of the somesthetic 
centres arc accompani^ by the appearance of new associatiort areas, all of which 
become linked up with the motor centres as well as with the pre-existing sensory 
areas. A& the ncopallium expands for these purposes behaviour becomes 8till more 
purprsBive and plastic. 

The association areas have reached a much higher degree of expansion in man 
than in his nearest relatives^ the anthropoid apes, and it is this feature in the structure 
of the human brain that has rendered possible the complexities of the intellectual life^ 

The earlier stages of the expansion of the ncopallium arc the result of the 
process of f^ifneephniisathtti by means of w-hieh higher centres are shifted forwards 
into the end^brain. The best example of this process is the appearance of the visual 
cortex in the occipital lobe, w'hich takes over the higher visual centres formerly 
situated in the optic lobe—superior colhcuLtia of the mid-brain. 

Parts of the tdencephaian.^—llir tdcnccphalon includes: (i) the cerebral 
hemispheres, the commissures which connect them, and the cavities which they 
contain, and 1*2) the anterior parts of the hypothalamus and of the third vcntriele 
(already described on pp. 1009 and ioi 3 )p Each cerebral hemisphere consists of an 
outer kycr of grey matter, termed the roz/'rx, an inner mass of white fibres^ and 
certain hurled hiisai ffurfn'. The cortex mav further be subdivided into the deriva¬ 
tives of the neopalltiim and of the srehipallium. T'he latter, with certain outlying 
Structures such as the olfactory bulb, constituteE the rhifiencrphnloiK 

Tile Chiebhal Hemispheres 

Tim cerebraJ hemisphere form the largest part of the bram, and, when view^ed 
together from above, asEume the outline of an ovoid mass broader lie hind than in 
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frontp ihc greatest tnmsverae dinmeter corresponding with u liisc connecting the tycn 
parietal tiiberosidea^ The hemispheres arc incompletely separetted hy a deep mediau 
deft, named the ierrbral fissufe, and each possesses a central cavity^ 

termed the inf era f vealriefe. 

The longitudinal fissure of the cerebrum contains a sicklu-ehiiped p^cx^e£s of 
dura mater, (earned the faix cerebri^ and the anterior cerebral vessels. In front and 
liehtriil, the fissure completely separates the cerehral hemispheres from each other ; 
in tl'ke middle, however^ it only citcnds down to a great central %iliite comimissure, 
named the carpus oj//ojuin* ’^vhich contjccts the hemispheres across the niedian plane. 


Tim SiififACES OP THE Cerebral hlEMispiiEE^ 

l^ch cerebral hemisphen; presents three surfaces : convex, media!, and basal* 
■f'he {stipcfotutfrat) mr/uce is ailaptcd to the concavity of the corres¬ 

ponding half of the vault of the cranium. The mciihtS jurface is flat and vertical and 
ts separated from that of the opposite hemisphere by the Longiludiiial Insure and the 
falx cerebri. Tlic inisul surface is of an irrcgulur form, and may he divided into 
two parts : orbital and tentorial, 'llic orbital part, formed by the orbital surface of 
the uoniaJ lobe, is cuncavTi and rests on the nxi fs of the orbit and ncise ; the tentorial 
part is edneavoconveXi and consist^ of the undersurface of the temporal and occipital 
lobe* : ootcroIatcraU y it is adapted to the comespoiiding half of the middle cmnlal 
fossa i postcromediidly it rests upem the tcntoriuni ccrebclli, which interv'cncs 
between it and the upper surface of the cerebellum. 

I'lic three surfaces arc sepamted by the following borders: (ir) supcromcdial, 
between the convux and medial surfaces; (ft) mfcraiairral^ between the convex 
and basal surface* ; the anterior part of this border separates the superolateral 
from the firhita] surface of the frontal lobe, and is known as the superah'afy border ; 
(c) mrtiiiii occipisai^ heiwccTt ihc Icruorial and medial surfaces; and (d) mrdiat 
orbital^ separating the orbital from the medial surface. I'hc anterior end of the 
hemisphere is named the franiai pate - tfte pt>sUTior» the occipiial pale i and the 
anicrinr end of the temporal lnl>t, the iempnrat pair. Aliout 5 cm. m fttmi of tlic 
occipiial pole on the infondateral border there is an indentation or notch, named 
tlic pTe^dpitaf notch.. 

A paramedian line, drdwn^ from a point a litilf above and lateral to the inion, 
forwards to a point just above and bt-end to the nasion, comespontb to the supero* 
medial margin. The superciliary border follovvs the cutv^e of the eyebrows at a 
slightly higher level os far as the zygomatic process of the frontal bone and then 
ascends to the pterion. TIk tmiporal pole can he indicated on the surface of the 
head by a line drawn, with a forward convexity, from the pterion to the middle of 
the upper border of the zygomadc arch, and this line continued backwards just 
abwe the zygomatic arch and crossing the auricle a little above the external auditory 
meatus correspunds to the iofcrolatcrol margin of the hemisphere, which then 
curves downwards to teach the posterior end of die supromediol liordcr(fig. 754). 

The surfaces of the hemispheres are mohdded into a number of irregular 
eminences, named or convoiuii&ns^ and separated by furrows termed tu!cL 
The irregular character of the surfaces of the cerebral hemispheres Is a very 
prominent feature* bni it must be temembesed diat up to ike end of the fourth 
mondi these surfaces arc smooth and unbroken, like the suifaccs of the bniins of 
reptiles and birds. I'hcnrafter localised depressions become apparent, and they 
deepen and extend over the surface to fcirm the sulci. Kach sulcus corresponds to 
an infolding of the cortex Sfj that the total amount of my matter is nearly thirty 
limes as much as might have been inferred from the surface urea of the hemisphere* 
In certain situations the sulci dtvetop along lines separating areas which differ from 
one another in the details of their microsenpEC structure and therefore probably in 
the functions which they predominantly subserve.* Such sutri may therefore be 
termed sulci, since dicy establish the littnts of certain runctioiui] areas. The 

central sulcus is an admirable example of a limiting sulcus, for it is set between two 
areas of cortex which differ in thickness so notably that the difference can be apprt- 
cimed with the naked eye (fig, In iilbcr situationa auki dcvcloj) in the long axis 

of a rapidly growing homogeneous area and arc termed axial sulci. The posterior 

* W. h. LrC Crof. Cbrit in Eiu^*i am Grmoth aftd Fnrm, Oxfnrd, 1^45- 
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part o( thi* caJcariirie i^alcus is f^iliiatvd in the centre uT the sttEsite AtC'A of the cortex 
und is related t>n both sides to the liijjber \ hnA\ centres. In uthef situadons^ again, 
]i so Ecus may be situated between two surface uriMS of cortex which arc siruciuralfy 
ditferent, bu[ Its lip aiid not its door may form the dividing line between the it^o 
area9+ tn these cases a third ares is present in die viiill of the sukus and dues nut 
appear un Hie surface nt alL Such a sulcus is termed an oprrculaied mlcm, and tills 
type is represented in die human brain by die lunaie sutcus^ w^hich separates die 
striate from the pcrktrlate areas on the surface and contains in its wall the sub¬ 
merged pa™triate area^ which really intervenes between them* 'Jliese three 
varieties include all tiic sulci which dev elop on tlie surface of the brain, with the 
exception of the Jatend sulcus and the parieto -ciccipital sulcus. The former js the 
result of tile slower expansion of the cortex of die insula and its consequent sub- 
mcraiiTn by titc adjuining cortiraJ m-as. whicli eventually cumc into contact wStii 
one unatber so m to delimit the ]lateral sulots. The latter ja brought about subse¬ 
quent to the development uf the corpus callosum. The poatcrior end of this great 
conimii^urc has to convey not only the hbrts ffoni the occipital portions of the 
brain but also a large nuinljtr of fibres from the tcinporal portions. As a rcsiilip a 
number of smaller axial and limiting sulci beetime crowded lOgcther and some of 
them become buried within the w'alls of the paricto-occipital sukus. I'hese two 
are rKilJy secondary' sulci^ since their f>ccurrertce depends on factors other than 
exuberant grovvth in clfjsely adjoining areas. 

Some of the sulci w'hich indent the hemisphere are deep enough to produce 
corresponding elevalions in the walls of the lateral ventnclas. 'Fhe anterior part of 
the calcarine sulcus, which pmduces the calcar avis of the posterior hornn and the 
collateral, which produce® the collateral eminence in the infenor hffrn, art therefore 
termed iompiflr niia\ Tliure is, lioweverfc no special morpl>f*lcsgicjl or functional 
significance to be aitachcd to the fact that while some sulci arc complete others are 
mcomplctc. 

The gyxi and their interv ening suki arc fairly constant in their Eurangcincnt; at 
the same time they vA^y within ecrtain limits, not only in different Individuals, but 
in the two hcniisphercs of tlic same brain. Tilt convoluted condition of the surface 
permits of a great increase of the grey matter without the sacrifice of much additional 
fipacc» and the number and extent of the gyii^ as well as the depth of the interv'ening 
furrows, appear^ wittim broad limiuf, to bear a direct relation to the intellectual 
powers of the individual. 

At diis stage a brief surv'cy must be made of the topographical anatomy of the 
terebml hemispheres, before the struct ore of the curies and the functional signi¬ 
ficance of Its venous artiis can proHiably be diaeussed. 

The convex {supcrolater^} surriiee of the cerebral beittispherc (figs. 87b, 
877)^—11 is cunvcnienl for ease of description and for ease of reference to separate 
this surface into u number of lobes, but it must he lemembcTud that this subdivision 
b purely one of convciiienee and iKnt the bt^cs do not precisely correspond in 
surface extent tcMhe cranial from wliich their names are derived. Two sulci, 
vtXh the lateral sukiis and the centr^f ju/eiu, take a large part in foirning the boun¬ 
daries of the lobes into which this s^irfncc is divided. 

The lateral sulcus {figs. 875 and 37b) is a deep deft situated on the inferior and 
late raJ surfaces of the cerebral hemisphere. 1 1 consists of a short stem which ends by 
di viding into three rami. The item commenees on the inferior surface at the latent! 
angle of the anterior perforated substance and extends lateral!v between the orbital 
surface of the frontal lobe and the anterior part of tl« teniporaJ lobe* it is occupied 
by the free posterior border of the lesser w ing of the sphenoid bone. On reaching 
the lateral surface it divides into anterior horizontai, anterior ascending and posterior 
rami. The ftftfmtfr runs tiorward for 2-5 cm. or Icsi into the Inferior frontal 
gyrus, while the ascmding fisntm runs upwards for about an equal distance into ihc 
same gyms. 'Ehe /w/mW rftmm is the longest division. It courses kick wards 
and slightly upwards acttuss the lateral surface for about 7 cm. before turning 
upwartk 10 end in the parieial lobe. 'iTie floor of this sulcus is formed by the limen 
tnsulfc and the insub, and it cotiduels the middle cerebral vessels from the basal u> 
the btenti aspect of the hemisphere. It om lx represented on the side of the head 
by a line drawn backwards and slightly upwards for 7 cm. from the pterion and then 
curving upwards to end under the parietal eminenccp 

The central sulcus (fig* Syfi) commc?nccs in or near the superomedial margin 
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of the hcmiiphcre a little behind the mid-poini between die froiiia] and ocdpital 
poles. It runs sinuously downwards and Forwards and ends a Jitde above the 
posterior ramus of the lateral sukus, from which it ts alw'ays separated by ait arched 
gyrufl. The ^neral direction of the sulcus makes an angle of rather less than 70* 
with the median plane and its lower end lies 5 cm. vertically above the prc-auricukr 
point (fig- 754). 'ITie central sukus is a good eirampk of a typical limiting suletu, 
for it develops alan^ the line which separates the motor area of the cerebral eortca 
from the somesthetic area (p. t044). 


TlO. 375+—The hamc of ihe brdin. 
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WTicn the tra[ eul^s Ja opened up, the opposed walls pfie found to be marked 
by a number of *mall gyn whkJi tnierinck with one another after the manner of gwire 
m m«h, and arc therefore termed hittrlotkiHg gyH. This arTangcmcnt provide# 
additional cortic^ my matter without any corresponding incretse Lq tlie surface 
me hmutphere. Another feature is brought to light by opening up the 
ulcus, i ne nwr is not the same depth throughout its whole extent, for a little 
the middle of the sukus its ivalb arc usually connected to each other by a 
buned, transverse gyrus. The estplaaation of this condiu'on is found in the mode 
o evelopment of the central siiicus» When it makca its appearance in the sixth 
month. If does to in two distinct portions, an upper and n low^t, which are at first 
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separated by a transverse gj-nis connecting the precentral convolution to the pwi- 
ccn^l. I he twvi parts occasionally remiin separate, but as a rule they run into 
each Other, and the gyms becomes buried as a dftp Iranstihml 

The anterior part of the hemispbert ia termed the froAtal fobe^ and ii com¬ 
prises the whole of the area which lies in front of the central sulcm and above tlic 
lateral aulctis. It is limited dbo^e by the auperomedial and betow' and in front by the 
stipcrcdian' margin of the hemisphere. 

The lateral surface of the frontal Jolw is traversed by three sulci which divide it 
mtn four ^ri. ITh firtccntrul su/cut runs parallel to the central guk-us, and b 
reparated (ram it by 1 be precentral gyrus. 11 b usually divided inta upper and low er 
parts, but the iwo may be eon^uenti Tlie tuperfor froniat suk^as mns forwards and 
dow-nwards from about the middle of the upper part of the pmccntral sulcus, while 
the in/mof frorttal jw/mr mns parallel to it at u lower level, llie portion of the 
fmniLl lobe which lies anterior to the precentral sulcus h thus divided mto the 
aupenor, midtile and inferior frontd gvit. 

1 hcprecenrrfiri^v/ujp which ts bounllcd behind by the central sulcus and in front 
by the precentral sulcus, extends from the superomcdSal border of the hemisphere 
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to the posterior ramus of the late ml sulcus^ Its large pyntmidal cells give origin to 
some of the fibres of the important corticonuclear and corticospinal (pyramidal) 
motor tracts fp^ lo+r). 

The f up fnt}r frontal gyrus lies above the superior fmntal sukus, and ia continuous 
over the supcromedial nm^gin of the liemisphert with the medial frontal gyrus on the 
medial surface* U is more or less completely subdivided into upper and lower 
portions by the paramedian sulcus whicn, however^ ia fpcquentlv interrupted by 
bridging gyrl 

The midJft frontai gyntt lies between the superior and the inferior frontal sulci. 
Its surface is broken by two or three small suld which together constitute the mddU 
frontal sufem. I^ions of the posterior part of this g>Tus result in interference ivith 
conjugate movements of the eyes (p. 104^). 

The ift/mor frontalgynu lies below the inferior frontal sulcus and ia invaded by 
the anterior and ascending rami of the lateral sulcus. 'Hie areas grouped amutid 
these two rami constitute Broca'^ ana and are associated with the motor element of 
speech (p. ro+j). The portion lying below the anterior mmus is termed the prirr 
orbitaiu^ and it curves round the superciliary^ margin to gain the orbital surface of 
the frontal lobe, 'fhe portion between the useending and the anterior rami is 
termed the pars fnanffularis, while the portion lying behiud ilic ascending rjtmus 
forms the pars ifprrculans (posteriar) and is continuous behind with the lowest part 
of the precentral gyrm. 
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Fig. 377-^'Fhc Eupcn>bteral iur- 
£fi^ of iht left ccrtbffl! bcfiti- 
vphcri^. Superior wpeCI. 


The temporal lobe lies below the lateral sulcus. Behind, it is limited by aii 
arbiirarv' line drawn fft>m the pTeoccipital notch {p. 1022) to the pa^to-oecip;ta 
miens, where h cuts the supefomcdial margin about 5 cm. m front of the (MipUal 
pdc. The lateral surface of the temporal lobe is dii idcd into three parallel gyn 

^ The luperioT irmporai su/eiti begins behind the temporsL pole and backwards 
and slifihtly upwards parallel to the posterior ramus of the laierd sulcus. Its 
posterior end curves itpw^ards into the parietal loht. The infmoT tempijral r^kus 
lies below and parallel to the superior sukus* It is broken up ijtto two or three 
short sulci, hut its posterior end turns upwards into the parietal lobe, behind and 
paratid to the upturned end of the superior sulcus, , j- .. . - 1. 

In this wav the lateral surface of the temporal lobe is aubdiyided into three 
parallel ffyri, the supmar^ middk and in/m&i tempofratgyri. Along its upper margin 

the superior temporal gyms is contxntious wun 
the gyri which form the Hoor of the posterior 
ramus of the lateral sukus. I'hese are three 
or four m number, and they extend obliquely 
for^^'ards and laterally from the circular sulcus 
which surrounds die insula. They arc termed 
the tratist^erse gyri [fig. 878), The 

higher auditory centres (p* 1047} art situated 
in the anterior transverse temporal gyrus and 
Ln the portion of the superior temporal gyrus 
w'hh which it is in contimuty [fig. 38 S), 

The parietal lobe Is bounded in front by 
the central sukus and behind by the line jolri' 
ing the preoccipiial notch to the supcromedlal 
margin at the point where it is cut by the 
parictcKOceiplial sulcus. Abovc^ it is limited 
by thr BUperoinedJal margin, and below by the 
posterior ramus of the ktcral sulcus and a line 
drawn backwards to the posterior boundary^ 
from the point where the ramus turns up- 
i^'ards. h will be sectig therefore^ that both 
the posterior boundary and the posterior part 
of the infe rior boundBry of the parietal lobe on 
this surface of the hemisphere are arbitran . 

The latcfiil aspect of ihc parietal lobe ^ 
subdivided into three areas by two sukh 
termed the porfcefirraJ jii/cifr, and the 
parietal salcus. 

^Vht pailctinfral suhis (lig. 876 )p which may 
be divided into upper and lower paris^ lies 
behind and parallel to the central sulcus. In- 
feriorJy it ends ahot-e the posterior ramus of 
rise lateral sulcus and in front of its upturned 
end. It divides the parietal lobe into an an¬ 
terior part» termed the postcentral gyrus, and 
a large posterior part which is further sub¬ 
divided by the imraparictal sulcus. The in- 
traparieial sukiu commences in the postcentral 
sulcus about iu middle or at the upper end 
of Its lower subdivision. It exteoda back- 
w'ards and do vim wards across the posterior part of the parietal lobCi dividing It 
into a superior and an inferior parietal lobuk. Poatdriori\\ as the occipiul ramus. 
It extends into the occipital lobe, where it Joins the transverse ocdpttal sulcus at 

ricKl angles (fig- 877)- , , - - , . 1 

The postcentralgyrui lies between the central sukua in front and the post-central 
sulcus behind^ It contains the important higher centres for somcatltetic sensibility 

The jii^ribr parietal Pjbuk Iws between the superomcdial mar^n of the hemi¬ 
sphere and the mtraparictal sulcus. In front, it is continuoua with the postcentral 
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gyms round ihc upper end of ihc postcentral sulcuSp while posteriorly it rrcqiicntiy 
runs into the arem paneto-occipitalts, whieh surmunda the ejttemal part of the 
parieto-occipital sulcus (Eg. 877)^ 

The injtri&r pant$at Lies below the intniparieuL sulcus and beliind the 
lower part of the postcentral sulcus. It is divided into three parts. The an/emr 
p^t ts termed the iUpriimur^inal j^yrus and arches over thic upturned end of the 
lateral i^uleus ; it is ctmtinnotis in front with the lower part of the posi-ccniral gyrm 
and below and behind with the supericir tcmponil gyrus. Occasionally ii is limited 
piistcrir^rly by a small stilcus, named the sukui pn'midj, which descemb 

from the intniparictal suIcub. The middlt puri or nn^ular gyrui, w'hich is believed 
to be concerned with the visua! dement in sTcreognoMS (p. 1047), arches over the 
upturned end of the superior temporal sulcus and is continuous behind and hebw 
with the middle temporal gyrus : sometimes a small sulcus intennedjus sccundiis 
forms its posterior boundary. Both the anterior and middle parts of the inferior 
parietal lobule lie under the pariecai eminence (p. 269). The fmifnpr prirr arches 
o^ff the uptttmcd end of the inferior fcmporal sulcus and cTctends on to the occipital 
lobe. 

The part of the lateral flurfaec which lies behind the line joining the prcKJCcipitBl 
notch to the parieto-occipiml sulcus on the lupemmedial margin belongs to the 
occipital Jobe^ The trtjnsrrru oidpiial suian descends frotn the superomcdial 
margin behind the parietooccipital sulcLisand Joined shout its middle by the intra- 
parietal sulojcs. Its upper portion forms the posterior boundQTj of the orritj porietc^ 
ocdpitalis^ on amhed gyrus which su rmunds the end of rhe padetcrHiicdpilal ani Icus. The 
tnUrijl occipital sulcut is a abort sulcus which runs fomords on the lateral aspect of the 
occipital lobe and divides it into a jupmorand an oifen^t oedpita! gyrm (fig. 876)^ *Thc 
mlais luHatHif when present* is situated just in front of the ot^icTpit&i pole. It is placed 
vertically and sometimes form? e h with the calcarine sulcus, although the two 
are mom often separated from each other, 'riic lips of the lunate sukys^ which is 
opercuJated in Type, separate the striate from the peristriate area of the cortejc, but 
the paraatriiite area 1$ buried within the w^lh of the suKcua and intervenes hem-cen 
them. The lunate sulcus forms the postertor boundary of the gyrus dimemicm (Eekcr), 
which lies l>ehind the superior and inferior i3ecipitai fiyri. Two curved su Ici^ fismed 
the superior and inferior polar suki, are often present near the ejctreuiitiea of the 
lunate sulcus. The tttp^noT pidar mteta arches upwards on to the medial aspect 
of the occipital Jobe from the neighbourhood of the upper lirnit of the lunate sulcus ; 
the i#i/mor pdar $idcai ajcheii dowmvanla and fnnvsrds on to the inferior aspect from 
the lower limit of the same sulcus. I'hrae two polar sulci enclose semilunar exten¬ 
sions of the Atrialc area (p. 1045) an<l indicate tlie expansion of the visual cortex asso^ 
ciated with ihe formiition of it$ lariiie tnacular area * (p. i:o4&}. 

^rhe insula (fig. lies deeply in the fl^r of the lateral sulcus and is almost 
surrounded by a drcular sukm. ft has been hidden and buried by the overgrowth of 
the cortical arras wbkh adjoin it, and it can only be seen tv hen the lip* of the lateral 
sulcus are widely separated. ^fhcM arcaa of the cortts art therefoTe tcrmtil the e^r- 
fuio 0/ dtr iftstda, and they are separated from each other by the oacendingand posterior 
rami of the iuterai sulcus, ^ll^e Jr&iitai apeFcuitim lies bemren the anterior and 
ascending rami, and 1$ formed by the pars triangularis of flic inferior frontal fifytUSr It 
may be of small stice in ca^v.^i where the twn nimi between which il lies arise by a 
common stem. *l*he Jraiito-parittai aptreuiuw lies betw^een the Ascending and the 
Upturned end of the posterior ramus of the lateral sutcui^, ll is formed by ihc pars 
posterior of the inferior fronlsl gyrus, by the Tower ends of the precentral and pcsi- 
centra! pyri, and by the lower end of the anterior part of the mferior parietal lobule, 
^Flie icmpirnil opcfcidum lies below the posterior ramus and it formed by tl\c superior 
temporal gi'ma and the transverse temporal g>Ti. Anteriorly the lower part of th^j 
msula adjoin:^ the pans orbltalSs of the Inferior frontal igynii. 

When the opercula have lieeri removed, the iuBulit i* »een as a pyramidal enginence^ 
the apex of which k directed towards the anterior pcrfaraied sub^taopc (tig. 879). to 
this situation theciixular sulcua is defident and the medial pan of th^j apex is termed 
the itmen ijuu/jv. 1'hc aurfoE^-c of the insula is divided into a targer anterior and a 
smaller poatcrior part by the lulms cenTraiis multr, which runs upw-ards and back^ 
wards from the apex of the in^fuh. The anterior part is divided by sliallow sulci into 
three or four diari gyri, while the posterior pare is fotmed by one /i£w^ ^yriUp which is 
often divided at Its upper cndi The cortEcal grey matter of the insula is continumis 
with that of the various opercula round the bottnm of the circular sulcus. 'Jllc insula 
overlies, and is mom or less co-extensive with the claustrom and the putamen of the 
tenriform nucleus (fig. 878). 

■ G. Elliot Smith, AhoL, Lood., ^4, 193*- 


roaS NEUROLOGY 

The medial aui-face of the cerebraJ hemisphere*—Thi& surface cannot he 
examined until the two cerebral hcmlsphered have been se|>arflted from each other 
by the division of (i) the commissures which connect them md (a) the roof, flooFi 
anterior and posterior walb of the third ventricle {fig. 870)^ The most conspicuDUS 
feature on Uiia surface b the groat commi^ure which la letmed the carpus calhmm. 
It forme a broad arched hand which lies in the fioor of die central part of the 
longimdiiifll Bssure (fig, 83 o)- The recurved, anterior end of the corpiis callosum 
Is ternted the genu. Below* it is continuous with the rostrum^ which narrow's rapidly 
as it passes badkwwJs to become connected to the upper end of the lamina termmalis; 
above, it ia continuous with the trunk-, which arches upw-ands and backwards to end 
in a thickened, rounded extremity, termed the sptcm'um. The deep surfaces of the 
tmnki genu and rostrum give attachment to the kminsc of the septum peMtacidum, 
which occuptes the interval bctw^eefi them and the fornix—a curved, flattened band 


Fio, 878*—A vecdon thQwSnR the upper lurfmcc of the right temporal lobe. 
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of fibres w hich lies at a lower leveh Immediately in front of the Lamina tcmilnaiis 
and nimost co-exie naive with it, there b a nairtH^', triangujar field of giey niaiier, 
which is termed the /Kwn/crjuiiitf / £>'nu (p. 1035). Anteriorly it ia separated from 
the test of the cortex by a shallow groove, named the pofttHor parol/ae^tory suleia, 
A little in front of this groove a second, short, vertical sulcus may be present and is 
termed tlie aTiierit/f part>//a£lory ailnu. The portion of cortex which lies between 
th@c two (ulei constiUitcs the lubcatlosai area {patoljaetory) (figs. {379, 873), 

The anterior part of the medial surface of the hcmUpliem is divided into an 
outer and an inner lone by a curved sulcus, termed the fultuf ringiilL It commences 
below the rostrum of the corpus callosum and passes first forwards, then upwards 
and finally backwards, conforming with the curvature of the corpus calloflum. Its 
posterior end turns upwaids to reach the superomedial margin of the hemisphere, 
about 4 cm. behind the mid'point between the frontal and occipital poles, and ties 
behind the upper extremity of ilic central sulcus (fig. fi&). The outer »onc demar¬ 
cated by the sulcus cinguli forms, with the MCeption of its extreme posterior end, 
9 part of the frontal lobe. It is subdividid into a larger anterior portion and a smaller 
posterior portion by a short fissure which runs up^vards from the sulcus cinguli 
above the middle of the trunk of live corpus callosum. The larger anterior portion is 
the mediat frontal gyrus, while the smaller posterior portion is termed the /vararniW'di 
lobule. The upper end of the centra! sulcus usually cuts into the posterior part of 
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the paraccnti^ loMc and the motor cortex of the prccentnil tyrus is directly 
conlinuoiis with the cortex of the lobule* 'Hiis area contains tfc centres nSh 
rontml die tnovemente of the lower limb and perineal region of the opposite side, 

^d ‘^“1 It Mcrciscs voluntary control over the dcfascation 

and mictuntiOA reflexes (p. 1041). 

narked off by the sulcus cinguJi constitutes the ntw 
nxsifum thisgyais follows the curve of the c^pus 
^fMum, from which it is separated by the co/faiof w/c«f, and it continues round 

vvith ^he'narahinnmJitf *! hemisphere to became continuous 

wim the parahippotampa! gy rus through the narrow nf/tmits fhg. gSo), It is con- 

pathwliyr^ “ttenof nucleus of the diolamus by both afferent ami efferent 
The line of ^e sul^s cinguli is interrupted liehiitd the paracentral lobule but 

The posterior part of die medial surface of the hemisphere is marked by two 


Fie. 879,—*J’hc iiwula of the rifilit aide* ExptMcd by the nmovsi of the opetculm. 
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deep sulci which mnverge Mtenorly and meet a short distance behind the splenium 
W the coipus colloaum. These a« the pricto-occipital and the calcarine sulct. 
1 he po«r/o-oropjra/ tufrtit commences on the supcromedial margin of the hemi¬ 
sphere about s cm. in front of the oedpitai pole and is direaed downwards and 
slightly forwards to meet the cslcarine sglcus. When the Ups of the suJeus are 
widely separated it will be found that, although on the surface of the hemUphera the 
pancto-occipital and the calcarine sulci a« apparently continuous, they are in 
rrality separated from each other by a buried gyrus, termed the g}ruf cuiiei. In 
addition, the walls of the sulcus show the presence of two or more vertically disposed 
n ^' u ^ <iTiK‘i«illy exposed on the medial surface of the hemispliere, 

but they became buned and Indudcd in tJic paricto-occipital sulcus owing to the 
grow^ of the splenium of the corpus callosum fp* toaj). The walls of the Mrieto- 
o^pital sulcus, therefore, resemble the walls of the lateral siilcua, although the con¬ 
tained sulci and gyri are fewer in number and smaller in cjrtent. 

AI commences in the neighbourhood of the ocdpitol pole, 

Although the sulcus h usually restricted to the medial surface of the hemisphere its 
f^terior end occasionally extends on to the lateral surface. It tuns fonvards a little 
al»vc the inferomcdial margin of tlw hcruisphere, taking a slightiv curved course 
With an upwnrd convexity, and joins the parieto-occipilal sulcus at an acute angle a 
httlc behind the splenium of the corn its caJlosum. Continuing fnrwards the cai- 
canne sulcus crosses the inferamedia) margin and gains the interior aspect of the 
hemisphere, where it forms the infcrolaterdl boundary of the fsthmut, which con- 
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nccts the g}Tm cinf^i with the paraliippociiinpai g>^ms- At its junction with the 
patieto-CKTcipiifll sulcus the hour of the calcaKne sulcus is crtjsaed by the buried 
Anterior cuncqlingual posterior part of the cAlcarihc sulcus, behind its 

junction ^ith the parleio-Dccipital is an axial sulcus, set in the long axis of the 
visual cortex (p. 1045) whilst the anterior part is a limiting sulcus and separates the 
striatLV visual cortex from that of the isthmus. The anterior part conforms to the 
definition of a complete sulcus^ since it produces an elevation in the medial wall of 
the posterior horn of the lateral ventri-cle (the calcar avis). 

The quadrilstcFal area, bounded in front by the upturned end of the sulcus 
cingulip behind by the parieto-occipital sulcus^ above by the superomcdial margin 
and below hy the suprasplcnial sulcus, is termed the pre^^unan and, together with 
the part of the paracentral lobule which lies behind the central snlcus, constitutes 
the medial surface of the parietal lobe. 

The wedge-shaped area bounded in front by the parieto-occipital sulcus, below 
by the calcarine sulcus and above by the supcm-medial margin^ is termed the 
rwretij. Its surface is usually indented by one or t^vo small irregular sulci;, and forms 
the medial surface of the oedpital lobe. 

FiO, —The mcrdial lurfacc of the left ec rebnil hen^^ftphere. 
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Tlw bnutlly thhled UtK, Mutnbiff tip*wErdi AnA far wi i J i fnmn ttw 
«>eei|iiial |h4e dfr ihe bfilc3v-n»Jijt (nKiiEt □! i|ht twmHpbn-t. 

The basal (inferior) surface of the cerebral hemispliere fhgs. ^75, 88j).— 
TTiisjiiirfHce is subdivided inlu a smaller, anterior |»>niin:i, which lies in frt^mtof the stem 
of the lateral lissure, aisd s larger, posterior portion, which lies behind it. The antedur 
portion forms the QrbiiGf turfucf nf fht cmhrat krmisph^re. It is concave from side to 
side find rests on the cribdfami plate of the ethmoid bone, the orbitfil plate of the 
frontal bone and tlw leaser wing of the sphenoid bone. An anteroposterior aulcus 
traverses this smiflcc ncur it* medial msrgtn and, since k is hidden by the overlying 
olfactory bulb and tracts it is termed the factory micus. The medial strip of cortex 
which it mariw off is the gyrw reetm. The rest of thifi surface is marked by irregular 
auki, the Gtpkal generally H-shaped, dividing it into a number of 
Esiur ran usually be ne/ignised, named, avcnrdirte to their position, anterior, medial, 
posterior and latcmf orbitsl nyri. Tlie pmsterior orbital pyrus (arm 13) is regaitled 
exercising a conlrolling Intluence an vrsceral actirity (p. ro4i>>, 

T*he posterior portion rorms the fenformf mrfatc of the hemitphere, and rests 
partly on the tentorium cerebeUi and partly on rhe floor of the middle cranial fossa, 
it is TravefiKl by tw'o antempnaterior aulej, ihc collateral and the occipirotemporHl 
The ioUatcrai m/fur cormncncca near the occipital pole and runs fqrH-arda, roughly 
panikl lo the calcarkic sulciw+ from which it is sepiramd by the irngual gyruj. 
Anteriorly the collateral sulcus may be continued mto the rhino! but the iwo 

are usually separated. The rtdnal micus runa forwards in the line of the collareral 
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Phi. S8j .—Yht urbitnl turfACc of the 
kft frontul lobe. 


$uli!ufl mnd the icmpcsmi pole frnm A JKimev,'hat hook-shaped cle%'ation vMliioh 

lies pofiieroTTicdiol to it nnd Termed the tinan. l'hi» fissure marks the lutemf liiraji 
of the piriform area of the cortex (p. 103;}). 

The niirui lies |Mira]|cl til the cf>l]ateraJ sukuA and on its latcm] 

side. As li rule it dfkcs nol extend ais thr bark ms the occipital pole, and it frcfitiently 
dividetl inti» two or more parts. 

The gyrui lies t^evh etfn tht: cakarnie 

ami the collateral sukl. Anteriorly it pas.ses 
Without inxertuptioo il»& the frarahippOfeurnpHi 
gyrus^ whkh commences at the iithtntis^ where 
i[ is directly continuous with the g>'rus cin- 
^ulip and pii^s fonvitrds hou tided on Its 
late ml side by the collateral and rhinal suki. 

Anteriorly the parahippocampal hccomcH 
continuous with the Linens, and an it passes 
Forwards its medisi edge abuts on the side 
of the oiid-bmio. I'he uit^hs the recurved, 
htHik-like, anterior end of I he pL^rahippocampal 
gyrus^ and forms the poslcrolatcnil boundary 
of the afiTcrior perforated substance. The 
mcdiaL part of its hook extends ktcrally above 
itM lateral part and wiill be dcacrihed later 
(p^ 1D33) i its inferior surface cannot be ex¬ 
posed completely until the lateral and tnori: 
superficial part of ihe hook has been removed 
(fig. 1183). The uncus forms the bulk of the 
pih/orm aria, which constitutes an impormnt 
part of the rhineiicephaloTi (p^ T033) and is 
phylogcncticdlly one of the oldest parts of the 
pallium. 

The mfi/ial ocapiici^pftm! gyms extends 
from the neighbourhood of the occipital to the ttnfip<iral pole* his limited by the 
collateral and rhinsL sulci on its medial side and by the occipitotemporal sulcus on its 
lateral aide, TTic Istenil pan of tJtis area forms the occiptMcmi^riii 

which is continuous round the jnfcrolateral margin of the hemisphere wlih the in- 
ferior temporal gyms. 


The RHr>TNc£t'iiAixiN 

The rhmeneephaJon includes all those pottiona of ihc cerebrum which arc 
conccnied whh the reception and conduction of olfactory' Impre^ions. In lower 
vertebrates the rhincnceptuilDn consists of the olfactor)' lobe and the archEpaliium, 
and includes nearly the whole of the fore-braiTiH In man, however, the archipallium 
has been so much reduced by the exuberant growth of the neopallium that many of 
its derivatives arc difficult to rccogntsc with the naked eye. 'Fhcy have been rele¬ 
gated to the medial and inferior surfaces : some have Income thinned out into a 
fine sheet by the growth of the corpus callosum (p. 1052), while others have been 
overgrown and buried by the development of neighbouring neopallial areas. 

The constituent parts of the rhinencephalon are ; (1) the ol/attcry Mh, in 
which the primary olfactory neurones end and the secondary neurones begin, 
(2) the litfuctoTy tract, which conveys the secondary' olfnctory neurones to (3) die 
afittrior perfmaied the amygduhid bitdy (p. 1033) and the area pirijr^rmis, 

(4) the hippofampatJamuthn, (5} the jxinsifrmiiitil gyru^, (6) the/cn'mv, which con¬ 
stitutes the efferent pathway From the hippocampal formation and the archipallium 
in general, and (7) the tiurlens kahenahe^. Ihc part pkyed by the hipj^xampus and 
the fornix in the activhies of the rhincncephalon and their other functional rebtion- 
ships are discussed on p. 1034- 

(i) Tlie g| factory buJb {lec uJtop. 1050) is an oval, reddish-gtey mais which lies 
above the mediil edge of the orbital plate of the fronts! bone and bclovv the anterior 
end of the olfactory syleus cti the otbitol lurfsce of the fmrtfll lobe. 'Vhe olfqctpry 
nen'tMa pass upwards through the cribriform plate from die olfoclon' region of the 
nasal mueous fnemibrunc and enter its inferior surface. 

(a) 'rhe olfactory tract is a narrow , while band which iwucs from ilte posterior 
end of the olfaelory bulb and passes backwards on the orbital suiface of the frontal 
lobe, cov-cring the olfactory sutcus. On transverse section it ii triangular in outline. 
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the apex belni^ <lirecud upUTtnii, At its ^xpand^J ijoaltrinr end+ which ia termed the 
€it/actQTy trigmie (olfactory pvfamrd) the rmet is irmrfed into the cerebrum. Behind 
this trij>orLr ia the snlerior perfuruted iiubsiarkCc. bachwards okinj:; the 

anterior of the anterior perforated substance, where its fibre? arc usually 

detected with the naked rye. Is the af/artArv ftna (lateral tdoT of the olfaLiory ttmet). 
On reaching the limen insuJsc (p. J027) It betids sharply backwards and medmlLy in rhe 
floor of the stem of the Imcrttl sulcus and enters the supcmlateml part of the uncus, [t 
contairu the ^ons of the milral celli of the olfactory bulb and is aceutnpanlcd by grey 
matter ; its fibres terminate in ihe ante nor pan of the piriform area and In the itd- 
jinning amygdaloid body« Some hhres from the olfactory tract (medial root), accom¬ 
panied by grey rnatler, pass medially from the olfactory trigone (o paraterminal 
gyrus w'hich lies Immediately in front of ihe lamina Ictmirmlis. It is helkved that 
mitny of th»e arise in scattered masses of celh which lie alotiK the olfactory imet and 
that few pi-iniary olfactoiy neurones, from the mitral celk in the olfactory bulb, take 
this route,* A few fibres^ probably of a simlkr oripn (intemicdiale moi of the otfoc- 
Tory tract) at$o pasa bitck from the olfactnrj’ trigone to t he anterior pc rforated substance. 


Fm. S^a..—A dissection of the kft cerebral heniisphcre, showing the parts of the 
rhintncephalon. Drawn fmm m spedmen lent by Pmfcisqr R, R. Gr™. 



' Oifaciar^ fiulh 
.-inJfri'or jKirf 
iPirfurimn 
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bMalued! Inr recfpii eip^ftinKifiJi wofk fp, 1-0^4^ * 


(3) (") anlcnor pnfonited substance, which lies in the anRle hetween 
the optic tract and the uncus, is an important tiindmarli on the basal surface of the 
cerebral hemisphere. In front it i* hounded by the olfactory trisxnc and the 
olfactory stria. Medially it is continuous, abocc the optic tract, «Mth the tuber 
cincreum and, in front of that, with the lower end of the paraterminal gvnis. 
].atcrally it cKtenda to the limen insul* (p. 1027). It ia pierced hv the ccrilmi 
branches of the anterif>r and middle cerchra) urteries and its exposed surface is 
crossed hy the latter vessel. Superiorly it is continuous with the grev' matter of the 
corpus striatum and of the claustnim, arid it is separated from the anterior part of the 
glohus paltidus by the anierior commissure, the ansa Ienticutari.c and the nnsa 
pcduncularis (pp. 1003 ami to66). In tlic cat electrical stiimilatiun of this and tlie 
adjoining liasa! olfactory areas gives rise to a number of reactions These include 
sniffing, salivation, movements of ilie longue, month and mandible. rrtchinB and 
T 5 walli>wmg,t ^ 

* A. C-AHikui^ ljand .4 8 Sj 

t D. McK. Rioch inU C. BTunPer, AW*. iqjS. 
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(6) The amy^dAJoid body (nuetrus) b a complcjc nuclear mass lying above 
and in front of the inferior hom of the lateral ventrick. It is continuous kbovc with 
fhc cortex of ihc uncus. In front vi ith ttie limcn tnsuhu and alien c and laicrally with 
ihe anterior perforated aubstanec. Posteriorly it appears to become continuous 
with the tail of ihe caudate nucleus (p, 1065)/ It receives fibres from the 

olfactoi^' * tracts and tta pass posteriorly in ilic roof of the inferior horn of 

the lateral ventricle, forming a mail bundle temed the stria tcrtainalb (fig. 8S4), 

The tfrin irrmittulit (j^miarnitans) is a small collection of medullated ncn-e-rihres 
which issues from the posterior cud of the amygdaloid btidy t and runs b^tckw^ards in 
the roof of the iufcrini- bom of the lateral ventricle on the medial side of the tad of the 
caudate nucleus. It follown the curve of the nuekua Eind runs forw-ards in the floor of 
the cencnil part of the ventricle, occupying the groove which separates tlic caudate 
tiudeu^ from the rhtklamus. Below the ifitcrt^ctitricular foramen i t gives off some fibres 
to the anterior commissurt.^ and to the grey matter of the anterior pi-rforatefl suh- 
Btance, and lutm dowmwards to enter the hypothalamus {fig. ^^4}, where it ends by 
sendinH fibres to sever^ of the hypothalamic nuclei. Ir may ihcrtfore be regarded as a 
pathway for the association of ih* olfaetoii" and autonomic $>^tem9. 

{t] iTit piriform area includes the anterior perfomU'd luhatance. the grey matter 
eKCtiiding froen this through the linun imulae to tlsc uncus, the uncus itself and the 
anterior part of the pamhippocampal gyms. Many, if not most «f the secondary 
olfactory neurones end in the unterior part of the ama and arc here related to incoming 
fibres from other parts of the corter. h is roisonablc to assume that in this part of the 
cortex ■otfflctory impresssojifl teach ennsciouanc^ and the icrtiary neurotica pass to the 
posterior part nf the area (area iS), to be correiaEed and lutcgtaled with otlier alTcrcnt 
iTupressiont. V\'hcti ihe lateral part of the uncus is removed, the inferior surface of its 
media) part can be examined^ ft is crossed about ita mhldlc by a narrow band of grey 
maticr, continuous ui its lateral end with the <ientate gyrus, und ti^mtid the iaii ef iht 
d^iafrgyrm (fig. 883). 7 'hc portion of the uncLii which lies behind the rail of the den¬ 
tate gytus bos ^cn termed ihe intr^iimbk gyrm, and it is morphologically dishnet 
frnm the part lying anurdiir to it, which has the histologi cal chamcicnt of the pirifotm 
cortex fp. 1051). 

The tertiaj-y olfactory neurones arise m the piriform area and m the am^gdoJoid 
body. Many of the efferents froui the tivo former pa$$ into the hJppocanipEil forruation. 

(4) The hippocampal formation ts fptmed along tlvc fringe of the pallium on 
the medial aspect of the hemisphere. It compriaes the wtititfum gru^Eim, the 
hn^tudimf rfrirt- of the corpus callrj^unv, fr) the and (rf) the ftippac/tnipuf. 

The liippocompBl format ion is laid down in the embryo on ibe nudial wall of the 
hemisphere, forming an arch immcdiplcly outside ihc preh of the chorioid fissure fp, 
l3^^h *rhe anterior or upper part of the omh is invaded by the corpus callosum^ and 
the great size of this Ktructure in the human brain reduces the corresponding portion 
of the hippocimipa! forttiaiir>n to the mere vestige which is reprcaenied by the indu- 
aium jzriseum on the surface of the corpus caliwum (fig. G82) and the nssociated 
longitudim^l sfriie. ^Ilic posterior <sr lower part of the arch is carried downwards and 
fonvarda by the growth of the temporal lobe and so is not affected by the development 
of I he corpus callosum. H’hc h/ppofniupaf tufrut dcvclfips in this part of duf hippo¬ 
campal fuTmation, outside the chorioidfll fissure, and ihc strip of ccHne.x which lie* 
bctiveen tlic two forma tile dentate gytus. 'llie cortex at live bottom of the sulcus 
proNferates rapidly and bulges laterally into the cavitj- of the inferior hum of the 
ventricle, con^triutjng the liippucainpua (fig. 9^t). 

fu) Tlie iWaj/ww grijfjjtfj is the ihtn sheet of grey matter which covert the upper 
surface nf the corpus callosum and is conlinunus on citd^ side, round the bottom of 
the callosAl sutcua. w ith the cortex of the g>Tus clnEmli. It Is conttnuoun lie hind with 
the gynnfasdfiiajrti (ipletfittl g\rut), a deltcaie layer of grey matterw hfeh is In tontinuit)- 
wfiih the posterior md of ilie dentate g^'rus [fig. 895). In from it la cuntinued round 
the genu and on lo the inferior surfaee of the rostrum of the corpus colhi^uni, to be¬ 
come conrinuuua with the subcallosal area and the pAtmerminal gyms. 

f^S I’he and lalrrn^ hnsum^ift^i imVr (fig 894} are two ridges which extend 

forwards on the upper surface fjf ihc corpus callosum. The medial stria lies dose to 
the median plane, but the lateral arriti is placed under rover nf the gv'rus cinguli in the 
floor of the callosal sulcus. ITiey consist of Uangituilinslly running fibi:e$^ w Kii h sweep 
round the genu and over the rostTum to mter the paratenninfll g^'^nji iw/ro), 
'Z'hey repre^nt the white auhatanc^ of the ^^estlgLaJ tnduslum griaeutn. 

(c) The iifftiaie spirrMs is a namow, crensted atrip of conex which lies on the trpprr 
surface of the paraluppocampal gyru^* umltr ca%'er uf ihc fimbria (fig. 883), from which 

• W, F. AlJcn, x-lffl. J. Phynot.f tzip 1940, anti ijo, tq^i. 

t vVccording to Aome ButhDricicA ment of the fibres of the stria letminalii are qfferefU to tile 
imygdnbid body. 

7X1 
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il i» HcQanted bv ihi- embiiodcntate aulcus, 'Hie hippocampal jidcta inteivfnw bc- 
twMn it aiw$ tbc parnhippo^riunpii! gy™, but M«pi at ita anterior end dus sulcu* li 
not onnaianlty pre^eni in tlie adult human brain. Posteriorly the dentate gyrus is pro- 
langcd on to the under sui4ace of the spUrniumof the turpus callosum in the dehente 
evrus fosciolaris (fig. S^;). which in turn becomw connnuoiiB with the indusium 
Eciseum, Anteriorly liie dentate aynis is continued into the notch of ihc^cni*, and 
then make^ 3 ahfljp bend mctlinlly acm» iw mferi^f aurfaise Ui^. SB%h ^ bis trans- 
venie portion is irmu^d thic Idi/ of thf ^rnioir gyrm. Uni ike ihe rest of the ffyrui ti i* 
srtKv^th mid and it faecumes \mt on tlit inedifti lupcci of 

(J) 1'hc MpfKtsaitfpUi is ft tajn-ed elevatiojip jihotit 5 cni- long, wnich 
thmoghout the entire length of the iloor of ths: inferior horn of the btenil ventnclc 
(flits 001). Its anterior or lower extremity is enlftnjctl and prewnW two or three 
ahullow imKives scpanited by digit-liVe ridges, which jive it a pawdikc appcamnc^. 
On thi» account it ia teimcd the p^s Aijppycffjwpf. The elcvatjoii Jt^lf !■* 
described as being prodgeed by the hippocampal sulcus, blitp according to tiJiot 
Smith, this is no! actually the ease* and the elevation owes its presence to the tmpsd 


Fio, difiacCEion of the infcrinr surface of the brain to display the 

gneUBp the dentate gymm and the funbna- 
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prolifctarion of the celts of the hippocanipal formatinn in this simarion. The ventri¬ 
cular surface of the hippcKHiiipuj ia eovomd by n layer of white hbrea whkh constituitfi 
the alvtuSi but the great bulk of the elevation m made up of gt^y matter. PoaterSorly 
the hippncmnpusp like the dcnlatc gyrtiSp becomea ccntinuoiiJis with the gyma fajctolaria 
at the splenigtn of the corptt* calloBum* 

It ihoufd be stated that a W 7 dc range of experimental work carried out in recent 
yeata has pnjdueed no eridcocc to confirm the long established concept that the hippo- 
^mpus ond its efferent p^l'Lhw ay^ the fomix, are predominantly associated with olfac¬ 
tory KfLiibility. Ilie diaocj\^' t hat the anterior nucleus of the thalsimisp in w hkh 
the mamillo-thalamic tiaci ends, projects on 10 the whole extent of the g^Tus cinguli 
(p. 1003) drew atten tion to the apparently onomalcHis rekdon to the cortex of olfactory 
ttnsibitity is cotnpanfd w^ith visual and other forma of sensibility.* Latcri rt was 
shown thiT doffSp trained to react with conditioned reflexes to odoura of different 
kitiilii, CQiULEiLied to napond after bilaterel dcstiucdon of the hippocimpua but failed 
to do so after ibUition of the pirifoiiti arM.t Ai a result of these jtnd other inv»riga« 
tiona 4 h ismw gencmilly Held that the hippocampusp and therefore the forfik, mrc war 
predominantly ftMcialril with olfa^oty imprcssiunSp and moat authorities are of 
opinion that ihe hippocampus is nuainly dimeemed w ith ^-ixcetnl and other autonomic 

• W. Ea l-e Gioi Clark ind tt. H. J. Anaf^, Loiuip 67. 1033, aod 56,1933. 

t \V, F. Allen, FhyM.t 3 ta 8 » r 940 , and t^jip m 4 i + 

I A. Pfodii^ Brmn^ 70, re47^ SWiith, J. 8. 1945. 
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Qctivjti 03 . >'icw fnay b*; correlafcii wsih TJit foict th^it tht Jiipprtcair^pwi, both m 

fci^di'd^ itB i^tujiJ and its succ to that of the olfictoPr buLbk is (Ef^ter bt 

the hum^ brain than h i$ in maemBxnatic mammsls. 

(5^ The para^mitf^i prrut ia the strip of the cortei which Heit tmrPedktely in 
front of the lomjna terminal is (hu* ^7®)+ Anteriorly tt is limited; by th-e posterior 
pamlfactory suicusp anti superiorly it hecomos contJnuoiJt with the indusium 
gTWi,im on the inferior surface of tlw rostrujn of the corpus callosum, [nfedorly it is 
connected to the pitiform area by a white bomdr teimed the dujg^nai handf which runs 
laterally and backmrds ectoss the posterior part of the anterior perfonilcd sub^tsnce 
(nff, ^4)- The signibcance of the paj^terminal gyius in the rhineneeptYaJon has not 
yei been determined^ 

(6) The fomix is tlic cHcfent pathway from the cells of the hippocampua convey¬ 
ing hbr<s to the inaniniaj3’ body and the habenular nucleus^ The fibre# of the cells 
of the hippocampus paw 10 its Y^entricukr ^rfacc where they fonn n layer of white 


11 G. scheme lo show the conoejdoos of the fomis, the tttia imoiruilis and 

the tzma fomicis. (After FoLa and Nicoletoo.} 



U NideiLiut bslMnulc^ 
a. Stiii niKluUu-bi liulsnij. 
^ FiwckulLii 

4 . In^Ei-pgaiTTinilif mieDflii. 
Cdb of hkrp(Klvri|iiU- 
Finilim 

7. funUBJiiftin (bmii. 

B. Fofura, 

^ MjttulUfy bedjr. 


X 9 . MiftiilkithKliiidc traOw 
tir Anl£fi«f iHUildiw of ihiivncB. 
ti. .MniilllinifiiiBiuj tmeC.. 
t2- AJi?npdiJ«itd t»Jy. 

14. fiieid. EfxoiffiAijp. 
ijr Anlcn» CHTUttMtiiM. 
lb. Hrp 44 h:iluni£i^ 
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matter^ teiTDed the olrsm. The fibre# of the bIvcu# converge on the medial border of 
the hippocampus to fonn the Jfndnrtd^ a flatiened bond of white fibres which lie# above 
the dcniace gyrus and immediately below the lower part of the ehorioidal fissure. The 
dispoflition of the fitnhria is variable, ll may project above the dentate gyttu^ with m 
free medial edge, rsenisi fomids^ and a lateral lioitltT which merges into the alveos, or 
its free border may be twisted over toYvards the lateral aide^ uncovering the dentaie 
gyrus (fig. 895). Anienorly, the fimbria passes Into the hook of the uncus (fig, 8S3), 
Traced backwards on the floor of the inferior horn of the ventride, it ascends |>elow 
the splenlum iirid bends forwards above the thalamus, forming the trm 0/ tfif formx* 
The nvo crura arc clnady applied to the under surfsice of the corpus callosum and are 
connected to c*ch other by a number of tnuisvcrsc fibres whkh pass between the 
hippocampd fo rmationH of the two hemispherts and form the cowiwnmrf of ih/: /erni* 
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{hippotampal This comm mure presents the appe^nmot oi th in, 

tti angular InminlL it an J the corpus cbUosuiti a humcrnluJ ckft (the so-called 

%fenirid^ of tfi£ femix) is soiftEttrues found. 

Aiitcriorly ihe two cmra come together in the median pjane and conatitute the 
frdhiv 0/ rhf/ijnrix^ which is rcallv a symmetrically disposed bikteral structure. The 
body of ihe fornix lies above the tela chorioidca and the ependymal nMjf of the 
third ventricle (fig, und ik attached above to the under surface of the corpus 
calloaum and, more anteriorly^ to the lower borders^ of the Janiime of the Bcplunt 
pcllucidum. Laterally the body of the fomix csvcrlies the medial part of the Upper 
surface of the thaJamus (p. two) and the chorioJdul Jissurc is placed below its free, 
lateral Througii this hasurt the chorioid plexus in the lateral margin of the tela 

chorioidtfl thrusts its way into the body of ihr latet^ ventricle (fig. gwj). 

Above the intcrv^enlriculBr fommen the besdy of the fomix separates into two 
cc/uT/j'Fir (iturerior)* which bend downwards and backwards- forming the anterior 
boundary of the inicrvcntricular foramen and passing behind the anterior commissure. 
As they descend ^ each sinks into the anierior part of the cfirTcspondJng lateral wall of 
the third ventricle and reaches the corpus mBmilkre, in which it terminates (p, toio)- 
Some of the fibres of the fornix system leave the colkimn near the intcn,xntricutar fora^ 
men and tun backw ards, asthestiiameduUaris thalanii (p. tooS), to teach the nucleus 
hflbendjjc of the fiamc or the opposite side, A slender bundle of fibres, named the 
o^fanvry fo^cimiuSj leaves the column cif the fornix and descends in fmnt of the anierior 
commissure to the base of the brain where it divides into two parts i one runs along 
the anterior boundary of the anterior pcribmted jiiubsuncc—its destination is un- 
Icnmvn ; the other joina the indusium gtiaqum of the corpus callosum and through it 
reaches the pnrahippocampal gyrus. 

*rhc foffiir is the efferent pathway for the hippiH.'ampus, and its fibres, relayed in 
die corpiora xnamillaria, pais to the anterior nucleus of the thalsimus by the mamillo¬ 
thalamic; rriicrt and to the tegmentum of the brain-stem by the mamiUotcgtiicntal 
tract rp. loiu), 

1(7) llic fjiidgus hiibefiuSiC and its afferent and elferenr fibres have olrc^n-dy been 
descHhed fp. lOodL 


TJIL KI RUCTURE OF 11 IE CLREBR.AL COR l EX 

The ncrve-oclls of the cerebral cortex show' a wide variation in sixe and shape, 
and in the mode of behaviour of their dendrites and axons. In all parts of (he cortex 
they are laid dow n in strata, an amiigcmcnt which is very constant and is apparently 
dciermincd by the number and coinplexiiy of the fibre connexions. Tjt Gros Cbrk * 
praints out that fibres obtain easy access to cells arranged in a fitmtum and that for 
this reason expansion of the bunlnar arrangement occurs by an increase in surface 
extent and not by an intrease in thickness, Such expan^on leads to the formation 
of convolutions, which arc a characterisric feature of the cortex in the cerebrum and 
the cerehellum, and this enables the expanded areas to remain in close relation with 
the vascular pia mater. 

The transition from stratum to stratum h not sharp and clcar-cut, and, as a 
result, different observers have adopted different descriptions of the .-itrarification. 
Tt 111 List Ik? remembered that many fibres reach the cortex from the underlying 
white matter and run, for the moat pan^ at right angles to the surface, breaking up 
the cellular constituents into parallel columns. Others, however, aJicr direction 
after penetrating the cortex and, together with intracortical fibres, form two sheets— 
or in some situations three—which lie parallel to the surface. The most superfieiaL 
layer of the cortex consists of fibres which run tangentially, in the substanec of 
the cortex there may be two sbect,^ of fibres parallel to those in tiie superficial or 
molecular layer. They appear in sections of the cortex us nairow bonds, teniied the 
Ohttr and miifwhitnds vf Ikdilarger ; they vflrv“ in thickness in different cortical areas 
and cor^isi, to a large cxieni, of intmconical arcuate fibres. In tbt.- visun^nsory 
cortex, the oiiier band forms a strip which is hnoad enough to be rec«>gnised rcaLdily 
by the naked eye and is termed the viiuvf J/rirt. It appears as a white streak in the 
middle of the grey matter on sections of ihc visuosensoiy^ eortex (fig. 905) and it is 
^ chamcTcrjjRtie a feature that this pan of the cortex is named the jJ'riflff In 

mutiy regions the inner band of BaiUarg^r is completely obscured and it may be 
entirely abffcnL 

Tbc depth of the cortex is always greater on the exposed surfaces of the gyri 
■ Thf TiMiiie$ iff fAf iiijdy, Oxford, jrd rditloriH 1951* 
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thin it iH in the depths of the siild^ and viriea from 4 fnirir in the prccentrd gyrus 
to t-25 mm. in the occipitoJ lobe. 

In the human feetus at the sijith moDth three layers can be niade out in the dortex, 
\i7 „—a superhdai or molecuh^r consbaiing mainjy of tangential ftbreSp in inter- 
mediate or ^rmmlar (ay^r of ccllsj and a deep or mjragrufniiliir (artr of ecMs. I'hia 
threc-Jayered arrangetnent la Lyptcit of the aiqinpiillium, and is foand in the aduit 
iiiirnan brain in the hippooampal formjtion. I’he granular layer conatilutes the 
receiving mechanism, and. the infmgranular layer the transmitting inechmiam. In 
the litter months of fcetal life the ncopalliuni ^conies further dilTercntilled. The 
advent of additional association and rommlssurat afferent fibres leads to a thickening 
and difTercntiation of the granular layer. It gii'es rise to an ^anuiar Isyrr, 
which merges into a pyrumidai layer of cells. Deep to the pyramidal layer there is a 
fourth layer, consisting of small stellate or granular cells, termed the inner granular 
iityer. . 4 t the same time, the infragranukr layer thickens and diffcremiaics into a 
deeper^ ^lymorphous kyer, in which amall fusiform cells predomtnaic, and a more 
superhcial layrr, in which the celb are more densely packed and giant 

pyramidal or stellate cells may be found. l"he growth of the infmgninular layer la 
con tempo rancous with the increase in number of the cortlcofugal and ouigaing 
conunissunil fibres. 

'rhe ndult correct may therefore be considered os subdivided into ai^c different 
strata, which diHcr in the depths of the various layers and in ihc number and character 
of their constituent cellfl in different p^rts of the hemEaphere^ 

(1) “rhe vioierttiar /nj'rr consists of a {Stratum ofmedullated fibres vrhiizh run parallel 
to the surface. It varied in its depth and in the density of the fibres which it enntainfl. 
In its deeper part it coniiiins the apical dendrites of me pyramidal cells, the ojcons nf 
the cells of Martinntti. and fibres durived from the niibjacent white substance of iKe 
hemisphere^ In addition, it contams (d) smnllp irregularly-shaped nerbe^lls with 
short aKcni and a variable number of dendrires. and (6) fusiform cells, lying with their 
long QKca pBr-illeS tts the Syrfacc. 

(а) The outer gnmutar layer is of approKimatcly the some depth as the hntt layer. 
Tlie cells are small, avernging to iOfi in dpameter, bavintr disproportionately large 
nuclei, 

{2) lire pyrtimidal iuyer shows a gradual iircrease m the size of its constituent cells 
sa they are traced inwa^s from the surface. Its outer part presents few' variationa 
throughout the whole estent of the coTtese+ 'llie eonstituenr cells are typical pyrnmida], 
cells, and are marc widely separated from, one another than the cells in the second 
layer^ 

ITic inner part nf the pyramidal Layer show's considerable variations m difiPetent 
ar^as. celb have an average diameter of anti they show s marked increase 

in the number and si;se of the contained grannies.. The deepest part of this 

layer is traversed by the otiter band of Badiarjier. 

(4J Tlie tnfitr jirraftulaf layer fonns a namower stnitum^ made up of smoll stellate 
cells, which vary in their number and in tlieir deitsity in different ccrucsJ areas, "^’hey 
avennje in diameter ; iheir axons arc short and terminate in the same layer or in 
the py rami did layer. It is generally aLiccptcd rkat this layer functions as the feeeptor 
layer for incoming projection (thabmocortlcaJ* fibres. Here the afferent axons temi- 
inatc by formini^ dense net-Like pkxuRcs,* which enable each In dUeharge i>n the 
dendrites and oytons of a lorge number ol the granule cells. 

The ^angfiotuc layer shows arriking di^fc^cnces in different coTticsl areas. In 
the motor area the characteristic cells of this stratum arc the Riant pymmidal cells of 
EJeti!. (p. 1041), which vary from 25a by 17,1 to 60^ by (Bevan Lewis), but many 
smaller ccIJs T)f varying fymi are found in the same layer. In other parti of the Cortex 
large ccEls may he entirely absent^ or the large pyramidal cells may be replflceil by 
larRc srcllaie cells (visuosensory area» p- 1045^ In certain situations the inner band 
of ^tdlar^er is n reCo$tni^hlE feature in this stratum. The i;anglinoie layer functions 
as the effeeSor layer of the cortex, 

(б) The pol_\morpttous layer Is com pi>sed mainly of spindlc-shaF»ed or fusiform ceLla+ 
These are subdivided into columns by sheets of radial fibres which iraverse the poly¬ 
morphous layer on their way to and from the moro aupcrhdal Layers of the eortn. 
Most of the axons of the polymoiphotis cells pass into the subjacent white marter, 
while their dendrites pass totvards the surface huf do not reach the molecular layen 
7 iie cells of Mancnotli arc found in this layer, as well as in the superimposed layers. 
They are pytsmidal in shape^ but their bases are directed towards the surface, l*heir 
dendrites are shun and their axum past into the moleculaT layer^ where they form an 

* l^rcnEe dc M*, Trtdr.Lab, Jmrrti, fian?. Vnk\ Madrid, M, 1932, and 7-jVnffttf,, 
(Lpx.l, 45 , 
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cxlciMi vc hiirizontiil Arborualiim. The oeib of MartiDotti most pumcmus iii the 
piriform urea. The incorriiog and outgoioK radial fibres viiry in density with the fibre 
wealth of the individual iir«a. 'rhey include the cfffLrenl axons of ikc cells of the 
gmngtionic and of the polvmnrphous kyera and the afferent projectionp asw-ifliion end 



Fid. R33. — A dioRnim showjrj; the layers of celk and fibres in i|ic firey matter of 
the coneK of the human certhral hemitphen, acDordiiig to hisTologi^l 
mrethodi of GoIki, Nkal and WciRert. After BredmJinii ; from Luobjh i 
tMannman & COr, J-td.). 
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ei;immis3iiral fibres together with the axons of the cells of Mortinotti. In addirioup 
numemua horimtibil fibres iinenstct the radial fibreSr They arc derived frnm (u) the 
branching axons of Golgi cel is, type 1 1 ; (A) CDllaierala of the sxons of the large pjTB- 
midnl mud polyntorphous edh and of the tells of Mmrtinotti; and (c) the collmtemla of 
the incoming fibrea^ 

The ccUa which consdture the grey matter of the cjortct show great variation rn 
their size and shape and in the mode of behaviour of their axons and dendrites. The 
pyramidal ceUs, the cells of MmrtinQtti^ and the Golgi tclisp typw IL oonadtute a very 
Ume proporriort of the totaL {a) The pyrninidal cellsp irrespective of their size and 
their posiejon, send basal dendrites into the aurrounding areup and apical dendritoa 
towards the surface, where ibev terminate by arboriaing in the molecular kyer+ Their 
axons arise from the hose of the cell or from cnhc of the banal dendrites and run cen- 
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TmJty into ihe deeper lnytirfi or Into the white maltcr, Fhey coiS^teralSi m-any 

of which ascend to the more superficial strata. The sniall pyraiwidal cells arc very 
suKcptible to the effects of lotal ansniift. (jS^> The eclEa of Martinotti may ^ p>Ta- 
midaJ^ ovoid or fuiiform in shspe. They arc characterised by the course of their 
which ascend to reach the Tnolecidar layer and there divide ioTo tangential branches. 
Thw cells are found in all the lay era of the cortca, but are JarBeat and most numerous 
in the polymorphous layer. Many of the afferent fibres to the corte* tcrminaic by 
arborising witli the dcndriies of the cdls of Martinotti. and the impulses which tferj" 
convey ore carried by the axons of the same cell* to the mokculur layer where they 
establish contact with the dendrites of the pyramidal cells, (r) The Ooigi cells, type 
11, vary in size and in position. Thty are characterised by the shortnesa of their axons> 
which never leav-e the grey substance althouih they may pass frnni one layer m anolher. 
They establish coniraions between cells in the same layer and atw between cells m 
different layers. The great profusion of these short axon cells is a distinguishing 
feature of the human corteS- They provide chains of ncuronts which not only syn¬ 
apse w'ith, Lneoming axons but also with each other ia series and frequently all of them 
with a dendritt or the cell-body 

Fig. a diagram to iliustriits the part pkyed by 

B 0 EI 14 of the smilt intraccrtical neurones in irin- 
forcing afferant inniptils*i, (After Lorente dc NA.) 




pyra. 

eeli 


of the same effector neuroiw. 

Further^ an ttscending collateral 
from that neurone s^mapies xci th 
the units of the chain {fig. SS^Jk 
I n this wmy it is msured that tbi^ 
originoi incomLne ner^'c impulse 
is capable of startine a series of 
impulses which bombard the 
eifector neurone, not as a single 
volley but at very short inter- 
vmls^ and this bombardment 
facilitates trancmlaaion of the 
impulse through the cRcctor and 
is immediately repmted through 
the synapses of ils oolinterala. 

Many of these chains are not 
restricted to short axon cells bul 
tnay include cells with Iflnger 
axons which s^Tiapse w^ith cells 
in other layers. The chainsu 
thetcforCn may be extensive and 
offer a multiplicity of pathwaj^ 
leading to the effectoia. In this 
way the limitations impoMd by 
the characte rof the nerve impulse 
and ixa mode of propagation 
{pp. 9t7, 919) are cmiipensated 
for by an arrangement winch 
cnabl^ M single mcoming im^ 

pulse to * touch off' a krge , . il t 

number of different pathways towards thfi effector cells. It is conces^^ble that onJy 
a proportion of theJtc pathways is passable at any one time and dioi those utilised 
are determined by a pre-cxistkig pattern Cp. which facilitalfs their passage. 

It hsa been earimated that the brain contains at least ten thousand million neurones 1 
moat of which arc linked up in rircuics of gtcater or leaser complexity by niuncmus 
■itemative pathways. The vast profuaion of these neuronal coimcxions opens up 
unlimited poastbilities and indeed bofEes description. 

The researches of Brodmantip* Econo^,! Lorentc de J and others into cor¬ 
tical structure, the crnbryological investigations of Flechsig and the expenmcntal 
wutk of SheiTingtO'n and niony otIicrSi have shown that the cortex of the cerebral 
hemispheres can be mapped out into a number of areas w hich differ from orw 
another (ti) in the details of tlicir siructuru, (b) m the peritMl of mycbnation of their 
efferent fibres, and (e) in their functional gignificance. 

Of the five fiuidamental types which Economo recognises in the cortical struc¬ 
ture of the ncopallLump the agranular and the granular vnrieties arc the most dis* 

* K. Brodmonn, Vfrftfrnj^hertdc IjxalisaiienMUhff Grmihifnn^ i» ihjfn 
aiij GtUfid drr Z^Utftbaujet. < 9 * 9 - 

t a VCD Economo T/tr C^ioar€hiftioHk$ iff* Hvtna» Curtrx, Oxford tOiO^ 

t Lorante de N6, fw. dt., Am.J.Physu^., rojS-iwe, andj. i, 193S. 
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tinctivCp at thev represent the eistremes of the variatiotis which occvjr- i ht 
uLtir type is niarted by (he almost complete absence of ihc gnmular cells, v. hkh are 
replaced by small pyTamidal clcmenis. I (%B found ki ihc motor and premotor areas 
{4 and 6)p ificlucLing the adjoining areas 8 and 44 (Hg. S89) and also in the *>iwriar 
part of the gyms cinguh (arr^i 24). The graminF type is marked by the depth and 
densitv of the granular laycrSp by the reduuion in niunbcr of the pyramidiil elernents 
and by the diminutioji itt the total depiti of the cortex, li is foLind in the basically 
sensory areas, viz. the som esthetic 3. i and a), the \isuosensory or striate 

(area 17) and the aiiditosensory^ {are^ 41 and 42). , u 

Simplified maps of the more important cortiL'a! areas, with Brodmann s number- 
ingp are mctudcd as figs. 889 and S^t. Owing to the increasing use of llicse 
diEtingufshing numbers by neurotagists and physiokKgists they are included in this 
edition, in brackets ias a" rule* Tlic reader should note that the arei^ arc not 
numbered in serial order and that the nnmbcra themselves have no significance 
beyond their value AS labels and ubbrcviaiinns^ 


MmiODS OF 1N%TZSTIGAT10N 

Before the mdividunl cortiedi area* and the function;! with which they are pir^ 
dominanity contcimed cari he described iotclligibly, brief reference musi be ninide ro 
the mclhods which luv available for their investigation. 

Much valudhlc evidence has accrued froni chc study of or irawn^tu: 

iethm in pi dents suffering fn^m disease: or injury of the brain. UnformoBiely tlie 
preeuw: cxlent of ihe aitw tUTccicd can rarely be dtleimincd with certainty and, to be 
of real vsiluc, these resLilts must be checked in the light of evidence obtained by evperi- 
meFiial methods, although the Marchi and c»lher special melhods of stainitiR have 
proved of fireut vflJue in tracing out fibre pathways in postmortem materiaL 

EUciriciil of the cortex has been utilised for many years and* in tlw 

inofor and ptetrwitor areas, has provided a ntass of ipirormalion which has increased in 
value with the steady improvernent of apparatus and with the refinement of technique- 
Tn recent year? iify'uhninc has been used as a lutal stimulatinK agent, a square mm. of 
filter paper, soaked in a 3 per cent, soturion of the sulphate being applied 10 the exposed 
cortex. This mcth(Kl, which is termed phynofo^tai through die 

Evnapsrs and ‘ firvs off^ ihe neurones over which it is applied in ^jVrrrfOPi 

fl/ coadry-rri^^Tf. During the process the electncal condliirin of o^cr cortical areas (and 
of flubt'orriral nuclei) may be recorded and changes of electrical potential art con¬ 
stantly ob rained from those to w hich ihc strychninlscd area projecfc*. 

Derliwboff of parti nf $ht! eorttx by ablacionr ihemw-EXiaguJotion or by the removal 
of the covering pia mater and iia vessels have been employed and the subsequent 
effects on function have been noted and the letultlng degenerated pathway's have been 

traced in many cases. i- . 1 

Ifiniions thf cartrx^, aimed ml cutting specified ttmups of subcorttcal fibres, 

have been employed cxpcrimcntany in animals and in the suqzik^l procedure orithnally 
temiei! franitil Ifactifomy and oow ostially labelled prtfraniot pibftta¥ny\ 'I’hip operation 
is now often untiertzken in cases of pmround mental disrurbance which have failed 
to respond to other therapeutic measures, with the object of dividing the fibres which 
project on m the frontal area of the cortrX (p* 104 J>. 

!t should be noted ihat all these meihiAJs necessitate some extraneous interference 
and the information they provide may often be suspect on that account, The intro¬ 
duction of ihe flfptrp^^cephtdn^raph has, howevct, provided a means of cxantiioatiun 
of the electrical comlitinn of diHereni areas of the cortex under nomial conditions, at 
rest, in aciivity and during sleep, .As the iiisirumcnl am be utilised for the direct 
examination of the cortex, not only in experl menial snimais but also in man dunng 
the course of ^reicxl operatioiu on the brain, the ns^ults of indirect rauunination 
through the skull land iht tissues of the $calp can be as^s^ed and the necessary allow'- 
ances mndcr Klectro-enoephalagrdphy has shown that rhythmic ekauges of clecirtcsl 
potential can be obtained constantly from all acoessihic areas in normal subjects and 
that they urrdcTltn varying modificfliioris during con^ioufi activity. It can therefore 
be inferred that the hrain is normally in a itate of alini>&t oonatont activity even though 
only a amoll part—^Sf any—of this irctivity teaches consciousness. Some authorities 
believe that this tinconscious setivio^ plays an imporbuit pan in maintaining open the 
countless pathways and ctccuics and the ncureocs eoncenied facili laird. Tliua, whm 
the need arises, appropriate consciuua responses cart be aroused w'ith minimal delay. 

In the resting condition the paricto^-occipito-tempocoJ region is dominated by the 
ofphti r/iythm^ which lies within the range 8-13 cycles per second^ but when the 
Hitmtinn of the subject is aroused, the rhythm changes to one of higher frequenev^ 
Ore the other hand, the frontal part of the cortex is nonrnally dominated by die fteto 
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rhythm, 14-15 tj's. srni this pcrststs both nt mt and durifig attention. Abnormol 
rhytEma occur untlcr pjiEhmlog^ical conditions, epilepsy* brain tumours, etc,, and 
provide informarion which hm ft rcftl dtnietJ vaJue. llie ph>^ioUH?iC 5 ii processes 
which underlie the elccrrical activity of ihe cortex arc &rilt the subject of considerable 
controversy nnd hitherto the results obtairted by elcrtTCMencephalograms of noitnuh 
healthy subjects have addeil little to ouf lowwledge of brain function. Li must be 
stressed ihai there appears to be rtd obvfE)ui inter-relation between the structure of 
the contx in any given area and the character of its electro-enccphalDgram. 


I'HE CORTICAL AREAS 

The precentral area includes the prcccniral gy™s and the postcKor portions 
of the superior, middle and inferior fronti^l gyri* 'f he w hole of this arcii Is chanae- 
terised by the almost complete absence of the granular layer. It shows a w ealth of 
intmcnnlcal fibres and the molecular layer is unusttally dense. 

preecntr«d area is divisible into anterior and po^ertor parts (fig. I'he 

posterior part, which comprises the whole of the precentral gyrus^ and the adjoining 
part of the paracentral Inbtilc constitutes the nuftftr ttrrn {nfea 4.} of the cortex, 1 he 
anterior pare, which comprises the posterior portions of the auperinr, middle and 
inferior frontal gyd, is termed the pnmoior area 6). Experimental evidence * 
has showm that the motor area plays a predoininant part in coritrolling the vuLiiiunal 
mevements of the opposite half of the body and th^t the paracentral lobule (which 
Is also concerned with the cortical control nf micturition and dcfxcatiEm), ingethcr 
with the upper pan of the prcccntrid gyrus control the movements of the lower 
limb. Below*, and in the order given, are found the centres for the irunk, upper 
limb, face (upper part), biyns, lifw* jaw, tongue and phar> nx. I'hc clinical evidence 
and the evidence obtained by electrical stimulation imJicftte that these centtes ate 
not sharply separated from one another but overlap considerably. 

In lower mammals tlic motor centres are dispocicd a broad, antempostcrior 
strip adjoining the longitudinal fissure, the head area occupying the most anterior 
position and the lovrer limb the most posterior but in tile higher fornix the great 
expansion of the Ifi^ntal region extendja backwards bct^vccis the hssurc and the areas 
for the head, fore limb and trunk, which therefore come to lie below the hlndlimb 
area instead of in front of it.f Although, ivith more delicate stimolatora and more 
refined methods^ some observer^ have succeeded in obtaining contractions of single 
muscles and even of groups of fibres in a large muscle, it remains true that the prime 
function of the motor area is to inktait and organise purposive movements, for r'r is 
mtjvcrnintt urid not hidividuni musdtt whifh ate represented in the cortex. 

Large pyramidal cells are present in the ganglionic layer thniughout the w hole 
of the motor area. I'hey vwr>^ tn height from 30^ to izo^, and in breadth from j 
10 6c^, the largest being termed ihcgfani pyramidal ceik of Betz. These occur in 
small groups and are much more minterous in the paracentral lobule and the upper 
part of the precentral gii’ms than in the middle part of the gyniSi where they arc 
found only in Its posterior half. In the lower third of the gynis, Iktz ocllx are 
vciy^ few jfi number and are restricted! to the anterior tvnll uf the central sulcus^ Betz 
celb, the nuinbcr of wliicli has been estimaicd jt ^o.ooo.J must nol he reprded 
as specific cells but rather as the largest members of a particular group of large 
pvTamidal cellx, all of which send their axons into the great corticospinal and 
corticunucli'ur (motor) tram, a path^ray that contains between 750.000 and 

1 ,000,000 fibres-I . . , 

The prrmotiiT area resembtes the motor area m structure, except for the absence 
of the very large pviamidsi cclb from the ftanglionic layer. The two areas stand in 
very intimate relationship to each other from tlie functional standpoint, hut the 
prcdxc rclaticnship is bv no means easy to define. Some Idea may be conveyed by 
the statement that, whereas the motor area (4) plays a predominant part in con¬ 
nexion with the production of voluntary movements, the premotor area (ft) appears 
to be ?««vi-iairit with the control of the orderly series of movements which con¬ 
stitute acta. The young child experiences no diHiculty in performing individual 
• A.S. Uytnn.uiilC,S, Shrmnciufi. QuaT.J.Exper.Phviitil; igi 7 : «od W. PenfieU. 

and R. boldrev. Brain, 60, 1037 - 

t A. A. Ahbit, Eiiayt in Biology. Burkitt Memoruil V elume. 1048- 
I A. L^Bsek, Arch. Nnird.. Ptyrhinl., 44. mo. ""t* 47 r i 04 a- 
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but has to learn by repeated efforts how lo cam' out en the simplesi; 
acts, such as putting on or buttonmg a coat. Evcrj^ act calls for the performance 
of a compheated sericA of movefnenitB which nuisi be carried out in their proper 
sequence and to their proper extent^^ and forms a sort of paitenip w'hkh is capable 
of registration. All skilled acta must be teamed by Tq>ealtd cfTs>rts, and their 
nvtstery means that their pattern 3 ias been impressed on the nercc celb and the 


Fig. iS7.—A dta^^ram thowing five different typt^ of cciehral cqrtci. 
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piithi^ays concerncti in ihe preccntnal area and iilao. concci^-ablv, in other areas of 
the cortex, in (he cerebeiUitn and the rartous parts of the exuapyramidal avstem 
(p, 1076). , . . ' 

The condition of apraxia, which is normal in the young child, mav be met with 
in later life as a mmifestation of a pathological condition indicating a cortical or 
subcortical lesion in the neighbourhood of area $, Such patients are able to carry 
out individual niovemcnts without difliculiy, but they cannot perform coordinated 
mavcitients, siich as lighting a pipe. 

Immediately in front of area 6 there is a leas extensive area (8), which is very 
similar to it in structure but shows transitional changes anteriorly as it passes over 
into the fraHiat ana^ 'ITiosc parts of mem 6 and 8 which occupy the posterior 
portion of the middle frontal gyrus are concerned with the tnovements of the eyes 
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and constitute the fwntal fieid. ElectriGal :gtiiiiukticii of parts of ihis field causes 
conjugate deviatbn of the eyes to the opposite side and other ocular movements 
(fcf oto p* 1046). 

FindilVt the whole preeentrd area is closely assocEsted with tJic cerebellar hemi¬ 
sphere of die opposite side. On the one hand it contributes most of the fibres to 
the ccrebro-pond-ccrcbcliar pathway {p. 963) ^ on the other, it receives the 
project lEin of the ccrnbello-thalsimci-cortical fibres and t5( tensive lesions of the 
area are assi>ciated with degenerative changes in the contmlatcnil dentate 
nucleus,* 

liroca^s aw (44 and 45^ fig. SS9) is a specifllly elaborated part of the premotor 
cortex and plan's an essential nfilc in connexion with the hiryngeal, lingual and other 
movemcnif ernployed In spefxrh. Jt in often described aa the niotoF sp^eth anfre. 

*l'he frontal arra extends from the premotor area to ilie frontal pole and mdudes 
the medial frontal gVTiis In front of aw S (fig+ S91)- Some authorities consider, on 
phvaiological grounds, that it should include not only the orbital gyri hut also 
the anterior part of the gv rus cinguli, dealt with on pp. 1048. 1049. 

Histologically this area differs from the adjoining piecentioJ area In the re¬ 
appearance of the granular layers ajid in the diminution of the number of intra- 
cortical fibres. The ganglionic layer thowst a corresponding rtduciimi in the aizc 
and number of its cnnstituefit cells, and the pohonorphous layer is considerably 
reduced in depth. 

The frontal area recei ves tf^tren/yffrrer from the medial nucleus of the thalamus, 
which appear to have a * point-to-point' relationship, as well os others from the 
siipcriiir part of the lateral nucleus. It send^ fibres to tlic medial thaJamic 

nucleus and 3ls<i contributes fibres to the fronto-pontine pathway (p^ 9^3)- 
addition, nunierous eonnerions with the prinuirv^ sensoiy areas through the long 
artuaic fasciculi (p. 1059] have been ntsiumed but. hitherto, eonfirmation has 
been lacking, owing, in pan at least, to technicaJ difficult tea. 

Because of the absence of gross symptoms following many ca&i^ of injury and 
disease^ the frontal area w as long known as the Sfleni arm of the brain. It haa been 
generally accepted that it analyses incoming impressions into thmc which ami^ 
feelings of pleasure and wdl-liing and those which are unpleasant or distasteful. 
It determines the pen&onal reaction of the Individual according to the alterations m 
feeling lone, modified or intensified, as tlic case may be. in the light of post expert- 
ence, and is therefore responsible, in a general waVi for behaviour and conduct. ^ It 
is also concerned with attctitiDii and the pow'tr of mental concentration, and with 
emoliortal monifestiitirjns, llicsc views receive considerable support from chmeal 
evidence, l^ions of the fmntal area^ whcihcr cortical or subcortical^ commomy 
result tn some alterations in the chaiactcr of the paiicfit alterations which may be 
60 eiight as to he recognised only by hi a intimates^ or may be so gross as to be 
obvious to any cibsener. "^fhe operation of pTr/nmiai Iob<^f*my h^ in many crises 
been efficacious in aboLLshiiOg ODSCSsional and other seriously disturbed mental 
states, and has also been performed when the operation of cordoioFTiy (p. 9 ^) 
failed to Tclicve the constant distressing pain in some cafiL-s of inop*^nibIc cancer. 
In the latter cases the patients, when subsequently mtcrrogatcd, have said that they 
still had the pain but that it no longer distressed them, and it mav be that the section 
of the ncnx" fibts^s inv olved in the operation, iiad interfered with 3 *imc of the path- 
wavs concerned in fixing aUeniion and concentnuion. , i_ 1 

The concept of the functional activities of the frontal area outimed abo%'c have 
recintly been chaUenged f on more grounds than one. It is claimed that the im¬ 
portance of the frontal ma has been exaggerated and the significance of its lhakmic 
and therefore h^mothalamic. connexions has Ik-ch undereatunated. It is pomted out 
that the Ofilv ircualc fibres of the frontal area which have unequivocally 
identified arc those from the frontal eye field to area iS. w hde. on the other hand, 
a wealth of association fibres pass to and from tbt tempuTal and the pancta assn- 
ciatton arista. There is evidenn?. too, that the expansion of the biter areas in the 
process of cvijlution has equalled, and may even have exceeded the CTpansion of 
the frontal arcs, which has hitherto been accepted as a specially chataqtcn^c 
feature of die human brain, i'rom the physiologt^ standpoint it is suggested that 
the froiito-thaljmo*hypothalajnic connexions indicate that the real importance o 


• O, E. SmAth, I&4, lO+l* 1, r r it 

t \V. E, Le Cf« c:iurii,i^l»«r, I. lots : and \t’. Ritchie Rowell. I, 
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the frontal artii ties in the Db^ioua inference that it pravjdes -a. cortical motor area 
for the autonomic spiem.* 

The postcentral area occupies ail but the lowest part of the pDstccntral gyrus 
and is continued over the superamedial border into the adjoining part of the para^ 
central lobule^ It b divisible Into anterior and posterior parta^ which show certain 
differences in structure and play related, though disdnet^ parts in the reception and 
appreciation of somesthetk impressiona. The anterior part (ureu 3^ bg. 88^) is 
characterised by the number or cbaiactcrisiie cells in the pyrauiidsl byer, by the 
density of the granular layers and by ihe breadth of die outer band oF Bailbrger^ 
Tlie bluest cel Is are found in the ganglionic laycr^ but they arc smaller than the 
giant cells of Betz and they occur dfscretely instciid of in small clusters. In the 
pTkSterior part {arear 1 and a) the large pyramidal edb are reduced both in size and 
n iimbcrt and the inner granubr layer, though rather w ider^ b nut so densely packed 
with celis* 


Fic. S&8,—The arcM of LoAlisation on (he iatenil surface of ihc left 
cenehnit hcfnispherc. 



tn mL Sorn^Uwtic m bh». Audrtrjry irai in ar**rt, VinjiiJirMiPiveaiw 

PTnpnfW4n«in|iiiih^ TIk the i»d v^uil puw In 

liflilid- brtlL 


The postcentral urea receive* afferent fibres from the thalamus, which represent 
the relays of chesamBsthetiefibresofthe spinal med ulkandbraln-srem. I mptdse* of 
both esteroDeptive and praprioceptivc sensibilities stream into the postcentral area 
and receive their full recognition in cooscioiisnega. The anterior part of the area may 
be regarded xi the actual receiving area for all varieties of somestliBiic sensibriity, anti 
the posterior part of the ares relate* them with past eacpericnce and so renders 
possible their evaluation and diKrirniiuiuoii. It is therefore nsponsibte for the 
tactile element in steixognoaia, i.e+ the recognition of shape and testure, in its 
widest sense, without the aid of vision. ’ 

The topical localisation in the postcentTal area corresponds, generally, to that 
in the motor area.t The genitalia and anal region and the lower limb ^low the 
knee are represented in the paracentraj lobule. The knee and thigh occupy the 


* J. [■'. Kulton, Fuacliamt iMoUnuan tt* t)it Fronia/ Lobtt rtW Ctrtbeaum, Oaford 
i 94 a< ' 

t C. ^ooUey» * H. MsrihBlI Btid P. Bard, jahat MopA, //er^. to, 104* ThcM 
chseneTS, by ‘ leaden^ off from dinermt psm of the nmeerhetii: oortea of nwnkcTi while 
spplj in# uetilE eiui oihcr iiiimiJi Id ipeeifk culmeoui arm, found ihsi the eonroal senwrv 
rtprttmiation wm apparently ManwntiJ. but with * curknu break in the ecntingitv The 
iwyfico], sacrtl and lowest lumbar irjjirienrs wm identified in the peracentml lob^ and 
the remaininR lumbay ipd the ihoradd seurncnb in the poitmural ny™. but iht first thorade 
Mgment ww au™drd by the «coed cmical «itmtiit, and ihii by the other oervjoil ku. 
mentt in numeriod order, lo that the m«tmtnat a™ adjoined the eighth emieil segment. 
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superior part of the postcentral gyrus and are succeeded by the tnmkp upper [imh^ 
facCp mo util ^ Lps and tongue, htfii/diiig in that order i The area in which the 
hand, ftngera and thumb are represented is, as might have been anticipated, dig- 
proportionsitelv large. 

The visual area of the cortex indudtsa the greaier part of the ocdpitaJ lobe, and 
is subdivided into the t^isuos^&ry or striate area and the tmiop^ehic ana* 



Fic. A diaRiam of the IjUend Aspect of ihe kfi cerebral hemiaplicrt^ ihaw^ 
inir tome of ihc cortical EJxaSA. (After hrodnumn,) 

Obhscjve ihni atm iS U buried in the lunsTC 4ulciu snd that, on this sccduntp 
areas and art ccmci^iUDU* aEong tbc line of Uk sutcui. 

Compare with hR. 


rM u-d in ^ «d*f. Un tM «*i 13 * 
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j uij uwrhMer ire*: O n —ihtiii«hW bItJ, wrrm ■la. - 

iJmAn vtnT W“d ^a-p-Kiwrr *rM»^ ij-snuir* 

jrei 3 uEM 18 "prfcniMTWie mta 1 km 10 * peffwtrurtE aiefc 


The vlsuoscnsory area {atfn * 7 ^ wcupEcs the ^vall» of the posterior part of the 
calcarine stilcua a[ni cxtcfids on to the surface of the euneus sub ^e lingua] 
Evnjs below. Posierioriv it mav not extend beyond the otxipiuU pie; when it dtto 
citend on to the con«x surface' it Ui limited by liie lunate sulcus in front, and by the 
polar sulci above and below, .interiorly the visuoamsory area oc^piei the ^r 
of the calcarine sulcus and the adjoining pan of ihe hnpal pyrus (fig. 091). The 
whole of this area is chaiacterised by the conspicuous oHHd/ firm, which is quite 
obvillua to the naked eye (fig. 905). and by the aha!lownt«s of the cortex. Over the 
anterior part of the area the stria is broad and a darker ajrip li^ on its irmcr side. 
In the polar region and on the lateral aspect of the hemisphere, it becomes narrower 
and the accompanying dart band disappears. I his change in thej^aracter of the 
atria corresponds ‘o » diffcnmcc in the retinal relationship of the stmte arta (tide 
in/ral Histologicallv the vlsuosensory area pre«ntf four distinguistimg fcatua-s, 
(0 the deeper pit of the pvniniiilal layer con^ a few large stellate culls, which 
almost entirely replace the laige pyramidal cells normallv found in this portion. 
Tliev are hartzonlallv pbeed and were regarded by C-ajal lu specific visual tells, 
fa) the outer band of llaillarEcr is bread and conspictious, rtin.smuting the viraaf 
Uria {Gennari). .Although it contain* many fihrp from the optic radial 101^ it 
appears to be formed for the most part by intr«om«i1 jb)JJ« 

ganglionic layer contains the large, solitary cells «f ^Mcynert. Fhew are p^m^ 
in shap. mrnuring about 30>r. ind are srmnged m a 

Their dendrites extend for a considerable dtstanrt, enabling the cell to coll«t im- 
puUes from an extensi ve area. Their axons, which are baMl, pass directly nio the 
subjacent grey matter, traveree (heoptic nuliation and end m the supnor col iculi^, 
or the adjoimng part of the niid*hruin. (4) The outer and, more especially, the 
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inner gninnLir layers lire very tpnspicuous and the small cells which they contain are 
clusely psdeed together. I'hc cnomioiis number of these diminutive clernents is a 
cliaracteiisiic feature and will be appmcLitcd more iiilly ^vhen it ia stated tliat the 
striate area contains approximately one-tenth of the total number of the cells in the 
cerebral cortex. The inner grahuiar layer appears to be duplicated. It receives the 
terminals nf the fibres of the optic radiation^ each of which ends in relation to 4 
number of granule cells. 

The visuMensor)^ area Is the cordcal ncxeiving centre for visual imp regions. 
Colour, siz^f form, motion^ illiitnination and transparency arc all recognised and 
appreciated in this area. The recognition and idcntiftcatjon of objects, however, 
requires the co-operation of the adjobing visuopsvchk area. 

Owing to the partial decussation of the fibres of the optic nerve (p* 1015), the 
risuosensory cortex of one hemisphere tecci%'cs its impitssions from Uie temporal 
part of the redna of die same side and from the nasal part of the retina of the 
opposite side. The npper lip of the posterior part of the calcuriftc sulcus is 
associated with the upper quadrants indicated, and the lower lip with the lower 
quadrants (fig» Tlie area for the macula occupies the posterior portiem 

extending backwards to the Junate, upwards to the superior pnkr and dow nwards to 
the inferior polar sulcus. As might have been rnfemed from tlie slsir uf the macular 
area in the lateral genicuktc body, the macular area in the cortex is much more 
extensive than die cortical area for the peripheral retina (fig. R72), 

The ^ point to point * relationship between ihc retina and the lateral geniculate 
body^ which has been dernonstrated by the experimental methfKl (p. 1006), has 
received further confirmation by the deierminadon, by means of the electrical 
method of invcsiigation,* of 3 " point to point" rclationsliip between the retina and 
the vxsuosensoiy cortex. 

So far as its efferent cortico-cortical fibres are concerned, all the a^uilable evi¬ 
dence appears to show that the striate area gives origin to no long arcuate fibres 
and that its shoit arcuate fibres arc restricted to the surrounding parastriatc arcan 
The visuopsychic area {ar^ss i3 and 19) surronnds the visuoscnsoiy- area 
except in its anterior part, j-lr^a tS, which is in surface continuity with the striate 
arcKj ia lemitd the pitriistriair {mtcu andi on its outer liOrdcr, it ia iii continuity with 
ar^a 19, which ia termed tlie pftisfriate area (figs. SS9 and B91). Tlie cortex is 
rather ahailowcr than the cortex of the visuosensorv’ area and is cliftracterbcd by 
the breadth of the outer band of Baillargcr, which is just as bread as it is in tlie 
vtsuosensory' area, though its edges art not quite so sharp. 

'rhis area is respunsiblc for the correlation of visual impressions and their assod- 
atiim with past cx|wricnce, leading to the identification and recognition of objects and 
also to the dctcruiination of distance and tbc proper orieniadon of objects in space^ 
liy means of ph^-BiolfigicaJ neuronography (p. 1040) it has been bIiowh that area 18 
^ fires * the adjoining parts o( arem %j and 19 and also the contralateral area 1S4 
Area t^, on the other hand,' fins * only area 32 (and, acciirding to some authorlttcs, 
aren 31) on the medial aspect of the hemisphere (fig. 891}. On electrical stimuU- 
tion it has been shown to contain an ' occipital eye field which gives rise to con¬ 
jugate deviation of the eyes to ilic contralflieral side and to constriction of the pupilj 
through fibres which descend thmugh the posterior part of the tntcmal capsule to 
reach tlw nuclei of the cranial nerves concerned. J This dscending pathway is 
regarded as part of the cortically integrated rcEex arc concerned with the oprical 
rrficxcs of accommodation and fixation (see aho p. 1256)- Unlike the ' frontal eye 
field ’ (p, io4p die occipital eye field does not participate in the purely voluntary^ 
movemcfits of the eyes* 

In addition, area t 8 receives lung arcuate fibres from the region of the frontal 
eye field, and this is one of the few long arcuate fibre bundles, the connexions 
of which liave been dearly established, 

The parietal area is'situated between the visuaJ area behind and the post- 
central area tn front, and constitutes one of the large association areas of the hemi¬ 
sphere. HLxtologically xlm area is characterised by the absence of large elements 
from the ganghonic and pynimidal Liyc« and by the brcadUi of the inner band of 
Biillarger. TT^e outer and inner granulaj layets are well developed- 
A. Tilbot md W, tl. Mftnhall, Ophi^tni., 11^41, 

f G. vxio Bonin, li. W, Gmml and W. S. MoCnlloch, BicL Synippiia^ % 1*^42. 

I tt. W. » 4 rri», W. R. Tofitam and 5. W, Ratifion. J. Comp. N^uro/,, ^ 3 , , 936 , 
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Owing iQ its pqsition relative to Uie visual, soniestkclic and auditor)' areas, the 
parietal area is ads'antageuiisly situated for the puipose of correlating items of 
information obtained from these sensory areas and it is commonly believed that 
through the activities of thb pan of the brab accurate knowledge of objects and 
iheir signLficance is obtained and retained. The inHoiv of repeated sensor)' im¬ 
pressions—visual, tactile and proprioceptive—arising from frequent handiing of an 
object, tavs down a pattern which enables the object to be identified thr aid 

ofvititm and thia ia termed Cortical a-lls, similar to the one depicted in 

fifi- SSfi* tti^ether with countless associaiion fibres, play an important part ki the 
establishment of Uiis pattern and in the process of its cfttahlislimcnt by repeat!^ use 
the circuits concerned become radlitatcd so that the pattern itself can readily be 
evoked. Loss of stercognostic sense—' swtereognosis is regarded as clinical 
evidence of a lesion affecting the parie^l lobe, although the diagnosis of the probable 
position of the lesion within the lobe w ill in most cases depend on the other signs 
and symptoms exhibited by the patient. 

Lesions of the inferior parietal tobulci especially those affecting the angular 
gyrus, interfere with the sensory speech pathways and uaually manifest then^elves 
by eaiising complete inability to understand the written or sp^eii word, despite the 
fact that vision atid hearing arc both normal The connexions of the angular gyms 
{a™ 39) with the pulvinar (p- iwj) niay explain the inability of such patiptsto 
read, but the interconnexions bciwccn the three great sensor)' areas and their con¬ 
nexions with the motor and premoior areas arc so numeroiis and complicated that 
they defy complete analysis. ^ 

The auditory are* of the cortex is associated with the supenar teni|»fal gy'rus 
and the transverse temporal gvri» Like the visual area, it can he subdivided into a 
senaon' and a psychic part, the latter adjoining and to a large cstent surrounding the 
former. 

^J'he ^lUi'/iYojfflJory (orriW 4^1 4*^) occupies the anterior craiiavcrse temporal 
gyrus. wKich lies in ihe lioor of the posterior ramus of the lateral sulcus (fig, S78I, 
and extends^ for a short distance and oi^cr a limited area^ on to the lateral surface of 
thf superior temporal ^‘■fus bcloit and ’bThirid the liiwcr end of the central sulcus, 
i listiilogically this arcs of the cortex is chaiacterisetl by the arrangement of Its cells 
in columns set at right angles to the surface, tire thickness of the outer and inner 
grtnular byem, and by the grcsi number of bbres w hich are found throughout us 

whole depth. , . , - ■ l 1 

Afferent fibres reach the auditosensory area from the medial geniculate ^y. 
after sweeping below the Icntifomo nucleus and romiing tJic acoustir raJiation. 
Rcoenl investigations bv the electrical method * indicate that there i& a spatial co^c- 
spondcnce between the cochlea and the auditosensory cortex. In the cat the apiral 
turn of the cochlea, which is tuned to notes of low pitch, soppljesthc postcromedia! 
part of the area, while the basal turn, which is tuned to notes of high pitch, supplies 
its anterolateral part. In the adjoining audiiopsychic area, however, the apical turn 
is represented anieriorlv imd the basal turn posteriorly^ ^ 

In the auditoscnsoiy area auditory impression* reach mnsaousness as 
and their loudness, quality and pitch can be differentiated. Tliedire^on from which 
the sound comes and its character, whether rhythmical or arhythmiial. are also 
determined by this part of tiw cortex. The significance irod the sourix of the sound, 
however, rcqmn: tbt adjoining audittspsychic area far their elup ... , 

EfFcrenl fibres frain artas 40 and 41 the regianfi of tho p)t: fields in the 

frontal fp. 1043) and occipmt fp. 1046) lobes, add the corresponding of the 

two heildspheres arc connected by fibre which tnn ec^ the ^rpus <=aljosum. 

'I'he auditvptychic area {area 22) occupies the whole of the remainder of 
superior temporal gyms. HistoloBically it resetnh es the auditosensotj- cortex, but 
th?iranular lavers Se shallower and the fiyramidal layer is deeper. 
too'itnpressioks roceivc their interpretation and can be differentiated from one an- 
other, as regards their probable source and origin, by associstion with ^t experience. 

The l^e temfutral area, which includes the ivholc of the middle imd inferior 
temporal g^-ri, is very similar to the aiiditopsychic area in 
Lesions of this area are accompanied by a more or !e® marked disturbance of 
the audiiopsychic functions. Although there is some evidence of the presence of 

• J. c, a. Lieldidrr unci K. D. Kf)tcr, Fed. P^K.Amtr. Sec.Erp.BM.. ». to+a- 

tC. M. Woolrey and E. M, \Va!»l, JoAio Ilopk, Uorp. Bull., 71, 104a, 
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Lcitcrcortical conn^rxiona wit}x arra it niiigt be confessed that auj knowledge of 
ihc functional signtticanoe of tliis brge part of the cortex is mcagrr, 

'I'hc insular area cDfnprjsea the whok cf ihe Insula, lilstDlogicariy rw'o types of 
cortex are recognisable. Tlie structure of the cortex of the long gyrus shows rmny 
points of reserTibl^ce to fhal of the Temporal ar<?a, whereas ihc cortex of the short g>'ri 
is more closely allietl to the cortex of the pnrahippoc:a£np!il gyrus. No adcretit thafiunic 
fibres have been liemonstruted in ewnnexiun with this cunie^ area, but the results of 
electrical sdmukuort suggest its connexion wjih tlie nlimentary tract * and may be 
correkted with its intimate lopographical JclaEiorLshlp to £jrm 1J (p. 104^). 

The cingulate area compriaca the whole extent of the gyms cingulip which> on 
the grounds of its structure* is divisible into three parts* v\z+ areas 24, 23 and ju 

Area 24 (fig. Sgi) occupies approxiinatcly the anicrrior half of the g>Tus and is 
characterised by the paucity of the oells in ibi granular layers. Affmnl fibres are 
received from the anterior nucleus of the Lhalamust and,'in this way* it is linked 
with the hypothalamus- Its efferent fibfn pass to the caudate nucleus and to the 
adjoining areas 32 and 31. When subjected to electrical stimulation it exercises a 
variable effect on the pulse rate and on blood pressure* depending on the intensity 
of stimulation, and produces other autonomic effects, according to the part stim¬ 
ulated. On this account it is regarded by some as an integral part of the frantaj lobe* 
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FiCf S90+—The arr« of loealuBtion on the tticUiat surfdec of the left 
cere Ural hemiiphcrr. 
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Ablation of area 24 in monlteya has a airiking t'lT«t on behaviour and conducLf 
Fear and anxiety rcarticins arc tost and ihc anJmai appears to be apathetic towards 
its fellows and its eai irvinmciTi* Ii has been aujEgested that the bcnefieial ciTeeta of 

K rerrontal lobotomy obtain ed in some case* of very serious mental disturbance arc to 
e ascribed to section of ibc coiincxions of area 24, 
jIivb 23 lies iiJiincdiaicly behind area 24 (fig, 891) but ts scparat«i from the 
sulcus einguli by area jj. It differs from rtrea 24 tn possessing well marked gran¬ 
ular layets. j-fjdfrrfit/Jiirrt are received from the anterior nucleus of the thalamus, 
but nothing is known couceming its efferent conneslons. 

'rhe orbito-frotital area ineJudea the medial franta! gyrus and tlic gyri on the 
arhiial surface of the frtuitai lobe, The medial frontal g>Tits contains extensions 
from area 8 and from the frontal area round the supcfo-medial border of the hemi- 
sphere, together with area 31, which lies immediately outside the anterior partiott 

■ W Pun field and T. Kssmuiten, Th* Ctreftra} Curiex in Man, Xew York. loto. 
t W, E. l,c Gto Clxrk, loc, dl., p, 1004. 

1 W. K. Smith, MeH/opkytiol., 8, ; snd A. A, WsnJ, ;r„ ftff. Pub!. Air nrrv 

Jitrnt, Dif., 2 ,% 1048. 
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of the sulcus cin^ili Araa S and; the froTitnl anea have already been 

discussed (pp* 1042 and 1043). 

Area 33 receives affmni fibres fruin anas 4s, 3^ 2p 19 and 24, hot nothing is yet 
known concerning its efferent fibres or its functional signihcancc. 

Of the gyt\ on the orbital surface of the frontsl lobCp only area 13 (the posterior 
orbital gyra^) calls for consideration in the present siate or our knowledge. This 
area appeara to be predominantty concerned with visceral and vasotnoior activities 
and with respiration and is claimed by some as the site of tlie cortical representation 
of the vagus nerve.* It receives iffmiii fibres from the medial nuckus of the 
thalamus to which it also sends efferent fibres. When stimulated by appbcation of 
strychnine it " fire^ off' the putamen of the lendform nucleus and the caudate 
nucleus of both sideSp the corresponding gyms of the opposite side and several of 
the hypothalamtc nuclei, including the supra-optic nucleus. In v^iew of the enn- 
nei^ion of the last-named with the posterior lobe of tJie hypophysb (p. io3S)p 
been suggested that the posterior orbital gyrus is implicated in tho^ eases ^vhere 
severe emodonal disturbances art followed by anuria. 



Flo. Sqt.—Seine of the cyto-ardiitccluml Breifca on the mediHS surfice of iht left 
cerebral hemiftphefr. QDm|>trt with fig. 
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I'hc Suppressor Areas.t—In recent yesifs many observed liave rcpurled that 
electrical stimulation of a ruimiw strip of eoitcK lying along the anterior border of 
the motor area [shown as +1 iiifi«, 8Sy) results in suppression, lasdt^g ten minutes or 
longer, of all motor activities and, in many casesp in the cessation of the etcerrit=al 
activity of the whole cortex. This itrip has been termed a iuppmsor strip (band or 
area) and four other similar areas (orenf S, 2, ig and 24) have subsequently been 
identified. An extemive literature lua already grown up on the ^bject. but 11 w^ould 
be pretnatuTe, at tliis stagey to include any detailed description in a student s Text- 
bcMjk of Human AnatomyH. since other equalJy reliable observem have unable to 
Confirm the suppressant effect on eLectriesl stimulation of the areas rnentioned. 

Further, when the sthnulaiin^ ckcLrCKies were plated in posirion firsi and the 
aniiuiil then alio wed to recover coitiplctely fimcii the effects of the aniEfithcric.t no 
Suppression of motor oc other coriicaJ activity could be recorded on stimulatlDriip so 
long ss the anirnal remained firillv con^croLtSp but, subsequent to the adiHinistTation of 
Jml—the eiucthetic cptniatwily usej in these estptrimerts—the supprewor eiT«ct 
resulted frmn renewed ptimtilahoft* . 

In the light of these inconsistent findings, the wlwk subject of suppttssion 
obviously rctiuitcs further clotilicatiO'n end iruciisive investigBtion. 


P. Baik)- DDd W. H. Sweet. J, ,V™tofAv«’o/.. 3i *94®' 


t M. HinM. Amr. ?. Phniol., ii6.1936; P- C. H^y. edit. T/w Pr^f>nrar Moior Ctwfw, 
Uiiiv. at (llinots Pt«*. t9ii; .nd W. S. NfcCullMh, Her. P«ti Aut>t. Du., 

* 7 t ^048, . , . 

; G. Clsrk, K. I.i. Chow, C, C. OiUesp)- snd D. A, K(otE, 7 - XrumphyttM., ra. 19+9. 
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Wh^n studying ihcs variotis airriciil areas and the functions with which they nre 
f>rtJ€/niittan£fy iissociated^ the reader be on Ids guard against the assumption 
that the areas are independent units^ w'orkuig in >^ater^tiglit compartments. Far 
fmm bein^NH any way i ndepen dent ^ the areas are s^.s ifiterconnecicd that the functions 
of the brain ant alwnya camed nut by i\ya or more of tJiem ivorking in perfect 
harmony with one another. 

[n Addition to the univeraaMy accepted nwtor and someatbetic areas^ certain 
supplementary motor areas have been described * tn the paiacentraJ lobutc, and 
secondary motor and someaiheiic areas in the upper Up of the posterior limb of the 
iaieral snlctus. These areas have features which render them diflicnlt lo interpret 
and further investigation is required before more can be said about them in a 
toetbouk intended primarily for students. 

'I'he Structure of the Rhlncncephalon.^Thc laminated amtngcmcnt which is 
ehamcLcrianc of ihe cerebral cottes is cuniidcrably modified in the rhinencephalon. 
Jt h found in a different fotni in the olfactory bulbp but it is almost unrecognisabk in 


Fio. —A eormiftt KKrticn ikmu^h the oifnciury' bulh. (Schivalbc.) 
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the jndi.i^ium griicLim of the corpus cuHosum. and it is anJiaie in type in the dentate 
gyms and the hippocampus. 

Actually, link h known ibout the sense of amdl and even the precise character 
of olfactory stimulation, which is commonly regarded as stunuladon of rhe olfactory 
cells in the luml mucosa by direct contact with substances in toluipon, has not yet b;cn 
demonsTfflted uiiequivocaJiy. There is a w'i.de ran^ of venation in individual acuity 
of smell and Adaptation to continuing olfactory ^tfmuli is veiy^ rapid. Although:, as 
indicated above, secondary' pathways connect olfactory cortical areas with the thak^ 
musp neither the thakmus nor the mctathalamuit acta as a rclnv station fot incoming 
unpidaea on their path to the toni^ Mid in this respect smetl differ^ from the other 
special senses. 

"nic otfactory bulb.—tn many aniitiali the olfactory bulb contains a <svtty which 
communicates with the lateral ^'cntricle through A hollow olfsirtor]^' tract. In mitn the 
%vail9 qf the butb became thickened, the ventral wall mnra so than the dorsal w'alh and 
the site of I he cavity U occupied by a masi of neurogho. A section ihrough the bulb 
demonstTates the ptcsence qf ihe fallnwing kycr^; (i) a layer of nfn r- 

fihm. —Ttic^ hbrei are ifw non-meduUaicd asons nf rhe olfactory telk in rlie nasal 
mucoss, and they reach the bulb by passing ihiaugh the cribriform plaic qf the eih-^ 
moid bniic^ 'Fhey jucend into (i| the glamerriiaF layrr^ where they interlace with the 
[emiinalft of stout,, descending dendntes from the mitral ccUa, forming a compact 
layer of srniill tuftan termed " glc^eruli {3) The molrcuiar loyer contains the densely 
packed mitral ctiif, each of which sends a dendrite down info a *g;latncnjliis\ whtle 
its Bxon ascends into (4)1 the nrrtr-fihrf iayer. in this layer the medullured aaorta. qf 
the mitrel cells turn backwards tn enier the olfactory tract and are mingled with in-^ 
coming fibre* from the other olfactory' bulb, w hich have crossed in the anterior com- 
miosurc. (5) The nrrirc^jfWu/ fayrt ha^ already been mentioned. 

• \\\ Penfwlcl and T. Kantiuj^h^ Tjfre Crr^rnl Cffritx iVf .^Vfjrrt, New Votk, 1050, 
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*rh« anterior prrforateii luhitatict is ImepukHv broken op by bdnds of fibres and 
blood so ibat iu atnicture jih4>ws no cansuuil or regular Arrangement, Its 

oirACtDr\: |K>rtkoiis Ar-e poorly developed sr«ts in the human brain. 

The pirifomi area shows a deliiiitely srtatified arfonj^ementp which differs in 
certain respects from the cortex dF the neopaUium. The mQlectitar layer is imusOAlly 
deep and contAois a number of tangential hbreSi 'Phe adjoining layer contaijiB 
m'O vane ties of cetls, eacli arranged in dumps or edl-ncsts. The third layer ia deep*^ 
and the eelh tvhich it contains are ebiefiy pyramidal in shape, and their apices point 
obliquely to tho ^urFacc- 1lie fourth layct h shallower and cotitAins remarkably few 
cells. *JTie fifth layer is thicker and contains cells which resemble the pyriunidal 
elements of the third layer. A sijrth layer, of fusiform tclb, is alto present. 

This area receives the olfactory neumnes of the fecund order ind Muds mo^t of its 
effenent fibres into the immediately adjoining part of the parahippociimpal gyrus {^rta 
=8)p (p. 1033). 


Fig. of n coronal Mction through the hippocanjpuJ. .After VilU^n 

p Infmot i&om 0/ lafered mfrirh 
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The hippocampus is nrore primiti%'c in its atructune than the piriform area and 
consists csicJitiaUy of three layers. It represents a portion of the cortex which has 
been rolled into the inferior ham of the lateral ventricle and ita superficial cortical 
layer lies in relation to the hippocainpal sulcus anteriorly and to the dentate gyrua 
posteriorly. The superficial or a7oieaihr iayer is unustiJly deep and ia densely 
packed with Tangential fibres. 'ITiia is succeeded by a thick layer of lar^e pyrnmidat 
ceils, which give off long apkal dendrites into the muleculor (a>Tcr. Their sisons run 
centrally through the succeeding polymorphous layer and pass into the subjacent 
wlutc matter, which hert? ennstitutet the u/ceio. The third layer containa pof>- 
morfihvia etUs, ftome of which are cells of Martinotti. Little is known umceming the 
Incoming fibres to the hippocampus, except for ibose derived from ihc adjoining 
part of the parahippocampal gyrus {arcu iSjj mentioned wbove. 

The white fibres of the alveus cover the polymorpl^us lawr and separate it fru™ 
the ependyma on the free, ventricular surface of the huppocampus (fig. 893). 

The dettiiitc al^ consist of three layers, rii. a tnolccular kycr^ a gnmular 
Uver and a polymorphous layer. The axons of the cells in the granular layer pass 10 
reach the pvmmidaJ lavcr of the hippocampusH where they terminate by Arborising 
round the large pyrontldal cclU. The poh-morphous layer contains many cells 
which send their axons through the adjoining layers of the hippocampus to reach 

the alveus. ^ 1 . .1 

The curious interlocking which occuts m the region of the hippocampus and the 
dentate gyrus {fig. Sgj) requires explanation. As thfi hippocampal formation becomes 
defined, the cells which ultimately form the dentate gyrus fie oti the fringe of the 
pallium and immediately adjoin the chorioidsl fissure. 'Hie constituent cells of the 
formation proliferate rapidly* and as a result they form an election which protrudes 
into the CAviry of the vefilriclc, Tic cells w hich form the iniermcdsatc layer of the 
hippocampus are directly cortttnuous with the granular layer of the neopallium on the 
one hand and witli the intcrmcdiaie layer nf the dentate gyrus on the other* As 
growth proceeds, however, the continui^ with the cells of the dentate gyms is broken, 
and the latter^ as seen on transverse section (fig. 893)1 f*mis an isolated strip w-Itich has 
all the eppenrAnce of being inserted, secondarily, into the infolded cortex of the hippo- 
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campu-'i. As n mult, the molecular layer of ihe denmte gynjs h in direct contflci with 
ihe corresponding layer of the hip^HJcampus. The hippocampal Jiuleua. when it la 
present, inter\en» between them. 'I'he polymoTphoui layer of the denote pjua la 
alio In contaci with the molmdar layer of the hippocnmpui, which ha* extendca over 
iti dofial^ or superior, oapect S^3)- 

MraJNATlON 

Fkchiig ihow ed that the white fibres of the cerebral hemisphere do not all 
acquire their myelin iheallw at ihc aaine period. The process cotnnienm in ihc 
eighth month ofintrauterine life and involves first the afferent fibres poping to the 
Bomcsihetic area in the poatccntml gyrus and the afferent fibres to the hippocampal 
formation. ^Vhile the ncnc fibres in these areas art receiving ^cir medullary 
sheaths, the process commcficra Ln the afferent fibres leading to the visuoaensor)^ and 
the auditoficnsory cortical areas. Myelinadon of the great, efferent corticospinal 
piithway is not completed until the middle of the third month after birth. .As it b 
weneTaliy believed that nerve-fibres are incapable of conducting impukes until they 
have iiequircd their myelin sheaths, it follows that all the mov'crnents which 
the infant carries out m the first tivo months of life arc reflcit movements, 
depending on the spinal medulla and the brain-slem. Subsequently the fibres of 
Iht premotor and somesthetic areas and of the visuo- and auditopsychic ar«K acquire 
their sheatha, and it b not until this proew is w ell cstabliahcd that the child is able 
to benefit by past cxpcricnee or is able to perform voluntary acts as distinct from 
reflex movements. Last of all. the fibres of the large associabon areas (frontal, 
parietal and temporal) become myelinated and in these areas the process may not be 
finally completed until the eighteenth year or even later. Complete mental develop¬ 
ment is not possible until these areas can be utilised, and it would app^ ^ai there 
is considerable individual vwiation in the agt period at which the myeiination of the 
fibrea of the association areas is completed, f^ee o/jo p. 1078.) 


THE CEftEBR.\L COMMISSURES AND THE SEPrUM 1‘ELLUCIDUM 

At the end of the second month of development the two cerebral hemkpiveres, 
whose large cuvidcs communitatc with the anterior part of ihc third V'cntiidc, arc 
conneeled 10 each other by the anrerior wall of ^e third ventricle {iautim Urmmaiii} 
and by the anterior parts of |ti roof and fkw. I'he roof at thia stage la formed of a 
linglc byer of ependyma only and remaina so throughout life. It therefore does not 
offer any pathway to fibres which, arising on one aide of the cerebrum^ ore seeking id 
rcadi the other. The floor, on the other hand, k actively canremed with the develop¬ 
ment of the optic chiRsmm the lubcr cinereuni and the hypophv'sii. It is 
therefore to the undeveloped region of the Lamina tenninalia that die commlssuml 
hbres travel in order to Kain che opposite aide+ The earliest commissunil fibres to 
develop are aweUMt a* might be eatpertEd, with the rhineneephalon. and they con* 
itituEe two distinct bundles. The rtn/cHor remrnnnrre occupies the lower part of the 
IiPTiina terminalia and oontkti of fibres which connect the olfactory bulbs, the olfactory 
pH:>rtinns of the anterior perforated substance of both sides and the pinform areas, 
ftie second commiwund bundle connects the two fombt systems, and through them 
the hippoejmjpsl formattons, and naturally tmvetmci the upper part of the lamina, h 
is lermed the nufiniiimre oj /fte/omk. 'llie developmcni of these commissures leads 
to local thickenings of the lamina terminal is, and w hen the commissural fibres nf ihe 
ncopoilium dcirelopi they folbw the paihs which have already been prepared. A few 
fibres from the tcmponil ares join the anterior commissure, hut the bulk of the tico- 
pallial fibres accimiulaie on the dorsal aspect of the commissure of the fornix and 
develop inro the iroZ/nrinn. In the fifth month the corpus callosum forms a 

e^irved kmnd which projecta fom-jinja from the upper part nf the lamina terminalis and 
ii in eloK relsttimahip at Itii poatennr end with the upper and posterior part of the 
fiornmifiaure of the fomix. 'Ine cortical area which occtipirt the angular in Een^al belcjw 
the projecting anterior end of the corpus csllosum is named the and 

IT extendj downwards in front of the whole length of the lamina Terminahs. With the 
mhsequeni formatinn of the rostrum, which reeurvea downwards and bzickwardSi the 
connexion hctwreti the Upper part of the parnmmlrial gyrus and the ml of the area 
becomes severed. The incliaded portion is thinned out and itretched by the general 
growth of the corpus calhmum and the fninre and beenme^ the priludifum* 

• samewhaE dtlTcrent View of ihr origin nf ihe «rpium pclluciduni u given by |. Mftclarrii 
Thompinfi, y. lamd , <91^' 


THE CEREBRAL COMM[SSURES 1053 

While thsc changes, which have naiyei bi.^tfn ohwncd in theirentirer^^are i>ccurtiiig at 
the dnterior end nf the eoq!>us caJloaum, its pustcrier end increase rapidly in hulk and 
together w ith the eammlssure of the fornix ciarricd backwards above the cpidiclLiLl 
mof of tJtc third veiiiricle. As it passes backwards, it lies above the line of the chorioid 
hssurc and invades the upper pan of die hippckuntipal fomiation, which consequently 
Liecomes thinned out on iii surface lo form the mdusium gi-iseuniH Owing to this 
backward growih, the corpus callosum and the comtnisdiura of the fomix form an addi- 
tiuiml and secondary nmf for the third ventricle. Ft must be rumcmhrred, h?)we\Tcr, 
that the narrow interval bctiveenlhe cotrLmifsures above and thecpitheliftl rwof of the 
third ventricle below is realty an cxlra'ccrcbral space and that the transverse fiisura^ 
xvhieh lies IkIpw' the spleniuin of the corptis callosum and leads into this interval, it 
not a cerebral fi&sure in the true senBci of the word. 

In its backw'ard growth the corpus coJloaum does not extend so Ut as the lower 
pan of the churiuid flasure, and it therefore makes no inroad into that part of ihe hippo¬ 
campal fonnation which is ossaciated with the iiiferitir horn of the ventricle and which 
gi^■ea rise to the dentate trj nis and the hippocampus. In the light of the development 
of the corpus callosum, the continuity- of the h}pFK>campus and the dentate gyrus with 
the jndusium grlscum (p, 1033) becomes jntdiigible. 

The corpus callosum ta the great transverse commissure which connects the 
cerebral hemispheres and roofs in the lateral ventricles. A good conception of its 
position and size is obtained by cxamuiing a median sagitt^ section of the brain 
(Bg. 873). [t forms an arched structure about tacm. in length, its anterior end being 
about 4 cm. from the frontal poles and its posterior end about 6 cm- from the occipital 
poles of the hemispheres. 

Thej^rwu, which forms the anterior end, is bent down wards and backwardd in 
front of the septum pellucidum and, diminishing rapidly in thickness, is prolonged 
backwards to the upper end of the lamina tcrrminalis as the The trunk 

arches backwards with an upward convexity- and tenuinates posttHorly in the 
fp^mum, which is the thickest part of the corpus callosum. A sagittal section of the 
apknium sKoavs that the posterior end of the corpua calltBuin Js bent forwards 
acutely, the upper and lower parts being applied closely to each other. 

The upper surface of the trunk of the corpus callosum is coA-cred by a thin lay-er 
of grey substance, termed the Mmiumgrisenm. This grey covering extends round 
the genu to the inferior surface of the rostrum, and in It are imbedded two fine 
longitudinal bundles of fibres on each side, which are termed the medial and lateral 
longitudinal strije (p. 1033) i ptisteriorly the induslum griseum is continuous with 
the dentate gyrus and the hippocampus through the gyrus fusciolaris. 

Tn the median plane the trunk of the corpus callosum forms the floor of the 
longitudinal fissure, and is related lo the anterior cerebral vessels and to the lower 
border of the falx cerebri, which may come into actual conUci with it poaieriorly 
ffig- 11 iz}* On each side of the median plane the trunk is overlapped by the gyrui 
cinguli^ from which H is separated by the slll-Iike callosal sulcus. 

The inferior surface of the trunk is concave in its Jong axis and convex from side to 
side. In the median plane, it gives attachment to the septum pellucldum anteriorly, 
and the extent of this attachment depends on the ien^h of the septum (fig. S73), 
Posteriorly It is fused with the body of the fomix and the commissure of the forniXn 
On each side of the median plane, the inferior surface of the trunk forms the roof of 
the lateral ventricle (fig. 896) and is covered with the ventricular ependyma. 

The La continuous above with the trunk and below with the rostrum. It* 
anterior surface, which Is tn relation to the anterior cerebral vessels, li covered with 
the Lndusium griseum and the lon^tudinal stHse. Its posterior surface ipvcs attach¬ 
ment to the septum pellucldum in the median plane, and on each side it forms the 
anterior w-idl of tJie anterior bom of the lateral ventricle- 

Tbc roitmm connecis tbe gen u to the upper end of the lamina temiizialis- I n the 
median plane its superior surface i^vcs attdchmcJit to the septum pel lucid um and, on 
each side, forms the narrow floor of the anterior horn of the lateral ventricle (fig- 
907), On the inferior surface of the rostnim the indusium griseum and the longi¬ 
tudinal strin: arc carried backwards to the upper cod of Uie paraierrainal gy-nis. 

The spim'um overhangs the posterior ends of the thalami, the pineal body and the 
tectum of the mid-braini Ii is,, however, separated from them by a number of 
structures. Op each aide of the median plane the cnis of the fomix and the g>rufi 
fasciolaris (fign 89^) curv’e upwards to reach the splenium. I'hc crus of the fomix 
continues foni-ards on the under surface of the trunk, but the gyrat foscMdaris 
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pa$st;$ round the spknium. rapidly tapering off and fading away into the induaiam 
griseum. In the median plane, the tela chorioidea pa$$ea forwards below the 
spknium through the transverae fissure, and the internal wrebral veins emerge 
from between its two layers and unite to form the great cerebral vein. Above, the 
spknium is covered with the indusiuin griseum and is related to the Falx cerenn and 
the inferior sagitod sinus in the median plane, and to the gyms cingub on each side. 


Fj(i, 8 ij 4.—I’tw: crtTpUt atlosmn. EapPMd from above. 
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P<)sicriorly the spk-nmm is Tclaled to ihc free nmrgin of ihe IcEUoriiim cerebdli, tlw 
great cctc'hnl vein nod the l^cginning of ihc slraighl &mm. 

The hbrea of the corpus ciillo€um radiate into ihe white matter of the hemisphere 
on each side and puss to the vsKous parts of the cerebral cortex. The fibres of the 
fostrum piisa ktcrallv below the aotcrior horns of the lateral %tfttrtdea, and conneet 
tlie orbital surfaces of die two fcontaJ Lubes. The fibres of the genu curve forwards 
and conaect the Lateral and medial aurfsccs of the two f rontal lobesi coustituting the 
fifTMs minor. The fibres of the trunk pass laterally and intcraect the projeelion 
fibres of the corutia radiata {fig. 860). They connect wide cortical arras of the two 
hemisphcfCJ to one another. Those fibres of the trunk and of the splervium which 
together form, the roof and lateral wall of the posterior horn, and the lateral tvall of 
the inferior horn of the ventricle constitute the (p. 105S), 'fhe remaining 

fibres of the spicnium curve backwar<ls and medially into the occipital lobes and form 
the forceps m<^or. Tills large bundle of fibres bulges into the upper part of the 
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medial wall of the posterior hom of the ventricle and forms a curved elevation which 
is temed the of tfie posterior horn* 

Deapite the great size of the corpus cfillosutu and the enormous number of com- 
mi^funl fibres that h contains^ ver^^ little mformauon h available mnceming 'm func^^ 
tionsi $ignilicfluce« opart from the obvious infcnrnee that it links tht two hemisphere! 
together and appears la ensure that they act as a single cntitF. Cases of complete 
congenttal absence of the corpus callosum are recorded ftom time to time—the eondi- 
lion is a rare one—but the defect i$ usually found at autopsy,, and die cLInical history 
has not ^lovin any characteristk festute which ha& ted to diagnosis of ihe condition 
during life* 'Fhc individuRls concerned have usuidly been insane but wem able to 
perfnrm manuiil work dlT.cicnily under supervision. Jti fcccnt years large portions^ 
and In $ome cases the whole of the cotpus callosum, liave been divided as a thera¬ 
peutic measure with surprisingly littk disturbance of function,* 


Fio. A diasectiDn of a oomnal Kctiofi of the brain to display the 

spJenium of the corpus callosum fnim in irani. 
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Thfi poitenoT portlHU flf the thalmim h*W ttKfl renHWwL Ob*er»« Ibui Lh# ^lUlfttoEfil €ir tbt 
reliii^ Id di* dciitiU Bynw i™ Jiitffffl* on twa euIb of ^ wptmtn. 


The anterior commi^iire is a bundle of white fibres which ems^ the median 
plane in front of the columns of the fornix in the ontcrif^r wall of the third ventricle 
(fig. 870). On sagittal section it is oval Ln shape^ its long diameter being vertical and 
measunitg about 5 mm. Its conatitiient fibre bundles are tivistcd like the strands 
of a fopcp and they curve bickw'ards and bteraDy. forming a deep groove on the 
inferior aspect of "the anterior part of the corpus striatum (fig. 8^6)^ Many of 
the fibr^ belong to the rhincnccphaJoo and connect the olfactory bulbs and the 
piriform areas. Others belong to the neopallium and can be traced into the 
temporal lobes* where spread out like the frayed end of a rope so that their 
precise conne^sions arc difficult 10 determine. 

The commissure of the fomlx (faippocampat commissure) fomis a thin 
sheet of trmnsverse fibred which comiecis the mciliu] L-dfies of ihe crura of the fornix 
and is dr»sely applied to the untier surface of the fH^sterior part of ihe trank of ihe 
corpus callnuum. Its can!srituent fibms art derived frotn the pyramidal cells of the 
hj ppoemnpUs and irnvcrsc the slvcits- and the fimbria in r^rtlcr to rvaiih the- crus of 
the faitiist. Having crossed the median plant in the commissure, ihVy retrace their 
course on the opposite side and itraiinalc in the moltculnr bver of the hippooimpus. 

• A. J, AkeUiih, n oL, Arrkr Nruroi. 47. ifl-pi. 
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The Kpltum penucidum \% a thin vfrrtii:al partition^ comsbling cf two iMUind^, 
sirparAt^ throu^iwit a KreaCcr csr lesser pa rt ofthuir extent by a narrow interi'ih termed 
the cavity cf the teptum peiittcidvm^ whirh docs not cocnixuimcatc with the ventrielcs of 
the faniiti. ^JTic septum is trianguLif in form, with its base in front and its apex 
behind. It is attadWd abpvr to the infedor sutfsicc of the trunk of the corpus cnlTo- 
tum : bdow' and behind, to the anterior part of the fornix r below and In fmnij to the 
upper surface of the nsstnim of the corpus cnliosum. The lateral surface of each 
lunina takes port in the formAtion of the n^ediaL wall of the anterior hom and body of 
the taiena] vtrntriclc, and ia therefore covered wstli ependyma. 

The laminar contain bath grey and white tnatten but they are so thin that their 
strutturc docs not afford much help in drfermining their phylogenetic hiataf>% The 
development of the scptuni: pclluddum is referred to on p. 1052. 

Fig. —A Catonal icetion pauing through the hntia juft hellind IHe optic diLnsnia 

uid espDi.iug the anterior commiHure ui it creases the medun pkoe. 
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THE INTERIOR OF THE HEMISPHERES 

ITic lateral ventricles (figs. 897*901 )■.—The two lateral ventricles are irregular 
cavities sttuated in the lower and medial parts of the cerebral hernispherw, djic on 
each side of the median plane, 'fhey are ilmoet completely separated from each 
other by the stpttm pelltindum, hut they communicate with Ac third ventricle and 
indirectly with each other through tlie tuferam/rini/ur fmamm (p. 1019). They 
arc lined with ciliated epithelium {eptttdyma) and contain cerebroroina) fluid, 
which, even In hwlA, may be secreted in considerable amount. Each lateral 
ventricle consists of a centrai pari and three rorjiim or /wrni (anterior, posterior 
and inferior) (fig. 899 and PI. XXI and XXI 1 ). 

The central part {% S99) of the lateral vcDtrick extends from the inter¬ 
ventricular foramen to Ae splcnium of the eoipus callosum. It is an irregularly 
curved cavity, triangular on transverse section, vriA 0 roof, a floor, aud a medtai 
wall. The roof i* Armed by the under surface of the coipus callosum; Uie floor, 
which is concave upwards and medially, is forni>cd by the following parts, named in 
thdr order of position from Ae lateral to Ae medial side: the caudate nucleus of 





PLAIT XXI 



Ijitcnl of Lnonj^ hc«d after mjectlon of iir into the ImerBl ventrkte thmu^h 

which nit mibfe IWM the WllHid. O^ehEricutbgrvcn; “StrHu^Cilrem,J 
The body of the verUrkle shoi^** ft cunhtTMK which com^paiidi very clo^ly with the 
curvftt\ire of the viuk of the dtu]]+ m nd let depth inemua in the anterior boro. The infertor 
hotn ii ilmdsi horkontal. to thi* BObjcct the paEterior bom h uniuyfil^ Io^k^ 





PLATE XXI1 



Antera-po4l«nor ndJojcnph of the hnuj *hoiiTi \n PI. XXL 
(Ventriculdffmn : Sir Hu^h Ctirm.) 

The (HJtliiwf of the bodi» w\d unteridr homt of both veotfickf m locii lepunted m the tnediin 
pUne by tbe fhJU^vi df ihe Aeptum pel lucUJum, dinctly befov it.theceviti of ihe ibinl veiitdde 

fyi lirODfpUi^u- 

On the left wde of the ^mcufeRiyn the biw hi^ ovorinp*. vety »li«htly, the lebenl will of the 
vmtncle j on ibe niptrt tide. It n t httk to the ktoral lide andiii t ft[iRh% higher kv^L 
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I he eorpiu «iri$itum, ihc stm icrminQlis and the: diiihimuiitmtc vein, the lateral 
portion of the upper surface of the thi^bmus, the chorioid pluxus, and the edge 
of the fornlTn The caudate nucleus becomes rapidly nanroii-er as it is traced back¬ 
wards m the ftoor, nnd its long axis h directed laterally as well as poatcriorly* The 
stria lermtniilis, u small bundle of white hhfes (p. T033), and the thaLamostriate 
vein occupy a narrow' groove which foliow'S the medial border of the caudate n ucleus 
and separates it From the lateral margin of the upper surface of the thalamus. The 
latter nmy be almost entirely hidden by tlie vascular fringe of thcchorioid plexus, 
which invaginates the ependyma into the cavity through the sLit-likc inter^'sl 
between the edge of the fornix and the upper surface of the thalamus. This 
ependymal invagination constitutes the cJiorioid fissure. The body of tlie fomrx 
b^omes wider as k is traced backwards, and ItB thin, lateral margin lies parallel 
whh the groove for the stria tcrminalis^ 




FlC^ ^97 *—A Bchemc thowiag the rclaTiant of the Ventrielct to the ftujfoee of 

the brain. 
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The medml wall is formed by the posterior part of the septum pellucid um. 
Posteriorly, where the septum pcllucidum ends^ the roof and the floor meet one 
another on the medial wall 

The anterior horn (fig. 897) passes forwards^ btendly anti slightly downwards, 
into the frontal lobe, cunping round the large swelling catised by the head nr anterior 
end of the caudate nucleus. In a coronal section it appears as a triangular slit below 
the anterior part of the corpus callosum, and it is bounded anteriorly bv the posterior 
surface of the genu of the corpus callosum^ 'Hie greater part of the floor is formed 
by the rounded head of the caudate nucleus, but^ in its medial portion^ a small part 
ia formed by the upper surface of the rostrum of the corpus callosum (fig. 907)^ 
'Ilic medial boundary is formed by the septum pel lucidum^ 

*rhe posterior horn cun-es backwards and medially into the occipital lobe. 
Ies developnicnt k very vartahlc and frequently assyrnetiical. Its roof and laicral 
wall are formed by fibres of the tape turn of the corpus callosum, which separate 
them from tltc optic radial ion (p. 1064). 'Fhe spltmiol fibres which constitute ihc 
forceps major pass medial to the posterior horn as they sweep backwards into the 
occipital Jobe, In this part of their course they produce a munded ridge in the 
upper part of the medial walh which Is named the huih of the posterior hum. 
Below the bulbt □ second de^'ation may be identified on the medial wall. It receives 
the fanciful name of the mlcttr avk, and it corresponds to the infolded cortex nf the 
anterior part of the calcarine sukiis (fig* 900). Posteriorly the lateral and media) 
walls meet each other* 
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Fia. —A of a «l«t of iht vrhtn{:ii]ar 

^viticd. Su]7CTior dspctt. (Rcuiiiu.) 


The inferior horn (fig, gai)i the largest of ihc thrtrtp trAvenws the teinporal 
lobe* forming in ita ooune a ctir\'e roun^ the posterior end of the tltalamua* It 
passes at first backwarda^ taterafJy^ and do^Tnivaidsi and then curves forwards to 
within ^-5 cm^ of the temporaj p^e^ its position being fairly well indicated on the 
surface of the bnin by tlie superior temparal suldus. A needle^ introduced at a 
trephine hole the centre of which is placed 3 cm. behind and 3 cm. above the 
centre of the external auditory meatus^ and passed in the direction of the tip 
of the opptisilc aurieJe, enters the inferior horn at 0 depth of 5 cm, from the 
surface* 

Tlic roof of ific inferior Ejom h farmed chiefly by the inferior aurface 
of the tapetum of the corpus callosum, hut the tail of the caudate nucleus 

and the stria tcnninalis also extend 
forwards in the nKjf, at the cxtinmity 
of which thty end in the amygdaloid 
body. Ita fl<!or prcscnls the fol¬ 
lowing parts: the chorioid plexus, 
the fimbria hippocampi* the hippo¬ 
campus and the colLnend eminence. 
Hie chorioid plexus is a vascular 
fringe which covers the upper sur¬ 
face of the fimbria and the hippo- 
campus. It invaginatc^ the epen¬ 
dymal medial wnll of tin- inferior 
comu and so forms the lower or 
temporal part of the ehorioidal 
fissure* 

rhefinibriiand the hippocampus 
have already been considered (pp. 
1034 and ro^5)p and a full description 
of the chorioid plexus will be found 
on p. lobg. 

The c^tlat^at eminence (fig^ goi) 
is an elongated swelling tying lateral 
to and para]]i:l with the hippoeampu^d 
It cornx&ponds with Uie middle part 
of the collaicml sulctts, and ita size 
depends <m the depth and direction 
of this sulcus, h IS continuous be¬ 
hind with a flattened triangular area, 
niuned the trtganum coUuimic, which 
forms the floor of the ventricle bc- 
tw'een the posterior and inferior 
horns* 

ITic white mailer of the hemispheres.—If the upper parts of the hemisphere 
be sliced off about 1 25 cm. above the corpus callosum, the central white matter of 
tlic hemisphere is seen as an oval area surrounded by a narrow convoluted margin of 
grey matter, and studded with red dots (puncta ^-esoiloaa) produced by tise escape 
of htood from divided blood-vessels. If the hemsspherca be sliced off at dsc level 
of the corpus callosum, the white matter of ihat structure will he seen in continuity 
with die white matter of die hemisphere on each side. The w Kite matter contains 
many mcdulbtcd fibres, of vary ing sw, supported by neuroglia. These fibres may 
be divided, according to their course and conncxbns, into three svstems : (1) ITit 
Oimmaiwraffdrfi connect corresponding areas in the iwo hemispheres to each other. 
(2) llic arrui^tf connect different cortical areas of the same hemisphere to 
one another; some of them are coilatcrals of die piyj}cctioii and commissural 
fibres, but the majority are independent axons. f3) The projmif?fs fibres con¬ 
nect the cerebral Cortes with the grey matter of the brain^Btem and the spinal 
meduHa. 

(1) The commissural fibres have already been considered (m 

(2) The arcuate (association) fibres, which arc all ipsiliileral. are of twv> hinda 
(u) short arcuate fibres, cormccting adjacent g^ri to one another ; (ft) long areuatc 
fibres, connecting mori" widely separated gyji to one anoihcr. 
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The tftffri fibrwf may be intimci^rtieal or they may lie Immediately 

beneath the coricjs md eonnrct odjaccHit sotne merely Fha:i«nK fmm one wall of a 
aukus to the other. 

The fon^ arrunlr fibm ftroup Themsclvcap sorrwwhat indistinctly, into biindln, 
which can be di^^ected In the formalin-hardened brain after the concit and the sub- 


FiC 3 + —The centml parts and the infienor boms of the lalftal veniriele*. 
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jftcent short artuate fibres have been rcrniDVed. 'rhe fibres in each frtacietklii* show 
conjidenibk varioLkm in length, and the longest arc sfu-ays situated in the deepest 
part of the bundle. Ctwiceminjg the precise connexions of these fibre bundle very 
little accurate information i» at pn-sent available for hLstological methods are unable 
to demonfittnie them throunbout the whole of their length. The following faadcull 
can be distinguished : (o) the uncinate fasciculLis ; (b} ihri cinguluin | fc) the superior 
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longitudinal raadciiluA ; (d) the inlerior longifuditia! fasciculua ^ {ej the fronto- 
occipimt fwoculiii. 

{a) Thcwtcinat^fat^mdut connocts Broca's area (p. 1043! and the ityrion the orbital 


YiO* 000.—A coronal teciion chrouich the poatcrior hwn of the left lateral 
vcntrichT, Anterior npecU 
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iut£ace of the frontal lobe tvith the cortex of the temporal pole and the area immedi¬ 
ately adjolninit. The fibres follow a sharply curved caumc and cross the floor of the 


Fzq. -Tiooa.—The inferior and poetenor harm nf the lateral ventnde* 
exposed from tho left sider 



Mem of dw hterBl sulcus. They sre relateti to the uiicro'ihleiwr part uf the Lnaubf 
srefl (liffe. 902 end 90J). 

(ft) The etngalum is * longj curved bundle which commences wn the mediid 
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surfuce of the hL-misphere below the roatrum of the corpijs callo^tn. It lice within 
the dnsuli arid so folEowa the curec of ihttc |r>'rys> Jiifciiorly it cotcra the 
p!irahippoi::aitippl |tyni& and spreads out so as to reach the adjoining! piirts of tJie 
temporal lobe. 

{dThc mpmaf fasdeutui is ihe Im^csE of aU the arcuute bundles^ Ii 

commences in the anterior pan of the frontal region and arches backwards 
nhovc the insular area and lateral to the lower 
part of the corona radiata {p# lo^z}. After 
giving off a nottiber of ltbre« to the dcdpJtal 
cortex (probably arta 3:8)p it curves dowTi- 
warda and fonvanda behind die inaulsr urea 
and spreads out into the lempoml bbr. Like 
the other long arcuate fasciculi, it constandy 
receive* new hbres throughout it* wlwle 
extent md gives off fibres to the adjoining 
corteXi Ita constituent fibres arc so inter- 
mingled that it \a quite Impossible to deier- 
mine their precise con nexions by gross methods J 7 iFiK»;iin; 

(Jig. 903) and for this poq^asc the dJ^ccting 
microscope is of no real help. 

id) 'i’hc w/tiror Itmgitudinai faid^us 
ccnimencea near die occipital pole and its Bhtca 
are derived chiefiy from amt 18. lliey sweep 
fonvards^ aepamTccl from the posterior horn 
of the lateral ventricle by die fibres of the optic 
mdiariun and the commissural fibres of the 
tupctunii and after being crossed by the 
superior longitudinal fasciculus^ they 
distributed throughout die temporaL lobe. 

(e) "j'hc frtmto^ofidpitai /fijriftdwj com¬ 
mences at the frontal pole and passes back¬ 
wards on a deeper pEuio lhaa the superior 
IcngItucUnal fasckulu* and separated from 
it by the lower part cf the mrona radlsta 
(t'/e/e i^rn). Tt a^ociates itself with the lateral 
border of the caudate nudctiA, and ii tlierc^ 
fore closely related to the central part of the 

lateral vmiridt. Pa$tcriurly it* fibres rmliatc Into the occipital and temporal lobes in a 
fan-shaped manner, passing lateral hi the posterior and inferior hums, and inter* 
sceting and mingling with the hbnsis of the tapetum of the corpti^ callosum. 

(3) The projection fibres connect ihc cerebral cortex with the lower parts 
of die brain (including the diencephalon) and the spinal mcdulb, and indude 
bothcorttcofugal and cortlcopcta] fibres. 


Fra. 901.—llic poMcrior and inJejicr 
horru of the right lateral ventricle. 
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Fm. COJE-—A diagram ibniving the priiiclp*! system of ttreuate ilbraa in 
the cerebrum. 
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Th^ proj^thn Jtbm of the neofHittkm converj^c from pj| direclbris on the corpus 
sn-iatum (fig. 904). For the moel pan they Ik deep %q the arcuate fihreSp and they 
micrscct the mmtni^iuiil fibres of the corpus caltosum and the anlcriar coinmis3un% 
As they approach ihc periphery of tlw corptM striatum, they emer^ from this 
imersectbft and form the corona rtjiimta* 'fhe medial aspect of the corona radiata 


Fjg- 904 .■—A diKHceCjan ibeawing the CDUrBc of the corticospmal Bbftn* 
{Kp B, Jimicion,] 
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h fnsm iKt laicral vcnlntle by the fronto-occipital fgnsdcuJus, imd 

its latcraJ ftspect is covered by the superior longitudinal fasciculus. Belowi the 
corona mdbta is directly continuous with the mtenud capsulep a tJikfcp curved band 
of white matter which comprisea all the projection fibres of the neopallium, and 
which ents into the corpus ficnatum, dividing it almost completely into two 
parts, vizh the Icntiform and the caudate nuclei. 

A transverse, horijfotital section through tlic cerebral hemisphere shows the 
internal capsule as a broad Irand of white fibres, bent with an outward concavity^ 
which accommodates itself to the convex medial surface of the temiform nucleus 


Fio. borixontjil mtlDti throup^h the riRhi crrvbnl hcmis^ihEre, 
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(fig. 905). It cm therefore be divided into an anterior Umk a xftiu, a ^erior limb 
and a nAlentifcrm part. The anterior Umb ts interposed betvfeen the lend form 
nucleus on the lateral side and the head of the caudate nucteua on the medial »de. 
The posterior limb has the thalamus on ita medial side and the lentifo rm nucleus on 
its lateral side. The fibres of the internal capsule continue to converge 9S thev pass 
downwards, and at the aamc time the frontal fibres tend to pass backui'artu and 
mcdiallyt while the temporal and occipital 6bres pass forwards and laieralty. At 
the lower limit of the Icntifonn nucleus, they are crossed by the optic tract and 
enter the mid-brain. l*he corticofugal fibres enter the base of the cerebral peduncle, 
where the frontal fibres arc placed to the medial aide and the tempond, parietal 
and occipital fibres to the lateral side. 

The anterior limb of the internal capsule contains: {i) frontopontine Jibret, which 
arise in the cortex of the frontal area and are relayed in the nuclei pontis to the 
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oercbclkr hernkphcre of the oppoaitc side \ (2) thalaTnocoriuaiJfh'e^, which arise^ for 
ihe most pan, in the wiltrior and medial nuclei of the thaL^us and proceed to 
the fronial area and the g^rus cmgiiLi. 

The gfiWf fmUriar Ami and sablrnttfurm ff^rt coniain : {1) the great mattjr path- 
nrny (corticonuclear and rarticti^Lnal fsbresh part nf which arises from the bj;ge 
pyramidal cells of the motor area. These fibres occupy ihc genu and rather more 
than the anterior half of the posterior limb. ILxi^rimentaJ work has shown that the 
fibres are grouped in a definite mamer in the internal capsule. 'J'he head, 
mouth, tongue and larynx arc represented in the genu and adjoining part of the 
posterior limb \ posterior 10 tht^ are the fibres which represent the ncek, upper 
limb* trunk and lower limb, in that order. 

{2) Thaiamocorikai fibres , which arise in the bteraJ part of the thabmits and 
traverae the poatcrior limb to reach the corona radiata and, flubsciiuenily, the 
postcentral Bj'ms, the parietal association area and the rrsotor and premotor areas. 
Many of thc^ fibres are intermingled with the motor fibres^, but others occupy a 
more postcriur position^ 

f3) Temporopoatinefittfis, which arise In the oortoc of the ternporal lobe and arc 

relayed in the nuclei pontis to the 
opposite side of the cercbcUiLm. 

(4) Fibres 0/ fh armtstk radiit- 
tioftr w^hich arise in the medial 
geniculate body and traverse the 
posterior part of the internal cap¬ 
sule* They sweep laterally and 
forwards, below and behind the 
lent! form nucleus, to gain tlic 
auditosensor)' area* 

(5) Fibres 0/ the <tpsk r^sditiiiaH^ 
which arise in tlic lateral genicu¬ 
late body and sweep backw'ards 
fmm the pnsierior pare of the 
internal cap&ulc^ to reach the 
visuosensTj ry area. I n their course 
they arc iniimaicly rcLiicd to the 
posterior horn of the ventricle 
and arc only separuted from it by 
the tapetum (fig. ^5)- Borne of 
the fibres of the optic mdiution 
are corticofugal and are destined 
for the superior colliculus, from 
which they arc relayed in the 
tecto-bnibar and tecio-spinal 
tracts (p. 997). 

(6J CvrikoShitlmnic fibres are discus^^d on p. 1004. 


Fl0rQo6.— Scheme nhowlng the ilifTcrent pA tU. cf 
the iniemill opsiale. 



THE BASAL NUCLEI 

The basal nuclei include those subcortical masses of grey matter whidi are 
found within the cerebral hcmiisphcrc. They comprise corpus striatum, in'* 
completely suhtlivided into the ientiform and the caudate nnclei,. the amygdaloid 
body and the dauntrum* 

The corpus striatum is a mass of grey matter which develops in the ventral 
part of the primitive hemisphere m the aria mmicdiaiely adjoining the intcr- 
veniricnlar fomnicn. It la therefore not far distant from that part of the latcnd wall 
of the dumccphalon which givea rise lo the thahimus. At fir^t the corpus striatum 
IS separated from the thalainua by a deep groove on the surface of the braini but as 
the tw o masses enlarge, the g move la filled out- The thalatiiiis and the corpus 
atriamm therefore come into close contact with each other. When the projection 
fibres develop (p. 142) they cut info the corpus striatutti and, save in its most anterior 
part, separate it into a lateral part, the Urntiform nucleus, and a medial part, the 
caudate nucleus. The cleft so formed passes through the corpus striatum ubiiqudy 
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60 that the projection hbre6 of the internal capsule separate the luntiform nucleus 
completely from the thalamu#. .... 

The caudate ziizcteus Is £tn arcuate uiasd of prey matter, wluch has ^Ireayy been 
Men in the floor of the anterio r horn and body of the lateral ventricle and In the roof of 
tlie inferior horn. I ta massive, rounded fitiid projecta into the ante riot horn;, formi ng 
the greater part of its door. This Burfaoe is covered "with ependyfflfl, and is related 
abov'e to the corpus eallosunu LateraJly it is separated frorn the ientiform nucleus 
by the anterior limb of the internal cap^c^ but this sepanation is complete only in 
itB upper part. Below, the lateral aspect of the head is directly contifinons with the 
putamen of the lentifoim nucleus^ and ju^ above this strands of grey matter traverse 
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the internal capsule and connect the two nuclei to each other (%+ 907). The striped 
appearance which this region presents ga\% origin to the term corpus striatum. 
Superiorly the margin of the head is related lo the fronto-ocdpiul arcuate bundle 
(p. T061) and to the subcallosal fasciculus (pp. 10&& and lojb)* Pcstcrioriy the 
head rapidly dinunishes in bulk and becomes continuous with the body of the 
nucleus, which lies in the lateral part of the floor of the lateral ventricle* 

The body arches upwards, bacxK'ards and Uterally, Its medial as|^t is covered 
with ependyma and related to the thalamostriate vein, the stria terminalis and the 
thalamus* Lateral ly it is related to the fronto-ocdpital bundle above^ and to the 
corona radiata below* Posteriorly it turns downwards at the posterior extremLt>' of 
the thokmus and becomes continuous with the tJiilH 

'I'he tail of the caudate nucleus runs forwards in the roof of the inferior ham of 
the lateral ventricle, with the stria terminaiis to its medial side f% S95). .As the 
iKhdy curves downwards and forwards into the tail it passes below the comna 
radiata, the globus paUidusof the lentifonn nucleus and the ansa lenticulariB {p, 1009}* 
i 1 1 
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Anteriorly the tail of the caiidi^tc nucleus is conrinuous with the amygdaloid body 
in the roof of the inferior horn. 

The lefififnrm nucleus is shaped like a biconvex lens, but the cur^'aiufc of its 
medial Btirface is sharper than the cun^aturcof its lateral surface. Cut on section, 
jt is Seen to consist of tw"0 portions, wiucli differ from each other in their colour. 
The larger latenii portion, which ia dark in colour, is termed the putamen \ the 
smaller medUl portion is of a lighter dot, and is termed the 

The lent! form nucleus is completely buried in the substance of tlw hemisphere. 
Laterally it is covered by a thin layer of white matter which constitutes the externai 
This sheet is covered on its lateral side by the chusintm^ which intervenes 
between it and the subcortical white mailer of the insula. Medially the lenttform 
nucleus is in relation to the internal capsule, xvhtdi separates it from the thalamus 
behind, and from ihc head of the caudate nucleus in front. Round its anterior, 
superior and posterior mar|;in$ the nucleus m rebted to the corona mdidto. ^Fhe 
inferior part of the Icniifomi nucleus is deeply grooved by die anterior commissure 
ae it passes backwards and bterally inio the temporal lobe (fig. Sgb), and anteriorly 
it h continuous with the head of the caudate nucleus- A little in front of the groove, 
the grey matter of the corpus striatum is continuous with the grey matter of the 
anterior perforated sub&tancen and the lateral striate arteries, which enter ihe brain 
there, run laterally and then turn upwards, in close contact w^itb the lateral surface 
of the Icntiform nucleus^ before they pierce its substance. The lenriform nucleus 
lies above the inferior bom of the lateral ventricle and is separated from it by the 
fibres of the external capsule as they pass medially towards tlie subthalamic region 
(p. 1069)^ the tail of the i:audater nucleus and the stria tenninalb+ More anteriorly, 
it is separated from the amygdaloid body by the ansa peduncularia fp. looj)- 
Structure*—The caudate nucleus and the putamen are very simibr in their 
histological features, and both differ very conspicuously from the gbbus pallidus. 
Their constituent ncne-c^hs arc BmaJl and they show a poverty of nerve-fibres, 
those that arc present forming a finely mcdulbted plcxua. The globus palltdtis on 
the other hand is characterised by the possession of large celU, not unlike the motor 
cells oE the anterior grey column of the spinsd tncilulla. In addition, it iif; rich in 
medullated fibres, which are visible to the aiiaid-Bd eye? where they form ihe external 
and internal medullary laminar. The external lamina separates the globus palUdus 
from the putnmen, and the inELTnal lamina subdivides it into a larger lateral and a 
smaller medial portion (fig* 908)* 

CannexioEis*— Available evidence concerning the afftwtnf fiifm to the corpus 
striatum is scanty. TlnUamostriate and corticostriatc fibres are now generally 
accepted. The use of physiological neuronography (p. 1040) has demonstrated 
that ifreas 41^ 8, 2, 19 and 24 all project on to the caudate nudeus, and the fibres 
concerned lie in intimate ration with the frunto-occipital arcuate bundle and 
have been termed the /asaeuhu* Afferent fibrea to the globus pallidua, 

from the substantia nigra and the subthalamic nucleus, have also b^n described. 
The ffferrni fibres for the most part arise in the globus pallidus, and they pass 
through the internal capsule lo reach (t) the diaUmus, (z) the hypothalamus, 
especially the subthalamic nucleus, (3) the substantia nigra, (4) the red nucleus, 
and (5) the olivary nucleus.f They possess medulbted sheaths, but they can be dis¬ 
tinguished from iht fibres of the internal capsule by their sr^lcr size. Moat of 
these tibrea appear on the inferior aspect of the globus pallid us and pass medially, 
coTisthuttng the ama Irnti^faris, In addition^ efferent fibres from the caudate 
nucleus to the subaUntta nigra have been described for man,^; and it has been sug¬ 
gested that other fibres descend to the reticular formation of the pons and the 
medulla oblongata {p. 954). 

Internmdiii fibres connect the caudate nucleus and the putamen to each other 
and to the globus pallidus. They are finely medullatcd, and in tlic globus pallidus 
are responsible for the medullary laminse^ 

Functiofuil sigEiificanee of the corpus stHatum.—Tlic paleostriatum of 
fishes, Avhich oarrEsponds to the globus pallidum in man, receives its afferent fibnai 
from the olfactory paihwa>^, and its efferent fibres cstablLsh conncxionni with the 
motor centres in the bmin-stem and the spinal medulla. The view, howeverp that 

* F. A. Mplder, Rn. Aii. 3 im^ ment^ 

fSer S* W* and M. Rin»n, Anal. /£«■., 75^, Supph 1041^ 

; H. W. Migoun* Rrv^, 5a, 1950. 
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k fuTiction;^ as the highest motor cedCi^ in these aninmJs is not supported by any 
direct, experimentaJ evidence and its precise GignifiCAnce remains uncertain. The 
addition of the neostriatum tn the reptilian brain ia, as has been seen (p. L020), 
synchronous with the passage into the tclcnccpltalon of new fibres of thalamic 
origin^ and it hag been suggested that, owing to the presence of the neostriatum 
and its connexions with both the thalamus and the patoostriatum^ visual, tactile 
and other impressions are able to Inhibit or modify the responses which wnuld 
otherwise result from olfactory stimuli. 

[t 13 clear that the evolution of the ncopallium and the process of tebneephaJisa- 
tion have relegated the corpus striatum to a subsidiary role and iluii in mad its 
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activLties tend to be masked by the dominance of the motor area of ^ cortisx. [t 
is generally regarded as the source of an accessory motor pathway which esmbltshes 
connexions with the motor nudei and the spinal medulla either through subsidiaiy 
nuclei or through a series of relays in the reticular formatioii- This pathw'ay forms 
an important part of tht ^xUapyTomidal system (p, 1076). 

Despite the intimate relationship of the corpus striatum to the insula, no fibre 
connexions have been shown to exist betweirn them. 

KIcetrical stimulation of the caudate nucleus producea no obvious result in the 
quiescent animal, but if it is applied during movements, inkiated by stimulation of 
the cerebral cortex or otlierwise, the movements are at once inhibited** Other 
experimental ev'idcncc ifl latgely of a firgative, and often r^ntradJetoryh charac^r, 
Ramsay Hunt. Kinnicr Wilson and others have investigated cases of degencfation 
and atrophy of the corpus striatum. Rigidity, which is due co hypcftonidty* and 
tremor, which is independent of the rigidity, are constant features, whether the neo- 
striatum or the globus pallidus is affected. Ramsay Hunt finds that autcmatic 
associnted mos'ements, which involve ma^ muscular reactions, arc lost when the 
globus pallidua is im-olved and that they are increased snd accompanied by 
• F» A- Eld C. C. Mcnlcrn Ami. 79. Suppl. 1041. 
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Fig. 009.—a corotu] »n:rion thnmsh the latewl ihird vcntad«- 

The piB inner of the tebi diwinide* w »hiiwii m fwf md the ependyma 

tn htu£. 
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lUicontroUcd alheioid* movcmenla when the disease affeeu tht neostriatum 

□uly. 

Tlw iunygdalaid body U described on p, tojj* 

I’hc rUustrom [\ ■ thin sheet nf grey msitiif, co-eitensive with the intulii and ihe 
putameo of the lentifarm auclc09K fttmi which it i» sepmied by the fibrcsi of the 


Kiu« corvnil section through the inferior hom of the Uierml ventirtek- 

DisiPtunmstU:. The pis mpter ii in tfd and the epcnd^iru in hitte. 
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extemsL capsule- tt U thidicxt bdow and in frenty where it bccecnea continuous M'ith 
the anterior perforated substance. Resanltd by some authoride* as beloniring to the 

■ The term * athcioid morementi ' h uaed to describe repealed^ deiibmte rnovementi 
of 1 purpcMies* eharttCicTi 
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rofpui striatum and by others as n portion of the InauLu cortex^ it is uii- 

doubtcilly of corticEl origin, but its conrKHorti and fujurdons are quit? tinbnowri. 

Tin: external cafMuJe is a thin layer of white mattt.T which ia interposed between 
the lotetal up«:t of the krttiform nucltui and the claoamjm. Accordinj? to aMeynert 
the fibres of the external impskiLe are derived from the fiomc^arietal opereiiEum of the 
rnauEa and, after passing across the iAterai surface of the Lentiform nucleus* they tum 
tried tally below the nucleus and the ansa Icnticiilarift. Their subthahanjc connexioiis 
are uncertain. Some of the fibres of the ulterior commisstire are believed lo treverse 
the e3ctemal capsule. 


Fto. 911 *—^Thc tiiTa cheriosdea of the third ventricle and the choiioid plexus 
of the lateral veetfide. 
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UTlC trunt nf the corpus calliwum has been Tcfnejved BEid the body of fhe fornix 
hum been cut ftcross antenorSy and turned backvii'^Ajdiiir 


The chorioid fissure and llie eborioid plexus of the lateral ventricle. 
chorioiii plrxta of tlie laicraJ vcntrklc is a highly vnscuJar fringe of pia mater which 
projects into the ventricular cavity^ invaginating the ependymal medial \Viill of the 
ventricle before it and receiving from it a complete investment (ng. ^09). It exien^ 
iis fer forwards as the intcn^ntricular foramen, wlim it la contmuoiM with the 
corresponding plexus of the opposite side. Posteriorly it U earned round the 

? »tertor end of the thaloinua into the inferior bom as far as the pcs hippocainph 
he cpendvnia which covers the chorioid plexus is an infolded pim of the medial 
w all of the hemisphere, and this infolding constitutw the cimmdfirmte. Ihe hps 
of the fissure arc ihc lateral edp: of the fomix and the upper surf^eof the tha^us. 
in the central part of the ventricle (Ar. 909). fimbna and tfit stria 

tcmiinalis In the inferior hom (fig. 9^*^)- The tiro par^ of the fissure 
continuous with each other round the poslenor end of the thalamuB U will be 
remembered that the chorioid Basure Is the fimt feaurc to appear on the surface nl 
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I he hemisphere (p, anti cororiBl sections across the brain of a tM'o^months’ 
embryo ahtnv that the floor of The upper part of the hsaure U directly continuous 
with the ependytna] roof of the third vcntrick, and that the vascular pia mater 
which co%'ers the latter is continued into the chonoid Assure on each side. At this 
aiii^, and prior to the development of the connnissures and the expansion O'f the 
lamina leiminalis, only one layer of pia mater covers the roof of the third ventricle 
(fig. 1, A). When tlic oorpus callosum grows backwards, it passes above the I ine of 
the chorioid fissure and carries with it on its under stii^e a second layer of pia 
mater (Jig. S70). In this wjiy t^vo layers of pia mater come to lie above the ependvinal 
roof of the third ventricle and on each side they pass Into the chorioid fissure to 
enclose the vessels of the chorioid plexus (fig, 909), Posteriorly these ttvo layers 
separate from each other. The lower layer follows the roof of the third ventricle to 
the pineal body and the tectum of the tuid-bruia, rvhile tJie upper layer ascends 00 
the back of the spichium and is continuous with the pia mater on the upper surface 
of the corpus callosum (fig. S70). 

I'hese two layers of pia mater constitute the tefa ehomidta of ike third oetrtnr/e. 
Viewed from above> they form a triangular fold, the rounded apex being situated at 
the interventricular foramen (fig, 911). The edges aro irregular and contain the 
vascular fringes of the chorioid plexuses of the lateral ventricles. The posterior or 
basal angles are continuous with the vascular fringes of pia mater which are in- 
vaginated into the inferior horns, but over the central and wider part of the base the 
two constituent layers separate from each other as already explained. When the 
splenium of the corpus callosum is viewed from behind, a transverae slit is seen 
below it. 'ITiis slit is termed the trmtsvme Jissure of die brain, but it must be 
remembered that it is nni really a cerebral fissure in the true sense of the term, for it 
docs not coirespoud to any infolding of the cerebral cortex. Before the pia mater is 
removed, the transverse fissun: leads into the interval between the two layeraof the 
tela chnrioidca. and this interval is a portion of the cxtra-oerehral space which has 
been enclosed by the backward growth of the corpus callosum. 

Tbc chorioid plexus consists 'bf minute and highly vascular villous processes 
each possessing an afferent and an cJfcren t blood-vessel' The arteriet of the plexus 
are: (a) the anterior chorioid artery, a branch of the intenial carotid artery which 
enters the plestis at the anterior end of the inferior horn; and (h) the ^terior 
ciiorioid. one or two small hranclics of the positiior cerebral arterv which pass into 
the upper part of the chorioidal fissure. The twm of the plexus unite to form a single 
tortuDUB vessel (chonoid vein) which begins in the inferior hom of the ventride wd 
couracs in the plexus to the interventricular foramen and there joins the lhalamo- 
smatc vein (p. S+o) to form the corresponding intermUertbral vein. The two internal 
cerebral veins run backwards close to the median plane between die two Isiycre of the 
tela chorioidca of the third vcniridc. When the two layers separate below the 
splenium of the corpus calloaum, the two veins unite to fann the fteat eer^vat vebt 
which curves backwards and upwnrds behind the splenium to ioin the straicht sinus’ 
The raendyma which covens the chorioid plexus is of the nature of « secretorv 
epithelium and plays an important part in the secretion of the cerebrospinal fluid 
(p. (085). 

Tlte weigbi of the brain.-The average weight of the brain, in the adult male, 
.s about 1380 gms ; that of the female, about lijo gms. U the male, the maximum 
weight out of 278 cases vras (840 gms. and the miuimum weight 064 oms The 
maximum weight of the adult fmair brain, out of 19 j ease,, was 1585 giro and the 
immmum weight 879 gms. The brain rapidly during the first twelve 

months of hfc. and the brain of a year^ld child ts on the average two and a half 
tunes u heavy SB the brain nf a newly-bom infant (p. 143). By the sixth year the 
brim has reached »s per cent or more of its weight in the adult This increase is 
attributable forthe most part to the medullation of the nerve-fibres Asage advances 
the brain decreases slowly in weight; in old age the decrease takes plare iriorc rapidly! 

Applied /Infltomj'.— iHleytai wpnj, jg often the scat of hzmorrhsKe from the 
lateral stnatr^ry (C^cot * orrery of «rehral h^morrhsee 'J. or of SirLbosis. 
in paciciiits whose are wcjikcned by oM aire or i * * . 

plexy.- » .he result: hlW » effused fLn the^'ropml^esreis a‘n^ 
surrounding htam tissue, and also interferes with the ntighbouring fibre® bv the 
Cixiipression ret up by us mass. If ihe hamorrfiaBe « sudden »id at aU brae 
rapid and complete loss of currtciouaness folluwi. with paralysis the opposite 


THE CHIEF NERVE TRACTS loyt 

4idc of the bodj^ and loss of control over the aphincterm^ toffethcr with a varlfibk 
degree of K«niumathe§ia. If k m the posterior linrib of the iotefTial capsule that 
ia involved, the parBlpis will be moie marked in the leg than m the amii and 
will be asAomicd with homonymous hemiimopLa or bUndn^ of the camespond^ 
halves of the two retiiue^ the patient being unable to ace objects on the opposite side 
of the body* 

The CitiEF Nerve Thacts 

The anatomy of the vartooa p&m of the centnil tiervou* systan having been de¬ 
scribed in detail^ a shore summary will now be given of the chief iiSCcndinR aniJ 

FlO. 911.*—The pathway of the fibret conveying lome laeiile and eonBcTooi 
proprioceptive icruibility. 
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dtatf^nding ntfve tracts cDtincciini; the bhiiti and the *pititil medullu. ITiis may be 
cfTcctetl most con^Tiiiently by erouping tlwm as follows ; (h) the sensory (ascendmg) 
(i) the motor (descending) tmets, and (c) the cc^c^x^lb^ aysLcm.^ Cci^trcndlng 
and descending). 


Tm SirjiSORY 'rRACis 

Tlie sensory icnpulB^a traversing the cerebtospinal axis may be resoh’cd into the 
following groups : (1) iniftoctfifivi, aiiaing in the viscera r (2> pTQpriai^fhi, arising 
io the muscles, tendons, joints, clc. ; and (3) cxrmc^ptivt^ initiated on the surface of 
the bfidy. 

(1) Little is knt^wn concerning the pathway followed by the intemceptit'e fibres, 
(s) pnopriocepiive fibres ue accompanied throughout by the fibres w'hich convey 
tactile sensibility (light touchy They enter the spinal medullii through the posterior 
roots of the spiniil nerves, and at once ditide into descending and ascending bmnehes { 
the descending branches flown enter and nimify in the grey matter ; the majority of 
the ascending bnmehes are continued into the posterior funiculi, where they joini 
the fd 4 ciculU 4 graeilis and fascieulLis etineatuj., llrcse fascieuLi end by arborising 
around the cells of the nucleus giRdlis end nucleus cuncatua in the medulla oblongata 
{fig. from these cells the fibres of the meditl lemniscus take orilpn and cross 

to the opposite sid-e in the sensory derussarion. In its further course the medlid 
lemniscus receives fibres from the temimal micki of the ordinary spASoty cmnial 
nerv^a of the oppcisttc aide- ^Vacsending thmugh the cerebral peduncle the rticdkl 
lemniscus is carried into the iholamiui, where its fibres eitd. The liim mated ar¬ 
rangement of tht fibres of the mcdinl IcmnLttuj k described on p. 1^63+ Ftom the 
cells of the thnlamu^i the fibres of the diird link in the eJuLin ariw and pass to the 
cerebril cortex behind (he ccntml sulcus. It is Imporumt to observe that these fibres 
do not cixige the median plane until they rettch the medulla oblongata, and, therefore 
unilateral lesions of die spinal medulla Ln^ olving the posterior funiculus, arc accom¬ 
panied by fpsit^tfrai loss of propriocepti^-^ and tactile sensibility. 

(3) Fibres conveying exieroeeptive sensibility oacend through three pathways in 
the spinal medidk (fig. 913). {a} Some Bbrra c&ni ry^ng stimuU af toadi ascend in the 
posterior white columns of the spinal medulla (rfi prfcedingpanif^aph}. (A) Fibres ron- 
pawftil ami thrrmd sltmtih are relayed in the substantia gdarinosa and the 
adjoining head oi the posTerioi: grey eoJumii and crow fAr mdmir plane at or & Irliif 
aAoi e the /iTtf/ ai refuch they enur tAr spimii mfdulh. 'I'hcy then join the late nil spimt- 
thflJamic tnirt. (rj Fihrei fommirtg preijure mmuli and. ptmibly, sonft fierwRit 0/ fatiiU 
f^mihliity are relayed in the head of the posterior grey column and then ascend fur a 
varying number of segmennv before they cross the median plunc and pass into the 
mUerJor spinothalamic imct {p. i>+r). Both spinothalatnic tracts aacend through the 
mpiiml tnedulla in the medulla dliloogatii, where tl^ lateral tract is continued upwiirds 
aa the ipiital ImmixoiS, while the un tcrior pact Joins the medial lemniscus. In its course 
through the pnns and mid-brainp the spinal kmnificug is closely relsced to the lateral 
portion of the medifll leninisciui and it terminates ubnve in the ventral group of nucifI 
of the fbalumua* Thcr^ the fibres are rekyed and the fibiw of the third neurones pa;^ 
through the posterior limb of the intemal capsule to reach the postcentral gvms The 
fibres of the tri^ miKal Inums^t occupy the vcntrimcdkl portion of the medkl iemni- 
fcus in the medulla oblongata bur, with the altered position of tbc medial lemniscus in 
the pons and mid^bnnn, they come m lie in its lateral part st lughcr levels, and are 
media] Aide of the spinal Icmniictis. The larfunatcd amnHcment 
of rhe fibres of the irigemial and spinal lemnisci is described on pp. 944 and 060. 

It k important to observe that the fibres conveying painful and thermal senaations 
cross the median plane soon after entering the spinal medulla. LTnilateraJ Icrions of the 
spinothalamic tracts are accompanted by eontrelDirrtil loss of painful and thermal 
sensibility. Lcaiona in the neighbourhood of the commiMurel grev matter on the 
other hand, w ill cause bilatcml loss of both forma of genaibility, but the areas afketed 
will correspond to the segments involved in ihe aptnd medulla. 

lE will be observed that in most cases ^cre are three ecli-itadons intetpiwed in the 
course of the itcnsoiy impulses j for cliniEi^ai purposes, therefore, three groups of 
neurones are recogmred : ft) the Im^it renjcry amrwtn. which comprise the cells of 
the dorsal rmu ganglia, and their peripheral and central proceaa« ■ la) ihc wtew^ 
mrdutti irnsary nnirann between these and the thalamus ; and fi) the ArWiMf ttmory 
rrmruft^i, which arc the cells of the thaiamua and ihe fibres passing from them to the 
cerebral cortex. 


The MtytoR Traci^ 

Included under this hcsdiii* an thr corttcuspinol and curticonuclcar mid »> 
the cxirap^'raniicLil tracts. 

The curticMploal atul corticonuclear syslctn ffijf, 014)—The constituent 
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fibres cf this art the aKls-cylindcrpnTCmcs 0f the bin^fe pyrnttiidjiJ c^llt limited 

m the ln^cr and oihcr aIIa of the m^tesr area of the cortex (p. ioj 7 ). The 

fibres converge as they descend tbroupidi the consna rodista. ttud pass bet^'cen the 

FiC^ ^thveayM for fibroG canVE^ifig ckteTOfieptive ficOsibilixics. 

(Hlue=tHiin md therntidh Red ^tactile-) 



Thw Eutmr gf | 3 |£ fiiitD ham tbir imn^ubmk tnet in dw brain-fUm it uzfvcrtrin- iTbg 

DKtilt iibref in Ibe pnCBiai- fuAkulm ■fc ihown lo As- 


Icntiform nucleus and Thalanius. in the genu and tn the AnteHor rwo-thinb of the 
pnatcrior Limb of the infcmiJ capsule ; those in the gctiu ait luinKd the corticonudear 
(geniculate) fibte»> the others the cortkospinol fibre*. Both «rti of fibres proceed 
domi«w^, through the middlo three-fifth* of the base cf the cerebral peduncle, uid 
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then thecortiocHlutIcer Abm i^rosa the median plane, artd end by nTboriaingaround the 
ocJb of the motor nuclei of the cninUJ nerves. The cordwspinai fibres arc eDOtinued 
downwards into the pyrstmid of the medulla oblani^tft, and thence proceed by two 


FlO- gt-i.—The ptincipd nwiqr paihwayi. 
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pathe. The fibrei neirwt to the anterior median figsum cn»9 the median plane, inters 
■cetiog the corresponding fibre* from the opposite aide and forming the detmsaiiott of 
thf pyramidi, and dcacend in lateral funiculus Cff die oppoaile aide of the spinal 
medulla^ » the lateral cortifCoapoMl Jasckulu* (crowed pyimtiidal tract), llifoughout 
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the length of the spin&l meduLk, fibres from this trart puts into the grey mfitter, to end 
by atboriBing with the dendrites and cytonof an mtcmuileul neumne at ihc b«sc of the 
posterior column which senda its axon to syndpsc wi th cclLi of the anterior column. 
The more IflteiaUy placed corticospiiul fibres do not derussate in the medulla 
oblongaca^ but descend as the anterior corticospinal fasdcuiiis (direct pyramidal tract ); 
tn each Begment of the upper half of the spinal medulla some of these fibres cross in the 
anterior white ccKmtnwsute, with the result that all end in the grey matter of the oppo- 

Fta* 015.—Diogrem thawing the principal compotLenti of the cxlrsp>Tamidal 
By stem, (After Dcnny-Brewiu) 


Median plane 



site side. There is eonsidertihlc variation m the extent to which decussnlton t^es 
place in the medulla oblongata; about twn^thirds or threofourtfis of the cnrtico- 
spimU fibres usually dccuisatc in the medulLa oblongata and tl^ remainder In the 
spinal medulla. Recent caperimentaL evidence has shown that in addition cortico¬ 
spinal fibres descend uncrossed in the lateral fiinicuius of the aami: side. Most, if not 
alfi of these fibres, many of which can be traced ai low" as the mid-sacral retfion, ire 
believed to terminate, through the mediom of a ctMinector neurone, by ar^riaing 
imund cells in the ipsilatinal anterior grey column. 
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The ExCTapyramida] System* —The constituents af ihe extra- 

pyramidal sy?tEfii cotnpri^ (a) tlic premotor, and possibly Dtlicr areas of the cortcjE^ 
(fc) a. number of subcordcaJ nuclei of grey matfer and (f) the fibre pBrhvva3r& which lixdc 
them to one another and to the motor nucld of the brain-Blcm and Bpinal nieduLLa. 

fo) The prmotcr area is, presumablyp linked to the motor area by a very large 
number of short arcuate fibres* md it project on to the corpus striatum, the plobtis 
paiUdus, and the substantia nigra. The corticostrintc fib™ have been identified f 
as a bundle, termed the rviKoihfal which extends dorsally along the 

Upper ta>rder of the head and body of the caudate nucleus lying below thr cdtpus 
callosum and incimately lektcd to the fronto-occipitnl arcuate bundle. These 
fibres are related blcmUy to the ba$e of the corona radiatn, while the cottico-pallidal 
and corcko-nigral fibres mingle with the fibres of the p^Tumidjil sysien'E in the internal 
capsule. Extensive Jcsions in ihis situatinn intenrupt both pathwaj^ and give rise to 
the typical picture of the * upper neurone lesion,* in whidi the cotiiralaterel limbs are 
paralysed and the aficctcd muscles are £pa$tic or hyperLonk (tet iater}. 

(&) ^riic subcortical nuclei of grey matter which form constituent partit of the 
system include i (t) the corpus striutuiii and the globus pallidum of the lEfuiform 
nueJeus (p. 1064) I (iz) the subthalonik nucleus {p. 1009) ^ (3) the red nucleus (p. 992}; 
(4) the Substantia nigra (pr tJ 9 o) I (5) the scattered gr^ matteT of the tegmentum of the 
mid-bniin (p. 990) ; (6> the grey matter of the reticular forniatrtm of the puns and 
roedulla oblungatn (p. 054) and (7) the olivAry nucleus (p- 956). These has^e already 
been dealt with indiidduolly in the preceding pages. 

(c) So far as h known at the present litne, only the corpus striatum, the globus 
pailidua and the substantia nigra receive fibres dJrecr from the cortcKn 

Both the corpus atriatum and the globus pallidus project on to the substantia nigra 
and* io fiddidon, the globus pallidus sends cfTetefit fibres to the subthnlamic and ihc 
red nuckus. From the subBtantia nrgni and these two nuclei efferent fibres poxs to the 
grey matter of the tegmentum of tlie mid^bmin and of itie reticular formation uf ihc 
pons and medulla. \n addition,the red nucleus projects directly011 to ilarspinal mcduH-ii 
CP' ^3) ^ olivary nucleus. 

rinfllly, tcgmcntospinal, rcdculospinnE and olivospinal fibres descend to the spinal 
medulla, but ii is uncertain whetlicr they descend uninicmipted or by a scries of 
relays. The tegmento- and redculo'spinal fibres arc boiji emssed and uncrossed. 
According to fctimc authorities, the crossed rcticujospitial fibres run dowti ki the lateral 
corticospinal tract and the uncrossed fibres in the anterior cortkospinai tract. 

Additionil sources of aedvation for the extrapyramicUl system have also been 
described. Tl^ey include the srEioll-cellcd part of the substunik nigcBp the thalamus 
(tJitough the thalamo-pallidBl fibres) and the h>'pothaljimu3+ 

It reusi he noted that while the fibres of both systems are intimately related in the 
iniemal capsule, their paths diverge in the brain-stem. *rhc fibres of the corticospinal 
system, which are unimerrupted in theif passage from tJie coticx To the spinal medulk, 
occupy ■ ventral po^ition^ but the cxtrapyromidal fibres, which descend by a series of 
relays, are placed more dorsally and run through the tegmentum of the mid-bmin sod 
pons and the dorsal part of the medulla oblongata. On this account Jn lesions confined 
to the pyramid of the medulb ubloogsta, only the pyramidal system is HiTcclcdn while 
tile extrepyramidai fibres escape. EspcimicnTal bilateml sectiuo of the pvromid in 
monkeys t ia characieriicd by ayfeccid paraiysis of the limbs. Although cer^In of the 
grosser movements arc retained, they are feeble suid are rendered difikuk owing to 
instabifity of the trunk. Deeply patTcrncd emotional responses, e.g, fear, desire, etc., 
ate still capable of expression^ the * bcKly-tighutig ‘ refiexes arc retairEed and pro- 
gressioiik though alow^ and clumsy^ is stiJI possible, “^rbe most striking feature of the 
lesion is the cQmplfie aits^n q/ spasluiiy in tht p^raiyud mmdn. 

Since both a^rstcros miiai itccesoarily use the final common motor pathway^ it k 
tiuf unreasonable to suppose that voluntary movements initiated at cortical level 
represent the summstion of the expressions of Interrelated parts of both aystema. 

For the pcrforiruince of skilled acta, two things arc essentiaJ^ viz, : 11)'the power 
to cxeciilc discrete movemeriTs and (a) the power to * w'eave " them mio an effective 
sequenoe in harmony with the plural rnedianisms of the body. Bath systems are 
employed Bimultancoilsly to Eichic^^ the result, (i) being mainly the reapnnaibility of 
the pytomidol system and ( 2 ) the r^ponaibibty of the cxtrepyromidal system, I'he 
numerous connexions and minificarions of the latter system enable It to exert a con- 
uderable infiuence over the postural medianisms of the body* iTiis infiocncc ii 
mainly inhibitofy so that damage to the extrapyromidal system leada to n release of 
exaggerated pofitural tone. 


■For a dclailcd COTUUlt IX l>icmiy-Brown, OxfctFd lAKUt-Lmif Mrdifvtf Oxf. 

Univ. Press, New York, 1945 i and F. .A Mettler, Hn. 
t E. S. Tower, 5S* toys, and <^3, 1940, 
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Lcs^ionii of thecxttupy-fiunidEd are ossociiifcd v% llh variciu^i ftioipr ph<;Tiomcitfl+ 

iuch EH tremor^ hypertonia^ spasms smd; other form* of hyperkinesia, but it is to be 
noteJ that the rcsultiriit rooveanenis are uncontioUable. It ha* been suggested thol the 
underlying cause is disproportional inner^'ation of j:t=ciprucaring niusdc graups. 

'I'hc asona of the motor cells in the cranial nuclei pn.Mj;cd through the onmisl 
nerves, sihiie those nf the cell* in the gnieriof grey column of the spinal medulla pass 
out in the ventral unjis of the spinal nerve*, forming thus in each instance a Jimi 
moior pinfm-ny, along which itnpuliics atv conducted to the mii^tcles of the 
head, trunlt ancl limbs. For clinical purp^jses the nejuroncs constituting tht final moior 
pathway are gn>uped as the /ererr fffofor JTcuTOnfjf, while the other nt=umnts of the motor 
pflihway furm the group of itpprr nmrwtes. 


TtlE C-RBERRUJUt l:>V'STE.\tS 

The ccncbcllum exercises such an important influence on musde co-ordination 
(p, 983I that Impulses must be able to reach it from all parts of the cerebral cortex as 
well as from the spiiml mcdullap while impulses are conveyed from if to *nher co- 
ordinaring imd ms>ior tmdei in the cerebmspinal mi*. The activities of the cerebellum 
arc essential for ihc perfect execution of ^tilLmtary movetnents and ski lied acts. If is 
therefore intirmitely aisociated with both tlw pj'ramida! and tive ekEtapyramiiliil 

ARtrent iT^ct*.—A mnsidetnble number of arferent impulse* roach tlie cert- 
helium by way of tfic spinGl medulla through the medial fibres of the dorsal nerve- 
roots. In the spinsl nwdulla there are d^rte main pathwjrys. ' 11 ^ entering Hbfes, 
w'hich may be cidlatcnils of the lung useending Jibre* in die posterior funtcuLu* or 
tettninale and collafcrnl* of the intcTmediute fibres {p^ ^>42), end around the P=lla 
of the dorsal nucleii-'s \ the lihres from tliese cell* form the ptHtenor spino-cerebcllar 
tract of the same side, and are carried up Id the medulla oblongata, where they 
enter the inferior ccrebctbr peduncle and are conveyed to the cones of the vermis 
of the cerebellum. A second group of entering fibre* arborises araiind the mII* 
of ihe posrerior grey column of the spinal medulla ; of the fibres of these celh some 
cros* to the opposite aide ^vhlle o theirs pas* up the same side, forming an anterior spino- 
eCrebeJlar tract, which tniveracs the spinal medulla on the surface of the lateral white 
column, runs ihtough the medulla obbngata and pons, and then lumi Ji>wnivards and 
backward* to reach the cortex of the superior vcimi* by way of the superior cerebellar 
peduncle, llic fhird group of entering fibres rutuf up in the fasckulua cuneatus, and 
cndii m the MCire«Bot>' cuneatc ntiE^leua j relayed there, the fibres frxtetnal areyale^ 
p. *>58) pass in the inferior cerebellar pedundc to reach the cerebellar wrtex. 

llirec itnportani afferent tract* to the cerebellum run frorn the hraiti-stem, vjx* the 
Vestibulocerebellar^ the olivoctrebellor and the ipetocerebcllar. 'Phe vestibulo¬ 
cerebellar tract arises fmm the vestibular nuclei In the rhomboid fowa, and run* ift the 
inferior cerebelhir peduncle to end mainly in the flocculi and the nodule (p. ■^74). llic 
olivocerebellar tract arises in the olivary nudctis, crosses the median plane^ and gain* 
the cerebellum through the inferior cerebellar peduncle. ■|>ic icctocerehcltsr tract has 
its origin in ihi- celts of the colliculi and cntcre the cerebellum through the superior 
cerebellar peduncle. 

Of the remaining afferent fibre* to the ccrcbclluto the most imponajit group is that 
of the cctebfo-ponri-ccrebcilar trad*. 'I'hcsc fibre* arise from cells of the cerebral 
cortex* travel dowTiW'ards through the inlemal cap*ulc and cerebral peduncle, and end 
by arborising round the colb of the nuclei poPtis* New fibres arise from ihc cclb of 
these nuclei, crow the median plane, pas* through the middle ccrel>ellsr peduncle, 
and end in the cortex of the ccrcbclbr hemisphcTea. 

l^erent txacta.—The efferent tracts from the cerebellar correx originate from the 
Purkinje ceda and rem to itrborisc around cells of the cerebellar nuclei ; with the 
cxcepticm of the flocculus and, possibly, lisc nodule, the cerebellar cotreaE rends no 
fibre* direct to die rral of the brain or id the spinal medulla, Several wnall group* of 
fibres arising from the cerebellar nudei mn to vericiui nuclei in rfw ccrebrnspinaj axis, 
but the chief efferent tract i* that w^hich forms the greater part of the superior cerebellar 
peduncle, crosses the median plane, and ascend* to the red nucleus* where some of it* 
fitires tcr^nate. Other* reach the thalamus and thence are relayed to the premoior 
area (p. 1041). From the red nucleus the rubrospinal tract arise*, crosses to the 
nppiHite side, and travels down in the pons and medulla oblongala 10 the lateral funi¬ 
culus of the spinal medulla, where it uUimafL-ly ends around the motor cells in the 
anterior grey column. From what bos already been stated it foUowa that, wherea* the 
final Common motor pathway is predominanlty under iht control of the contralateral 
cerebral hemisphere, it is to a srmilar extent controlled and regulated by the cerebellar 
hemisphere of the same side of the body. Qn this account extenrive Injury^ restricted 
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tD ont ccrcbeliitr hemisphere 'n n&isocisEEiS with hypototiin of the limb miiiicl« df tlse 
name flidc. 

Other EfTejent fibres from the ccnbelljir mieki pass to the nuclei of the vcatibulnr 
nen'r^ and are relnycd lu the apinal rrtcduJIa in the vcstibuhispioal tract and to the mptar 
nucki of thcorJtniaJ mm ea m the medio] lorunTx^Uinfl! bundle (p, 994)- fostigio- 
bulbar tract (p. 979), %vhich takes origin in die nuckua faatipi, hoohi round the lower 
end of the superior oerebellur peduntde, travcracs the inferior peduncle and remiinntea 
in the rctiErubr formation fp, 954) of ihe medulla oblungatm Bml the pons. 


MVHUNATION OF TillS FlISHi- GROUPS OF TItK SriNAt MeDUIJ^A AND BiUIN-^TEM 

According lo Lucoa KccStt and Hei^'cr * the proetK of myclination in the spinal 
medulla and the brain-stem occura in four dbtlinet During the founeentb wedc 

of iiitruuienne fife myelinatiori comiueoces in rhe vtitCrtil and dorsal ruot^ of the 
spinal ncrvci, in aJl the cranial ncr^'cs (^lith the exceptions of the oplic^ the cochlear 
and the sensory part of the tiiycniinal nerve (p. 1 loo)) and in many of the maicrs. 
Between the t^venty-seconii and the tAventy'-faurth week? addtEiorral fibre groups be¬ 
come affected. The process receives a fresh impetus at or just before birth and iignin 
about eight months bier. 

[:>e|>ciiding on the number and on the length tjf the fi>brc$ involved^ the penod Over 
which thfi process extends may last for from rw-u 10 ten weeks or mcrre. 

The tracts becotnc my'elinaled in t he follcming order t 

Jn the first period; (1) fasdeulua cuneetus^ (z) pMrertDf spinocerebellar, fj) 
anterior spinEM^erebellatf {4) latermi spinotbalBinic, (5;) spinotectal, (&) antciinr intcr^ 
segmental and (7) ihc niedial btij^itudinal biindle. 

In the ^ond ptdod 5 D) fa.wciilu5 gfwciliB, (i) posCcrior intenegmentaJ, f j> bteral 
intctSEgmcnial, (4) medial Icmniscua, (5)olivoccrebdlar and (6) fasciculus rctrollexus. 

In the ihird period : (i) posterolflteTaL, (z} latenil or^rticospiimJ! {creased pyTamidal), 
(3) rubfusplnal, (4) ttnlerioc egrtico^pins! {direct pynamidaJX is) eitemki arcume 
fibres^ (6) pontocerebellar fibres and (y) corticopontine fibres. 

In the fourth pcriiHl: the bwfbospimi! tmet (p, 943). 

Apptird Aumfjmy. —^^I'hc chief sympioms of diseancA nf the broin and spinal rncdullrt 
depend upon the particular ^riitems of ncuFonei picked out for arrack/and some of 
them may be briefly surntnatiaed as follows. Afnlor paratysii of the jpoiric type^ with 
rigidity uf the muscles and increased reflexes^ follows destruction of the cerebrospinal 
fibres in fixe mtcmiil capsule. According to Tuhoti t spasticity docs not occur 
unless the fibres from the premotor cortex arc destroyed ns w'dl aa the fibres frani the 
molar £5ortdx. Tn experiments on monkeys^ spaailcity is a feature of transect ions of the 
brain-stem above the lev'cl of the red nucleus, but does not occur when troJirectiona 
arc madt below' that level, t Further, coaea of flaccid hemiplegia following thrombosis 
of the middle cerebral artery are on record. Flaaid paral^^is, with loss of the reflexes 
and fnprd muscular fitTophy\ foliowA dratruetjon of the lowtr motor neurones^ 
paraiym follows injury 10 luiy part of the senBory path; in tabes it is due to injury of the 
lywesi sensory neutoneg, in hremiplegia m destruction of the highest sensory axon as it 
traverses the postetior limb of the internal capstilE, aj or the 

loss of some forniB of acnaation while others remain unimpkired, is seen in a number 
of conditions such as lahes and syrmgomyeJia : it shows that the paths through which 
various forms of sensatiem travel lo the brain nre difiTcrent. jAnorr^fait-s 0/ rrflfx 
itctifmt are of very great help in the diagnosis of nervous complaints. T^c numerous 
luprrjkial Of silitii {e.g. the pljuitar, in which tickling the sole of the foot brings 

on pkniar flexion of ihe iDesX if present, stsciw that the reflex arcs on whose integrity 
their exitmnee depends are intect; hut they are often absent in heslih and so cannot he 
trusted to indicate disease. I'he di‘irp rejf^n ^ tendon such w the knec-jerk+ 

or the tendo cakaneus Jerk, are increased in chronic degenemtion of, or gradually 
increasing pressure on, ihc corticoApinal fibres (upper motor neumtie). They are lost 
when the lower motor or lower sensory nturgnes are diseased, and in a few other 
condinoiui \ absence of the knee-jerk is very rare tn health, and suggcsia disease in 
some pan of its reflex arc in the ihi id and fourth lum bar segments of the medulla^ or else* 
more nirely, jmtvc intrucrenial or spinal disease cutting off the lower from the higher 
nereoua centres, lire organU teftexet of the pupil, bladder* and rectum pn? of the 
grcatcBt practical importance. The crenmoticsl defect in the reflexes of the pupil is re^ 
flex iridopleitift, or failure to contrecton exposure to light, withoui failure to conlncton 
convvrgencc or Bccommodati™ (/Ji^ Jf jRoAerffiMi pupit) { p. i ^57), iTic pupil is also con¬ 
tracted, and may or may nut dilate when the akin of the neck is pinched (the ciliotpinoi 

• M- F. Lucas Keene and t. K Hewtr, J, LoiuL. 66, 1931. 

t J. F, Fiiltun, Phynotogy rtf ihr Sirtom Sytttm, jrd fld. Oxford UniverBity Press, 1951. 
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Mictuntion ut a a^iuJ neiJex nuiicJi under the contnit of tiie cortex fo iftii 1 > 
j'!**'' second samI segment is dcatm^ed. The sphbcter 
^ tfw w^j of the bladder are paralysed, the bladder become# distended vriih urine, 
^ ine^dnenee from overftiw results. U thii «ntns cKape, injury buriscuV^ 
rno« or less completely from impulsis# descending to it ftwi above thm will be raor* 

'This varies in degtee fmm the * pr^p^« 
mict^mm of tabetic patients, who must p«fbree hurty to pasa water the monient 
the unpulM Kizea thc^, to ihc state of Veflex rnt:ontineiice/ when the bJaddfr 
^ empues iiself periodically, almuat without the patient’s knowJedfie. 


Flo. Qrfi^—jpe dura mater^d its pr«eH«. KxposEd by the rtmavil of a part of 
the n|{ht half of iJie ikullip and tho btAin. iScnii ■-diHiiitunjtutic,. 
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*1^ ufip^ motor wwrtHif (p. 1 070) i# iffccted in hemiplegia, the loaw motttr ftfuronr 
m pouantyciitis; both these systems of neuitificsare diseased together in the scmiewhat 
rare duordc^ known as amyotrophic laferul scleiosi# and pmgressive muscular 
atrophy. T^e emci symptom here is wasting and weakness in certain groups of 
muscles j the palsj- j# Baccid, with loss of the reBeaces, or spHstie, with increased 
rettexes, according as tn^whether the degeneration mainly involves the lower or the 
upper motor neurone. The sphincters am adecied only in the iater stages of these 


THE MEMBRANES OF 'FHE BRAIN AND SPINAL MEDULL.^ 

The brain and the spinal medulla a« envebpetJ hy three membranes [meningesl, 
tiamed from without inwards: the dura mater, the arachnoid and the pta mbter! 

TitE Duka Mates 

The dura maicr is a thick and dense Inelastic membrane. ‘Fhc portion of it 
which encloses the brain (cerebral dura materl dtffcta in several particulars from that 
which surrounds the spinal medulla (spinal dura mater), and therefore it is necessary 
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to deacrib« ^cm separately; the nvo parts, howm er, form one complete membrane. 
And iw continuous Mith each other at the foramen magtium, 

1 he dura mater lines the interior of the skull, and serves the two-fold 

puiposc of an mtemaJ periosiciim to the bones* and a protective membrane for the 
« t".' .l! ** of ftvo layers, in jiiner or meningeal and an outer or endo¬ 

steal, these are closely united, except along certain lines where they a« separated 
by the venous amuses which drain tite blood from the brain (p, 847). The dura 
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mater adhcrts to the inner surfaces of the cranial bonB, and sends blood-vt^ls and 

base of the skull, and around the foramen magnum. The blood-vessels and fibres 
processes «c tom across when the dura mater is detached from the 
consequently the outer surface of Ute membrane presents a rough and fibSla^ 
appearance ; the inner surface « smooth and lined by a layer of mLjthelium 
endosteal layer of the dura main is condnuous through Vhe sutures and the fora! 
mma of the skull with the pericranium, and through the superior orbital fissure 
with the periosteal hmng of the orbital cavdty. It provides tuKlar shStS 
^1^ nmes as the latter p«s through the foramina at the base of ihV iJir 
Outwde the skull these sheaths fiise with the eplneurium of the nenea and ?he 
shca^ of the opuc nerve is contimimw with the sclera of the eveball ‘ 

The mciui^rai byer of the cerebral dura mater sends inwards four processes or 
•epta which divide the cranial cavity into a series of freelv mmmunie^dng^e® 
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for ilic lodgment qf tlic Eubdh'i&ions of the brain. 'Fhcsc processes arc covered on 
their free surfaces by mcaothcUum, ^ud tlicy contairi a variable quantity of white 
fibrous and yellow tissue. 

(1) Th e/tfiv embri (fig. so named from its sickle-l ike form, w si st rofig, arched 
process nf durs mater which descends vertically in the longitudLnaJ fissure betw'een 
the cerebral hemispherea. It is narrow in front, where it is fixed to the crista gidli 
of the ethmoid bone ; and broad behind^ where it blends in the median plane with 
the upper surface of the icntoriuEti ccrehclli; the nairowp anterior part is ihin^ and 
is frequently perforated by numerous aperturea^ The upper margin of the falx 
cerebri is convex, and attached to the inner surface of the skull on each aide of the 
median plane, aa far back as the internal occipital piDtuberance; the sEiperior 
sagittal sinus (p. ^47) runs along this margin. Its lower margin is free and concave^ 
and contains the inferior sagittal sinus. The straight sinus runs along its attach¬ 
ment to the tcntorikim ccrcbelfi. 

(2) The tartorium ferMii (fig, 917) is a cresccniJc, arched lamina of dura mater 
which covere the cerebellum, and supports the occipital kpbea of the cerebrum. Its 
concave, anterior border is free, and between it and the dorsum selke of the sphenoid 
bone Uiere is a large ovial opening, named the tentorial noick, which b occupied by 
the mid-brain and the anicrior part of the superior vermis of the cerebellum. Iis 
convex outer border is attached posteriorly. to the lips of the iransvcne sulci of i he 
occipital bone and the postcro-inferior angles of the parietal bones, w here it lodges 
the tmns^-ersc sinuses \ (^) laterully, to the superior borders of the petrous parts of 
the temporal bones, where it encloses the Buperior petrosal sinuses. Near the apex 
of the petrous part of the tctnpoml bone the dura mater of the pofilcrior cranial fossa 
ia pouched forwards and kiemlly to form a recess between the fioor of the middle 
cranial fossa and its dum! coverings The recess is termed the cwwm Irigemwale 
because it comains the roots, ganglion and the adjoining parts of the divisions qf the 
trigeminal nerve. In iia fomsation the lower layer of the tentorium is curried for- 
W'ards and laterally, below the superior petrosal sinus and the dura mater in the floor 
of the middle crania] fossa, to form the roof of the recess, l^ateral to the irigeminal 
ganglion, the roof of the rectss becomes reflected on to the trigerotnal impression on 
the apex of the petrooB pari of the temporal bone and so Ivecomcs continuous with 
the dura mater on the posicrior aspect of that bone, ^interiorly the recess cornea into 
relation with, and projccls into, the cavernous sinus, up w hich it mends for at least 
one-half of its height * The lateral wall of the recess is adherent to the deep surface 
of the dura mater which forma the lateral wull of the cavernous Binus ffig. 941). At 
the apex of the petrous part of the tempKiTul bone the free and attached borders of the 
tentorium cross each other (fig* 9 Jjh th^r f^*^ borders arc fixed to the anterior, and 
the attached borders to the posterior, clinoid proccBSts of ihe sphenoid bone^ As 
already described, the Btratght sinus runs in the line of attachment of the posterior 
part ii'f the inferior border of tlie falx oerebri to the tentorium cercbelli. 

(3) The faLv cefeMli is asm ill. sicklc-shapcd process of dura mater which is situ¬ 
ated below me tentorium cerebelli. and projects foi^vards into the ptiaterior cerebellar 
notcJi. Its base, directed upwards^ ia attached to the posterior part of the inferior 
surface of the lentoriuin cerebelli, in the median plane; its posterior margin contains 
the occipital ainus, and is fixed to the internal oceipiial crest; its apex frequently 
divides into tw^j small folda, which arc lost on the sides of tilt foramen magnum. 

{4) The ielLe {fig. 917) a small, circular, horijmmaJ fold of dum 

mater, which forma a roof for the sella turdea and alnio&t completely covers the 
hypophysis ; a small opening in its centre transmits the infundibulum, 

Tlie aminKcmcni of ibc dura mater in the centml part of the middle cnuiial fossa 
required further description. A^i the free edge of the tentorium ccrehelli is rraecd for- 
wnr^, it oonvcqfeii on the atlaehed edge, and ciu«ea it near the apex the pcmHia 
part of the temporal bone. It is then continued forwards as a clearly visibly ndge on 
the dura mnter as far as the anterior elinoid proce&s, to which it is atlBchcd. ‘'riiis ridge 
marks the junction of rhe roof and lateral wall of the cavernous sinus (fig. 941). 

‘fire attained edge of the tentnrium cerebelli followm the superior border of the 
peimtiM part of the ternpnral bone jind, after being enssaed by the free edge, continues 
ibjrwards to the pmterinr clinoid process as a sorncviliat rounded and mdefinite ridge 
on the dum mater. 

An iinguljir interval exists ijcfwtcn the anterior parts of the wvo edges (fig. 917) and 
m thi$ interval the dura mater forms the mof of the cavernous stnus^ In this situatinn 
• R. D. t^oekhiiT, J. LisnU., -61, 1917. 


NEUROLOGY 


IC^2 

it h picrcc^d in fronr by die dcuIr^mrHor 9ntl behind hy the ifrHzhle^r n^n^», ^fbcM vwq 
nenxs remain in elunc contuct with the dura mater after piercing it amj are carried 
fomirnis and ciownwurds into the iateml wall of the covxmotis sintia 941}. 

Frcjm the untcmmedial pqrricjn of the lateral pan of ilic iiiid>dlc crpnini fuswui the 
dura tnntcr aAccnd$, forming the Imeirai wnlJ of tlie cavernous sinus. When it fL-Aches 
the ridge produced hy the forward cominnsfinn of the fr« cJ|ije of die tentorium 
cc rebel lip it is carried medially, forming the roof of the cavernous sinus, and i-s here 
pierced by the imcmal mmtid arteir>' ffig, 

Medially, the jthiF of the cavemuui ainuB ia continuoua with tlie upper surface of 
the diflphmjtnui aellie. Ai^ or just below, the opening in the diapbrngrrua for the 
infundibulum of the hypopb>'sis, the duni maler, praehfiosd; and pia mater blend w ith 
one another and with the vapAule of the hypophysJ.^^ so that ividiin the sella turcica it 
is ImpfHHihle tci diJTerentjate thv individual membranes nr to rccni^iH: the auhduiral 
and subanichnoid Spaces (fic- 04 i 

Structure.—TlieciunioS dura mater consists nf white fibrous tissue and elastic Bhtca 
arranged in dettened lamiive, which ntv imperfectly sepatsled by lacunar spacer and 
blood-vcficU inio the rndosteal and meningeal layers, already referred to. The endo¬ 
steal layer Ja the internal periosteum for the cranial buncs^ and containiithc blood-vessels 
for their supply H At the margin of the foramen miignum it i$ cuntJnuoiis wtth the pcii- 
eraniuitL TTne meningetd layer is lined on its inner surface by a layer of mesothcIJum 

The. arieriff of the ecn.'braL duia nuiicr me very numerous, 'fhow^ in the anterior 
fmsa of live shull arc the anterior meningitil branches of the anterior ind posterior eth¬ 
moidal and internal carotid crierics^ and q brunch from the middle meningeal artery', 
llictsc in the middle fossa are the middle and accessory inctiin^cal branchei of the 
maxilldty artery ; a bnindi from the ascending phary'nReal artery; which enters the 
slotII thmugh the fntamen laocnim ; branches from the inicmpl curutid artery, and a 
riicurrent branch from the lacKmsJ artery. '^Fhose in the posterior fossa sire meningeal 
branches from the siccipital artery; one cntenuK the skull through the jugulitr foramen. 
Bind another thrT>ugh ihe ma^aid forarm^n ; the posterior nieningeal bnanche^ of the 
vertebral artery ; occasional meningeal brunches from the ascending phary'tigeal 
nrtciy, entering tlit skull tlimugli the jugular fonuiien and anterior condylar canal. 

Thet’cim returning the bloc^d fnim the cranial dura mater are deaenhed on p. 845. 

Thc ncrvff of the cercbml dum mater are filamrnts fmm the ganglion of the 
trigcmiitil ner^e, from the Dphtlialmjc% irmsxlkry, mandibular, and vst^% nerves, 
and from the sympathclic. 

Tlie spinal dujfa mater (figs, qiz) forma a loose sheath around the 
spinal medulla^ and ncprcscnis only the inner, or meningeal, layer of the cere¬ 
bral dura mater; ihc outer, or cndofiieaL layer ceascf at the foramen magnum, 
i ta place being taken by tlic pcHostctim LLning the s ertcbral canal, which is separated 
from the spinal dura mater by an intcn'd^ termed the exlnitiuTai sfacf. 'Fhc 
spinal dura mater is attached to the circumference of the fiiramen magnum, 
and to the p^tcrioT surfacea of the liodies of the second and tlisrd cervical 
vertebral; it is also connected by fibrous slips to the pojjterior longitudinal 
ligament of the vertebra:* especially near the lower end of the vertebral canal. 
The subdural cavity'ends at the low'cr border of ilie second Sdcia] vertebra; btlow' 
this level the dura mater clo^flety iovrsis the filum terminak of ilse spinal medulla 
and descends to the back of the coccyx, where it bknds w'ilh the perinfliErum. The 
dura mater gives tubular prii>longationa to the roots of the spina! nerves and to the 
spinal nejTca themselves as they pass ibmugb the intcn'erccbrol foramina (fig. Q 22 ). 
1'h«e prolongations arc short in ihc upper part nf the vertebral column, bul 
gradually become longer below, owing to die increasing obliqttitv nf the nerve 

roots (p. 030 

The cxiradunl ftpajce lies bctivccn the spinal dura maicr and the peiiDSteum 
and ligaments lining the vertchml canal; it contains a quantity of Inosc fat and 
areolar tissue and a plexus of veins. The situation of these veins relative to the 
spinal duiB maicr corresponds to that of the eramaj stniises rcladvc to the cerebral 
dura, llic loose fat and areolar tissue of the space, which is known to clinicians as 
the epidunit extends laterally for a short distance through the intenxrtcbral 
foramina along the spinal nerves. It has been shown • that dyes or other fiujds 
injected into the sicral hiatus under pressure can spread upw'ards to the base of the 
skull In die extradural space, and that local anaesthetics Injected in the neighbour- 
fiooci of one spinal nenc immediately outside the imervertebml foramen may spread 

• R. R. Msdnioah and W, W* ^Muihin, Amsstfifna, July, 194?^ 
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tttbcr upwartb or downwards to aiTcct I he nerves of adjoining segmentSf or ftiav 
spread lo ihc opposite side. In each instance the spread occurs ihroiigh the extra¬ 
dural space. 

The subdttral space isa poienibl space bctivcen the dura maicr and the arach¬ 
noid mater- [t contains a film of serous fluid which tuoistens the smooth surfaces 
of the opposed mcmbnincs- It does not communicate with tiie euhamclinojd apace^ 
but is continued for a short distance on the cmiiial and spinal ner^-eSp and is in frra 
communication wkh the lytnph-spaces of the nerves* On the optic nerve it is 
continued us far m the back of the eycbalL 


The AitAciiNoiD 



'iTic arachnoid is a delicate membrane enveloping ihc hrain and spinal medulla 
and lying between the pia mater internally and the dura mater extcnially* It is 

separated from the dura mater . « 1 . . 

hv the mbdurul hut here 9 iS -A porfion of the spuuil tir.cdutl.i. ihowing 

* . g 1 • > .. I Lti tncmouftrivt. 

and there this space is traversed 
by isolated connective tissue 
trabecula: which are most 
numerous on the posterior 
surface of the spinal medulla. 

It is sopajuted from the piu 
mater by xhcinbur&cftmid space, 
which is filled with cerebro- 
^pinul fluid- 

I’hc amchnoid surrounds 
the crauial and Spinal nerves, 
and encloses them in luoae 
sheaths as hir as their points of 
exit from the skull and vertcbnil 
canah 

The cerebral frart of the 
arachttoid invesU the brain 
loosely, and does not dip into 
the sulci bcnvccn the ^vri< nor 
into the fissured^ with the 
exception of the langiludiiud 
fissure. On the upper surface 
of the brain it is thin and trans¬ 
parent I at the base it Is thicker, 
and slightly opaque towards 
the central part, where it ex¬ 
tends between thetw ‘0 temporal 
lubes in front of the pons, so as 
to leave a considerable interval 
between it and the pia mater. 

It cannot be identified in iho 
hypoph^'scal fossa* 

The sfyhial fian of ifir 
iiTiKlimid {figs. 9181 932 ) is h 
tJnn, ddicaic, tubular mem¬ 
brane loosely Investing the 

spinal iiicd\fl'la< Above, it ia * l ' t 

continuous with the cerebral arachnoid ; below* it widens out+ invcats the cauda 
equina, and ends at the level of the lower border of the second sacral vertchrat 


Stiruei'urc-r““*l'h* arachnoid cfuiassts of bundles of white bhrous and clastic 
tissue intimates y blended together* Its outer aurfacc is covered with a layer of mcs»- 
tlidium. VeaeJi of eoiuiderable siic, but few in number, anJ, accoiding to 11 
dalck, d rich plexus of ncr\ M derived from the motor mot of the tngcmiitalg the facial, 
and the accessory nerv es, arc found in the Cctebral part of the araehnoicL 

The subarachnoid space is the interval between the arachnoid and pb mater 
It contains the cerebrospinal fluid and the larger blood-vesselB of the brain, and Is 
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traveled by a network of deticatc conncMitive tissue trabccnlff, which connect the 
arachnoid to the pia mater. The pia maicr and the arachnoid arc in close contact 
on the suinnitta of Uie cerebral gyri . but where the arachnoid brid^ the sulcip 
anj^lar apace are teft^ in whidi the subarachnoid trabecular iisauc is found. At 
ceriain parts of the base of the brain, the arachnoid is separaicd from the pia 
uiatrr by wide interv-alg, which communicate freely w^ilh each other and are named 
lubar^icfinoiddftersKe; in these the aubaiacbnoid tissue is scanty and may be absent. 
The subarachnoid cisternSE (fig, giy). — The ftflrrflu certMhmeduilaris (fig, 
850) is formed by the arachnoid bridging ihc interval between the medulla oh- 
longata and the under surface of the cerebellum and is triangular on sagittal section ; 
it is concimious Iwlow^ with the subanichnoid space of the spinal mcdullii. The 
cistema ponlh (fig- 91^) is an eixicnsive space on the ventral surface of the pons* 
It contains the baailur artery* and is coritinuoua below with the aubamchnoid space 
of the spinal medulla^ behind with I he cerebelloiticdullarv dsterna, and in front 
of the pons with the dstema Jnlerpcduncularis- As the arachnoid eistends across 


Fio, —A diagmni the poBlltoni of the principal 

ftubardchnDid 



Ixrlwccn the uvo temporal lubes, it ib separated from the cerebral peduncles and 
the stJlictures in the interpeduncular fossa by the ciileFun mierpf^duTiculani^ 
which contains the diculus artcriuius. Anictiofly the Intcrpiedunctil^ dsterzui is 
continued in front of the optic chiasma and is prolonged on tJic surface of the 
corpus callosum ^ here the arachnoid stnetches between the cerebral hemi¬ 
spheres immediately below the free border of the falx cerebri, and this leaves a 
space In which the anterior cerebral arteries are contaiiicd. llic mttma &f fhe laitral 
fossa contains the middle cerebral artery, and is formed In front of each temporal 
lobe by the arachnoid bridging tlic latentl sulcus. The astmia ventsc mugfm Cfrehri 
occupies the intervaJ betw^een the splenium of Ihc corpus callosum and the superior 
Burface of the cerebellum ; it contains the great cerehnal vein. 

The subarachnoid space communicates with the gtncnil ventricular cav-ity of the 
brain by three openings ! one, the median aptriur^ (p, 985), is in the median plane in 
the Inferior pan of the roof of the fourth ventricle ; the other t^vo are at the ex* 
munitics of the lateral rccessca of that ventricle, l^hind the upper roots of the 
glossophaiyngcaJ nerves (p. 9S4)- There is no direct communication between the 
subdu ral and subarachnoid spaces. Communications exist between the tissue spaces 
in the nasal mucous membrane and the subarachnoid space through ehannele which 
are present along the course of the olfaj-tory nerves. 

The spinal part of the subarachnoid apace is a wide interval, and is larsgest at the 
lower part of the vcrtchral canal, where the arachnoid encloses the nerves 
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u'bich form the cauda equina. Above, it ifi continuous with the crunitl subarachnoid 
space ^ below, it ends ot the level of the lower border of die seeonti sacral venehra. 
It 18 partblly divided by two septa, temicil, respectively, the srpfum 

and the ligam^nium dmiiftildium. Both are described later fp. ic^). 

The arachnoitt granuJatiotts (bg. gzi) are small fleshy-IcNjking elevations, 
usually collected in clusters, which are present in the vicinity of the superior 
sagUt::^, tianaverse^ and some other sinuses. When the sagittal dnus and the 
venous kennee on each side of it arc opened, grnnulations will be found promiding 
into their inicrior (fig. 757). Oft dost inspection they may be seen at the age of 
eighteen months, and at the age of three they are disseminated over a considerable 
area; they incnrasc in number and size as advances. Tijey cause absorpiion of 
the bone, and so produce the pits or depressions on the inner a^ct of the skull-cap. 
Arachnoid granulations are macroscopic enlargements, or distensions, of minute 
projecdons of the arachnoid mater, termed arai:httmd vft{$\ w hich are normally 
present in great numbers in young subjects. 

Structure.— The growih and strutiure of the arachnoid villi and ^jranuktiona liave 
been desedbed by Le Groa Clark.* HistolDgiealSiy each villus appears as a diverticulum 
of the flubanchnoid space, pcneiratinis into the inicrstiecs of ihc dum matet^ and 


Pic. C 24 .'—A dkgrPTn to show the fitmeture of a arukll antchnoed {^raniibdan. 
(After W. E. Le Groa Clark.) 

Jrtinwe/ 

ipim msua nAici «ei!vrpji|7 


Dura maSer 


nvitcr fxjrie^ 

covered by a layer of flattened cclli eontaining large ovaJ nudei and lightly staining 
pratoplaam. In iht: suUaraehnoid apace there is a retjculum of fine hbrous tissue, the 
density of w hich is os a rule grealcr at the periphety thiUi at the centre of the grunuU^ 
tion ; in advaiu^ age it frequently contains calcareous nodules. 

At the summit of the villijs the mcsothelinl cells proliferate and fonti a cap which 
penetrates the surrounding dure maiet^ and fuses with the endothelial lining of one of 
the intradural venous sinuses (fig. 930) ; in doing so it pulls out a little stalk of STuch- 
noid containing a divcrtieulLim of the subaracHnold space. Eiccept at the point 
of Fusion wiih ihc. endothelial lining of the sinus, the viUua issurmiinded by the aub- 
duml space and the dura mater ; the latter, ccn'cted on its eerebml surface by a layer 
of mesothdium, is mva^Exsted into the ^■enous sinus by the protrusion of the 
gmniilailun. 

Fluid injected into the subamchnoid spare passes into these granulationi and villi, 
and it haa been fovind expctimentoJIy that fluid posses by osmosis from the arachnoid 
villi into the venous sinuses of the dura mater. 

The crrtbrosfrinat Jluitf is a clear, slightly alkaline fluid, with a specific gravity- of 
about 1007. It contains Ln solution inorganic salts similar to tho^ in the blood- 
plasma, and also traces of protein and glucose. The cerebrospirial fluid is secreted 
into the ventricles of the brairi by the cliorioid plexuses and into the subarachnoid 
space by the chorioid plexuses of the Literal recesses of the fourtit ventricle (p* 986). 
From the veptriclca It posses through the median aperture and the foramina of the 
• W. E- Le GtM Clark, J. Ijtind., 55, raw. 
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latcnit iwttsstt wf the fourth ventiidc and so gains the subarachnoid space in the 
cistcmacerebcllomedullarisandthedsKma poniis. Within the cranium the™ rebro- 
Bpitial fluid Hows upwards throuj^h the gap in the tentorium ec^neili^ and then ror- 
wards and laicrallv over the inferior muface of the cerebrum. Finally it ascends over 
the lateral aspect iif each hemisphere to reach the arachnoid vihi as^ia^ with the 
superior sapttid sinus, and so is able to pass back again into the bloodstream. 
It is Pcnerally held that within the vertebral canal there is no active How. but that 
the process of diffusion and alterations of posture serve to mamtiiin the character 
of the fluid constant throughout the vvliole extent of the subarachnoid space. I bis 
is not altogether convincing, and recent experimental work • suggests that tlie 
cerebrospinal fluid may drain back locally into the venous aystem, through the 
vertebral venous plexuses, the iniervcrtebral veins and the posterior Intercast^ 
and upper lumbar veins into the azygos vein. 'I'he cerebrospinal fluid supports and 
protects the delicateatnicturc of the brain and spinal medulla, snd it maintains a um- 


Fw. Oil—A coronal tectiPH throuab « part of the top of ^e liuSl to show 
tht flLFTitPyfCSTicint of the vcifiB Jinii (ht irtcmbrUfiCi Oi th-c brniiii, ctCs, 
DinRnimtiijitic- 



fomi pressupt upf'jti ihatu In nddition, sincx pcrfaniiiii^ bnmdica of the 
cercbnil ancrica art accojnpanicjd by |Krri\a^kr cKanncIa which cqmmunlcaic 
with thr subanichnoid on ihc onf? hand, and pcrintriirDnal spaciis on tht^ othisr, 
the cerebrospinal fluid cornea into iniimate: rcktion with the ncrve-cclb of the 
cprteTt and basal niideL Our knowlenign: of the ciroilatlon of the cerebrospinal 
rtfciid and of ihc arachnoid vilU has^ lo a Lir^c extent, been built up on tijc work of 
W'ced and his cxjllaboratona.t 

Apptird —Dineases of the ccntia! nwous system and its membranes arc 

□ften renected m oJlcnitKfnft of the ceUs which fire nafKially found in the cei^hrospinal 
fluid or in alteradons lt% the concent ration of its chemical constifuentfi^ )ntcrlcn=nce 
with the circukflon of the fluid h indicated by variationa in the preasure wirhin the 
menirkAe$. The dctcriniriaijcin of thew alterations and variations is often af serkiee in 
diapooflis. 

Speeirnena of the ccrcbrospinoJ fluid may be obtained by the operation of luftihar 
pimrtuTf, which i* performed through the interval bcnvccii the famime or apine$ of the 
third and fourth (or fourth and liftM liambar vcrtchr^+ A fine trocar iind cannula is 
inserted at the point of intersect Eon of the tmertubcrculiir plane with the ptjatcrior 
median hue and i» passed t^bhqucly upwards and forwards a^ve the upper larder of 
* thi? spine pf the fourth tuinbar vertebra^ [t is carried throuifh, nr paraUcl to+ the 

• F, Howflrth and E A. Cbcipcrp 2 * 11 ^ 9 , 

t hr ti. Weed, CiMtf. Emtryfri^ Comeifs 1^10. and Jx Land.,, 70, 
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s^pnuipinaus and interepinem* ligomenta inio rhc vcrtchml canal Tlic dura niaicr and 
the arachnoid are punctured and (he instrument ia introduced into the ^ubarachnnjd 
Apace below ihe nnd of the ap inal raed ulla (fifj* 3^ to)- V\’ hen the trocar u w iihdrawn, 

the cerebrospinal fluid cscapn ihrou^ih the caitnula at the rale of one drop per second, 
under noroml condiiioru, but when the fluid Is under increased pressure it escapes in 
an almost contmnnus stream. If j| is suspc-cted that the ccrebrnspinal fluid is under 
increased preesurt, a^traui^eter should be attached to the CEimuIa, lest the sudden 
fal tn pressure^, ^vhjch would otherwise occur, should lead to impaetTon of the medulla 
oblunjjflta in the fonunen causing sudden death. 


The Pia Mater 

P*®, cloacly in vesta ih^ brsi n and spinal medulla ] it is a vascu tar nntni- 
bratiep consiftting of a plexus of minute hlnod'Ctasels held together hy on extremely 
fine areolar tissue, Ihe cmbral pia metier invests the entire surface of the brain, 
dips i>ctween the cerebral gyri and between the cerebellar lamirueu atit! is invaginnted 

Fifi, ~A transviMie teciion th^gh ihc ipinal medulla and it* meuibranns, 

Dioj^rammotic, 



to form teta chorioidua of the third v entricle, and (he chorioid plexuses of ibe 
lateral and third \-cntride#(pp. lotBand as it piMcs over (he roof of the fourth 

vcntnclc, it^ fomts the tela cbo ri oidca and (he chnnoid plexuses of this ventricle 
fp* I- (he Surfaces of the hemispheres it fjives off frnn) ils deep siitfnce a 

muliitudc of sheaths around the minute vessels that run perpendiculariv for some 
distance into the cerebral substance. On the cepebelliim tht membrane is more 
delicate; the vessels from its deep surface are shorter, and its rdariofts to the cortex 
are not so inrtmate. Like the arachnoid, the pia mater cannot be identified in the 
hypopht'seal fossa. 

The fpinal/>ia mitifr (figs. 91I}, qss) is thfeier, firmer, and less vascular than the 
cctebral pta mater; this is due to the fact that it consists of two (aveis, the outer or 
additional one beinpr composed of hundlca of bite connective tissue fibres, armneed 
for the niosi part longittidmally. Between the layers are cleftdiJtc spaces which 
communicate with the subarachnoid space, and a number of blood-vessels ^'he 
^mal pia ^tcf covers the spinal medulla, and is intimatelv adherent to it; in fitmt it 
dips into the anicnor median fissure and fines iu waltH. the' two layers involwd being 
connect^ by a loose open meshworfe of fine fibrous strands (fig, ^22}, A lonei* 
ludinal fibrous^band, called the tiitfa tplfnJem, estcnds along the median plane 
antcnorly, A fibrous sheet, named the ligamfnttm dentieulmum. Is situated on each 
side (fig. 9 i 8J. and a somewhat simiJar sheet, termed the nitmraffimHil $^pium, is 
presem po^cnorlv (fig, 92a). Below the conus medullar is the pia mater is continued 
as a lung slender filament, named the Jihm trminale (p. 92^). 

The pia mater fimns sheaths for the craniai and spina! nerves; these sheaths ate 
closely connected with the ner\«, and blend with tlitir common membranous 
investments. 
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TIi£ ligamencum dmiicuiaEum (figs. 918, 92Z) is n ndmWp fibrous sheet 
situated cm ^ch af thtr spiml iiit!duLb, bctw4M!n the vcrtii^i! and the dntsal ni2ire- 
roots. Its medial border is conDnuous with the pb mater at the side of tlie spinal 
medulla. Its lateral border presents a series of tnangukr tooth-like processes, the 
points of whicli are feed at inten^als to the dura mater. These processes are 
twenty-one in number, on each aide. 'ITic fim process crosses behind the vertebral 
artery at the point where that vessel pierces the dura mater, and Is separated by the 
artery Ifom the ventral root of the feat cervical ncrt'c 1 it is attached to the dura 
mater immediately above the margin of the foramen magnum^ a short distance 
lichind the hypoglossal nerve, and the spinal part of the accessory nervx ascends on 
its poslenor aspicct (hg+ S37). The lost process is betivecn the exits of the twelfth 
thoracic and first lumbar nerves, and consists of a narrow oblique band running 
downwards and laterally from the conus mcdullaris (fig. 9lit}. 

T\it subarachnoid sepium is an Interrupted sheet of fibrou? tissue, situated 
in the median plane. It connects ilie arachnoid to the pia mater opposite die 
posterior median sulcus (fig. 912^. Incomplete and cribriforni in tJjc cervical region, 
it forma a more complete partition in the thoracic regiom 


rilE PERIPHERAL E^\RT OF I HE NERVOUS SYSTEM 

The peripheral nervous System comprises die afferent, or centripetal, fibres 
which connect the sensory end-organs to the central nenmus sptem, and the 
efferent, or centrifugaL fibres which connect the central nervous system to the 
effector apparatus. It includes the twelve pain of cranial nerv^cs which arise from 
the brain, and the thirty-one pairs of spinal nerves which a rise from the spinal medulla. 
The sympathetic trunks with their various ganglia and branches beJong to this 
system, but they will be dealt with in a separate section. 

!n the most primitive vertebrates the spinal medulla gives rise to a series of ventral 
nerve-roots, aiiaing froin the anterior grey column and motor in function, and a series 
of dorsal nerve-foots, connected to the posterior grey culumn and sensory^ in function, 
^rhe vcntnii and dorul nuTVe-roots do not unitc^ und they do not coirespund in prid- 
tion. The ventral nervc-ruol is tegmental and is distributed to the myotome whidti 
corresponds to the ncu tome re from whiL-h it arises, dlie dor^l nen^c-root is inter- 
BegmeoT^il in pasirinti and rum in the intcrsegmental connective tissue to mich its 
cutaneoua distribution In the majority of fishes and in all higher forma tlie corre¬ 
sponding ventral nnddorjialnervc-roota which emerge from the spinal medulla unite with 
one another to cofutitutc the mdHidual apiiial nerves. TIic arrwifleTnenz uf ihe spinal 
nerves, ihereforcni follows a veT>- primitive pattern and has not undergone much njodi- 
fication in the process of evolution. 

Ihc arrangement of the cmnial on the other hand, ha^ been very pro¬ 
foundly modi fi cd. dcvdopmenl and modi ficadon of the bronchial sys t«n and the 

auppresskii of segment ow'ing to the elaborate changes which occur in the region of 
the head hove been largely responsible for this cnodificarion. [n the bnun, cor¬ 
responding ventral and doraal nen es i^ffveF fuse, although BdjnifiinR ventral or dorsal 
nervoi may and EcmalSy do unite. Owing to the complete diaappeinmct: of certain 
myotomes the corfcspondifsg x^entrEl nerves become compictety aupprvs^. Further, 
The dorval nerve*, originally sensory nerve* supplying chicfiy the skin of the head and 
I he mucous membmne of the mouth and pharynx acquire motor fibres which they 
distribule to the muaculatuie arising in the bmnehial region (p. n^v Wi^ the 
growth and modificauon of the brain and the consequent dabomtion of the head 
regidin, the cutaneous areas of the he^ are tnmifencd from one nerve to its neigh¬ 
bour, ao that the functions of the mdividual dorsal nen^ea become altered 

'Fhe inairporarion of amne of the prcceTvfcal segments in the head leads to the 
fusion of the corresponding ventral nerves, md the hypoglossal nerve so formed 
becomes added to the cranial nerves. 


TiIK STRUCTVtU! OF tHE PeHIPIIERAL NeuvES AND GaNCUA 

The cerebrospmal nerve* consist of numerous nerve-fibres coltcctcd into 
bundles, which are enclosed in mcnibrianoia sheaths {fig. ; a small bundle of 
fibres Is caltcd a funicutut. Each funiculus is siimiunded bv a sheath named the 
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FlO. Ki^ri thr&ugh d outtibcr of fonkuU of t human tiEm, 

Stdtncil inth haemAip^liti unci co&Jn. (Dnifwn fnam a preparaiion iindly 
lent lo the Hdiion by Ur. E. E. Howcr,) powdr wew. 





Epin^num 


PiriHeMrium 
r(mnd A f^nieuh* 


—^Miny af iJii' nErT*--JQi1a<M dn cut wUi Vftfytiifl of otfiquity lifid n±iEr¥dy 

ftw uq E^t tTwaamt^y. 


pcrii^nutn ; ttiia coEisiBt]^ of 2 fine, smoOLb, tmnEf^ent Riembt^nc, made up of 
connective tissue which ha& a Inmelldj airangcment ; the shcsitJi may be eastiv 
separated, in ihe form of a tube, from the Ebnes it encloses. The ncn'C-fibres ate 
ctLshcathed, bcld together and supported Midiln the funiculus by delicate connective 
tissue called tbe mdon^unum (p^ 41 ) ; it is continuous with septa which pass inw^ands 


Fig. g24.—Part of 1 icetion through a humoin ipiaal gBngboa, sEsined wjtb haeirut- 
toxylln and rosin, x € 15:0. 

The cnvElopc which cnekwes the j^ngHon u shown lit the top of ihc fitpire^ 
llie MTnll oi'^i or spherical nwclei in the Imineditte vidutty of ihc gtngtaDn cdb, 
and ofren overEupping tium, tMlefig to the nudcHtcd capm3H+ 
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from iht pcrincwriiun^ and show's a ground substance in which are imbedded fine 
bundles of collagenous fibres rrinning for the most part lon^tiidinally.^ If the 
is small, it may conaist of only a single funiculus ^ but if large+ it consisia of several 
funiculi held together and invested by connective tissue \ iliia LnvesUnent is known 
as the epimuriarn^ 'Die cerebrospinal nen'es consist almost exclusively of medulL 
aicd nerve-fibrea, only a very small proportion of non-medullftted fibres being 
present* 

The blood-vessels, supplying a nerve^ end in a minute plexus of capillaries which 
pierce the perineurium, and run* for the most pait^ parallel the fibres ; they 
are connected together by shorty transverse vessels^ forming narrow* oblong mesheSp 
similar to the capillaiy st'stem of musde. Fine, non-medullatcdp vasomotor aerve- 
fihres accompany these %'esselSp and break up into fine fibrils which form a network 
around them. Mcdtillatcd fibres* termed nmi{ nmoram, run in the cplncurium 
and terminntc id oval or bulbous corpuscles (p^. gao, 921). 

The cerebrospinal nerv^e-fibres pursue an uninterrupted course from centre 
to the periphery* but in separatiug a perve into its component funicuU^ it may be 


Fig. 925.—Typioil nerv^f-celh l A- from m. huiiiEUi>piniil R^jetiofip and B. fimi t 
humnn, sympathelic giinglbii+ C'Utcr d« C«t{Op) 

A- H 



aeeo that bundles of fibres from one funiculus occasionally join, at a very aeutc 
anglcp another funiculus proceeding in the same direction. 

Id their course, nerves subdivide Into branches^ and these frequently oommuiiU 
cate with branchca of neighbouring nerves; sucis communications form what is 
called a nerot-pirjFUS. Sometimes a plexus is formed by the primary branches of the 
trunks of the nerves—as, for example, the cen ical, brachial, lumbar, and sacral 
plexuses—and occasionally by the terminal funiculi, as in the plcxusi^ formed at die 
periphery of the body* In the formation of a plciusp the component nerves dlvidup 
then join» and again subdivide in such a complcK manner that the mdiriduxl 
funiculi become intricately interhiced; so that each branch leaving a plexus may 
contain filaments from all the primary nen't-trunks entering the plcasLus^ In the 
formation also of snuallcr plexuses at the periphery' of the body there is a free inter¬ 
change of funiculi and fibres. In each case,i however* the Indiridual fibres remain 
separate and distinct* 

Through this interchange of fibres, everv^ nene leaving a plexus gains a more 
extensive connexion with the spiniil medulla than if it had proceeded direct 10 its 
dUtrihution without joining other nen es* 

Origins of nervea.—The origin of a nerve is in some eases angle—that is to 
sav. *he whole nerve cmergra from the central nervous syistcm by a single root; in 
other instances the nerve arises by two or more roots. The point where the nervo 
root or rcwis emerge from the surface of the central nervoui system is named the 
supfrfiai^i but the fibres of the ncf\^e can be traced to groiips of nerve-celb 

in the grey matter : these ccll-gfoups coiiEtitute the dtep ori^n of the ricnx. The 
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centrtfiigalf or cfftTent, nen't-fibncs are of ncrve-celb ^iruaied in ths grev 

matter of ihc central nervous sysi™. The centripetal, or afferent, 
spring from nerve-cells in the organs of special sense {c.g. tfic retina) or from nen'e- 
cells m the ganglia. Having entered the central nervous system tJiey branch and 
send their ultimate tviigs to terminate in as£CK:iation with nerv'e-cells Vhcrc. 

Feripberal terminations of nerves.—The terminations of the sensory nerves 
are dealt with on pp. 920-921, and those of motor nerves on pp. 925-927. 

Ganglia are aggregatioas of ncrve-cells found on some penphend nerves* 
They aK prKnt on the posterior roots of the spinal nerves ; on the sensory roots 
of the trigcminah fadal glossoplioryngeat, and vagus nen’es and on the siato-acoustk 
(auditory^) nerves. 'Fhey arc ako found in connexion with the autonomic nerves, 
'fhey vary considerably in form and size, Each ganglion i$ invested by a smootlt, 
firm, niembrmous envelope, consisting of fibrn-arcolar tissue; this envelope is 
contiiuious with the perineurium of the nerves* and sends numerous processes into 
the interior of the ganglicmr 

Ganglia consist of nerve-eella and nenT-fibres, In the spinal ganglia the cells 
are large, uni-polar, and occur in groups round the periphery ; in the sympathetic 
gaiaglia they arc multipolar and are scattered mote or less uniformly* Each nerve- 
celt has a nucleated capsule which is continuoiia with the neurolcmtna of the nen^e- 
fibre connected with the cell. I’he typical larger ncrvc^cclls in the ganglia of the 
spinal nerves (fig. 924) ate irregularly spherical in shape, and each gives off a single 
fibre which runs towards the centre of the ganglion, and divides in a T-shaped 
manner; onclimh of the cross-bar enters thespinal medulla, theotherpasscs outwards 
to the periphery, Near its orig^ the stem of the axon is coiled on itself^ forcuing a 
ghmmtiii, ^ As it straightcDs out it acquires a medullary sheath, and it usually 
divides at iis first node of Ranvier* The ty^caJ smaller cella, which are very 
rtumcpous, give off fine unmedullated fibres, jlicsc axons do not form such com- 


Ftg. The nerves of the Bcptimi of the nose. Right lide. 
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pUcated glomeruli and they may be jjrscticalty straight. The presence of pli-xuscs 
of finely medulLited or unmcduUaied fibres around the ecIt-bodiH hu been described 
by Dogiel. who regards th^ as being syrnpathetic in origin. The same authority 
has described several additi'onsJ varieties of cells in the spinal ganglia. In one type, 
the peripheral division of the axons breaks up within the ganglion into sensory nerve- 
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ending)S \ ia anoiher, the cell ir muJdpolar and^ while the raedulltted ^on passe* 
erntrsUy into the spinal medulK the dendriteSp which are peculiar m Uiat they may 
be partly medulla ted, break up into sensory endings wilhin the ganglion^ 

Structurally the peripheral dl^Hsion of the axon of an unJpokr ganglion «ll 
rambles an axon in every respect, hut it functiona as a greatly elongated dendrite^ 


THE CRANUL NERVES 

There are tw'dvc pairs of oanial nerves, which are named from before back* 
wards as follows: 

I St* Olfactory. 5th* TrigemLnaL gih. Glossophaiyitgieal. 

and. Optic. 6lh. Abducent, *oth. Vagus, 

jrd. Oculomotor. 7th. Facial. 11th. Accessory. 

4th. Trochlear, Sth. Stalo-acoustk (Auditory). lath* Hypoglossal. 

ITiesc nervs are attaclted to the braLn, and are transmitted tbrnugh op^ings in 
the base of the cranium. The motor, or efferent, cranial nerves arise within the 
brain from groups of nei^'e-ceEs which constitute their nucla o/ They are 

brought into retationahlp with the cerebral ooitex by the gemoilate hbrea of the 





Fig. 1317.—A plin of the elfnetoiy nctifDneB, 
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interna] capsule; these fibres anse from the celts of the motor area of the cortex, 
descend in the genicular part of die internal capsule to the bnun stem, cross the 
median plane and end by arborising round the cells of the nuclei of origin of the 
motor cranial nerves^ The sensory, or nifcreiit+ cranial nerves arise ffom nerv'e- 
cells outside the brain * tliese ncrve-cella may be grouped to form pitgHa on the 
trunks of the nen'ts, or may be situated in peripheral sensory organs such as the 
nosct eye and ot. The centrally directed praccasea of the ceUa run into the brain 
and there end by arborising around nerve-cclls which are grouped to fomi the tm€tn 
ef tfrminaiwn of the ordinary senaon^ nerves. Fibres arisae from the cells of these 
nudd and, after crossing to the opposite sidcp join the lemnisdi and thus connect 
the nuclei indirectly with the cerebral cortex. 

The fibres of most of the cranial nerv-es begin to acquire their myelin sheaths 
about the fourteenth week of intratitcHne tifc. The process is delay-ed until the 
twenty-second week in the cases of the Acnsury part of the trigeminal none and the 
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cocUi^ djA’ision of the siato-Acou^tic nerve* 1 n the case of the optic ner^^e tnyciitid- 
tion does not commence midi ahardy before birth, and it is not completed until the 
flccond weelc after birth.* 


Tire Olfactory Xefiv^ (fig, 926) 

The olfactory' nerves, or nen^es of sinell, are distributed to the mucous mem- 
bnme of the olfactory region of the nasal caint}'; this region oomprises the superior 
nasal concha, and the opposed part of the nasal septum. The oerve-fibrts originate 
from the central, or deep, procmes of the olfactory eelta (fig. 937) of the nasal 
mucous fnembranc, end are collected into bundles which cross one another in 
x'Ariouj directions, and thus give rise to the appearance of a pletiform netivo rh in the 
mucous membiraTie. They arc then collected into about twenty branches^ which 
pierce llie cribnfonn plate of the ethmoid bone in lateral and medial groups, and 
end in the glomeruli of the olfactory^ bulb 917). Each branch receives tubular 
sheaths from the dun mater and pia-arachnoid, the former being continued into 
the periosteum of the nose, the latter into the neurolemma of the nerve- The 
subarachnoid space^ therefore, communicates with the perineural space? in the 
olfactory neivcs and in this way a chaitoel eKists for the spread of nasal infection 
to the mcnin^.f 

The olfactory nen’es are non-meduUated, and consist of a^isHzyiindets sur¬ 
rounded by nucleated sheaths, in which, how'ever, there are fewer nuclei than iu 
the sheaths of ordinary non-meduEated netve-fibres* 


Fjo. 918.—-'rhe left eycbfllt qini optic nerve, and the optie chi^TTui *nd 

fiofn bcliow. 
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The olfactory nen'cs arc unique iu that their celU of origin develop in the ecto* 
derm and retain ihis portVibfl thr&ughoul Hfe in alt /mnr* 

Closely associated w'ith the olfactory nerves Is s pair of small nerves niuTLed the 
nrrvi terminaUe^ 

• M, F. Lueu Keene and E, E. Heww, J. AmL^ 66* tgij, 

t W, K, he Qm CtaritH Repertt on PubUc and Medical Suhjeeta^ No, 54, 

Ministry of Health. H.M. Stationer)* Oflice, 
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ITicse nerves were first seen in the lower vertebrties, but ^if presence 
demonstrated m the human crobiyo aiwl adtilt. ^Hicy coiMiat chieJiy of non^medullatM 
nenx-ftbte*. end on them tbew are sowU Bnoupfi of bipolar ^ multipolar netve-ceU*. 
EaeJi nerve runs along the medial side of ^ corrcsixinding olfsctopf tract, and itt 
branches ttatose the cribrifonn plate of the etbmojd bone, and are dismbuted to the 
nasal mucous membtnne. Centrally the nerve is tMnnrcied to the brain cloae to 
antcrinr pcrfornicd aubatance; in some llnblHBll^ ils fibre* nBVe; been traced to the 


Fio. 9?9,—A Acheme ibawioB the cormenofti of the optic nervea Hud optic tracia. 
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IflininB terminalis : in othcra to the hypothalamic region. !t$ function b unknown ; 
some ire inclined m view It as a forward cKtenaion of the ccphiJic part of the aym- 
pathetic iiervfliis syatem which b dbtribuied to the blood-vwcis and glanda of the 
nasil cavity* 

The central cnnnexbiw of the olfactory bulb arc described on pp. 1051-1035. 

^ppfr^ —In severe injuriea to the head LnvDlving the anterior ctaniaL 

feua the olfscloty bulb may become separated from the ohactory nerves, or the nerve* 
may be tom. thus producing kis# of ameU {aumnml 

Anoatnia sometimes oecura after acute mfectiona of the nose. 
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The Optic Nehvk (Hg* 919) 

The optic nerve, or nerve of ia diatribuicd to the eyebdU. Nearly all its 
(ibres art sOererLt and originate in the ncrvc'Cclk of the ganglionic layer of the 
retina (p. 1245), but a few are efferent, their source of origin being uncemiHi 
DevebpmcntaUy, the optic nen-^ea and the retina are parts of the brain (p. 135), and 
their fihrei are devoid of neurol^mtna sheaths^. 

The fibres of the optic ncr\'e form the innermost layer (siratym opdeum) of the 
retina and arc the axons of the celb in its ganglionic layer ; they converge on the 
optic disc, and there pierce the outer layers of the rctLnap the choroid coat, and 
the lamina cribroM of the sclera at the posierior part of the eyeball, about 3 or 
4 mm, to the naiLul side of its centra. As the iien'c-libfiM traverse the lamina 
cribrosa they receive their mcdnllary sheaths, and run in bundles which are collected 
to form the optic nen'e* 

I'hc optic nerve, About 4 cm, Jong, is directed bachwarda and medially through 
the posterior part of the orbital cavit\'. It then mns through the optic Ciinal into 
the cranial cavity and joins the optic chiasma, 

'I'hc intra-orbital part of the nerve b about 15 mtii. long and has a Rlightly 
sinuous cour^, the length of the nen'e being about 6 ram. more than the distance 
betivecn the optic canid and the eyebalL Posteriorly it is closely surrounded by 
the reed muscles, but anteriorly is separated from thein by a quantity of fat, m 
which run the ciliary vessels and nen-es. The ciliary gaDglion lies between the 
nerve and the raetua lateralis muscle. The inferoracdia! surface of the nerv^e h 
pierced, at a distance of about 12 ram. behind the eyeball, by tlic central artery and 
vein of the retina, which are then directed fonvards in the centre of the nerve to the 
optic disc. In the opric canal the nerve lies above and medial to the ophthalrnSc 
artcryt and b separated medidly from die sphenoidal and posterior ethmoi^l sinuses 
by a thin lamina of bone; in front of the canal the nasociliary nerv^e and the 
ophthalmic artery run fonvards and raedEoliy, crossing above the optic nerve^ whilst 
the branch to the medial rectus muscle from the inferior division of the oculomoTor 
nerve passes helow it. 

The intracranial part of the optic nerve, about 10 mm* long^ runs backwards 
and medially from the optic canal to the optic chiasma. The posterior parts of 
the olfactory tract and gyrus rectus, and, near the chiosma. The anterior cerebral 
artery lie above it. The internal carotid artery la on its lateral side. 

The optic nerve is tnclooed in three sheaths, which are continuous with the 
membranes of the brain {fig. 1021)1 and are prolonged as far as the back of the 
eyeball. The oy/er derived from the dura mater, is thick and fibrous, anti 

blends anteriorly with the sclera. Tlie ifttn^fdiate shenih^ derived from the 
arachnoid mater, is thin and delicate. It ia separated from the outer sheath by 
the subdural spacc^ and from the inner sheath by tbe subarachnoid space. The 
fffner j/rea/A, derived from the pia niatet, is vascular and closely invests the nerve^ 
From its deep surface septa pass into the nerve and subdivide ami reunite to enclose 
what appear, in transverse sections of the nervex as polygona] areas, W'htch are 
occupied by the bundlei^ of nen^-fibreft. From the inner sheath also, an investment 
E3 carried on the central vessels of the rclina 03 far as the optic disc. 

Close to the eyeball the macular fibres occupy the lateral pan of the nen^e, but| 
as* they are traced backwards, they gradually come to lie centrally. 

The opitc nen'e consists of rather more than a million finely medullatcd fibres, 
nf these about one-half are 7-10/^ in diameter, and the other about 2-3^^^ *Fhe 
larger fibres have an average conduction rate of 60 mps. and the smaller ahoui 
25 lupa. The former are destined for the lateral geniculate body w here they are 
relayed to the striate cortex, while the iaticr pass to the superior colliculi (corpora 
quadrigeminal arc concerned with optical reflexes Cp. 1256). 

The optic chiosma (p* 1015)^ and tlicopfic tract {p, liave already been 

described. 

Jipplirii Amttfjrny ,—^Thc optic nerv'e ib peculiHrly liable to become the scat of 
neuritis or undergo alrophy in affecdons of ihc eentroJ neryouB syit^, sod os a rule 
the pathoiogical rclntionahip between ihe tw'o affectfons i$ cxccedinnly difficult to 
tracCr There arci however, certain points in connexion with the anatomy of this nerve 
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vi'hich tend ta tlinm- Liglie tiputi the frequent pf m affections with intro- 

ermnijj d\iKm^. (i) Vmm its inodc pf development, and from its slrueiure, the optic 
nen'e muit be reg^trdeii as u pmloi^tation of the hroln-suWtanWr rather than as an 
orthitan,' craniaT nerve, (3) Tl reccis'ex shcatha from the three ecrcbrol tticmhMica^ and 
these sheaths are ^panitjed fitmi each other by spaces which cotnmLtnicate with the 
subdural and subarachnoid apjicH respectively, Cnnermosl sheath sends a process 
uround the arteria ceotrolis nrtiiwc into the interior of the nerve, and enters intimately 
into its structure. Thus inflammatory affections of the meninges or of the bmini may 
readily extend atcing tht'se spaces, or along the intersuTiaL connecrivc tissue in the 
nen^c. 

The optic ncuritia Or papillcedcma C choked Jisi: that ta i^fien seen in caics of 
intrncfEDial new gmiK'th witls tnereased introcronial tension is probably eaiigcct by 
increased pressure in the sheath of the optic nerver due to excess of fluid in the general 
subBrachnoid space with which this ahcath h in direct commuj'Licaiion. 1 f, as is the case, 
for example, in the intcmil hydrocephalus seen as a complication of cerebtoaplnal 
fever, there is no iHErrea^ In the amount of fluid in tiic subarachnoid space, then there 
will be no ppTie neuritia although the intraemnial tension may rise until it briny^ itbout 
the pabienL'i deaths 


Tat OCULOMOTDH XEktT (figS, 938 to ^^3) 

The ocuiomoior nerve supplies all die ocular muscles, except the obbquus 
superior and rectus latcnLlis ; it also supplies, through its connexion with ilic ciliary 
ganglion, the sphincter pupilkr and the ediarts mu^ca. 

The fibres of the oculomotor ncit’c arise from a nticleua which lies tn the grey 
matter of the upper part of the floor of the aqueduct of the mid-brain and extends 
in front of the aqueduct for a short distance into the Rosjr of the third ventricle^ 
occupying the position of the Eomadc efferent oolumn 132), From this 
nucleus the fibres pa^ forwar^ through the tegmentimi, the red nucleus and 
the medial part of the substantb ntgra, forming a series of curves with a latera] 
convexityv and emerge from the sulcus on the medial side of the cerebral peduncle 
ffig, qzS), 

The iiuclcuB of the oculomotor nerve does noc constm of a continuous column of 
cells, but b bmken up into n number of smaNer nuclei : (i) the doisilutcral nucleus T 
(a) the ventrimedkl nucleus; {3) the central nucleus; (4) the Edlnger-Wutphal 
nuci™ ; (j) the caudal ccnlrel nucleus, Tlic doi^latcral nucleus extends further in a 
headward direction limn the ventrimedial nucleus, but does not extend so far cnudally. 
The control nucleus is continuous across the medinn plane with the corresponding 
tiuclcus of the opposite side. These three nuclei all contain hirEe multipolar nerve- 
cells, and it is believed that they supply all the striped muscle innervated by the oculo¬ 
motor nerve, Tlie evidence at present available is not conducive, but it suggests that 

dorsiklcrol nucleus is concerned with upward movementa (superior rectus and 
inferior oblique musdesi), the vcnirimcdisi nucleLis, vvhkh is in direct line with the 
nucleus of the troi^lear nerve, with dnjwnwiird movements (inferior rectus) and the 
cencni! nucleus with movemenx* of convergence {mcdiHi rectus). The Kdinger- 
Wcstphal nuckui h plaeed more doreslly in the central grey m-jttcr of the mid-broin 
and extends further in a headward direction ihan the other nucLet. It is grnemlly 
regarded an the nucleus of origin of the fibres which Innervate the Sphincter pupills 
and ciliary muacles. From both The right and the kft nucleus thcie fibres pass to each 
dculomolor nerve * The caudul eentnU nuelcuB, wliidi Like the Edinget-Weatphal 
nucleus cemTains imalh STrilnre ncrvcHMlk, lies in line with it and is probably similBr 
in function-t 

Recent evidence throws further doubt tin the rfik of the cemmi nucleus as a 
medijitor of movements of convergence^ 

[t hM 3 . been suggested } that proprioeeprivc fibres from the orbital njuacles travel 
in the oculomotor nerve to tcrmimLie in groups of nerve (.xjfla which are indmjitelv 
related to the mrutor nudE;i. ^ 

C'c*niM;rroo/.—The Oculomotor nucleus receives fibres from; (i) the pyramidal 
traci of ihc opposite side ; (i) tlie mediil longitudinal bundle, by tibich it is 
connected to the nudci of fourth, slxtli and eighth cranial nen cs (p. Wd); and 
(3) the tertobulbar tract, by which it is cornecigd to the visual cortex throuelj 

the medium of the superior colliculus, * 

* R, L. Crouch, Comp, AVafr, 11^36, 

I W. E, he Ore* Clark, J, &o, iga$, 

i K. B. Corbin >nJ F, Harrison, J. Comp. Snirot., 73, iq,o, 
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Eic. —A tcht-noti of the I'urtou* 
grpups of ccUa ^hJeh idgcElief OOtl- 
stitutc the nucleus of the ocuJonlDtor 
nen'e, (After Lc Clark.) 



Course .—On emerging from the Ijraiii^ the nerve Ls invested ivitJi a sheath of pm 
mater, and lies in the subarachnoid space. It passes between the su^rinr 
ccrcbellir ajid posterior cerebral arteries ffig, ^67)^ and mns forward in the inter- 
pcdimeular cEstema on the lateral side 
of the posterior communicating artery, 
it then perforates the arachnoid mater and 
Ilea in the tiianguhir interval between tlie 
free and attached borders of the tentorium 
cercbelli. Piercing the inner layer of the 
dura mater on the lateral side of the post¬ 
erior clbioid process the ncn-^c traverses, the 
lateral w'all of the cavernous sinus, where 
it lies above the trochlear nci^c. In this 
situation it receives one or tw^o Blaments 
from the mtemal carotid plexus of the 
svTapatheticp and communicates “ivith the 
ophthalmic division of the trigeminal.* It 
then divides into a superior and an inferior 
ramus, w'hich enter the orbit through the 
superior orbital |issurc± ivithin the annulus 
tendineus which elves origin ta the recti 
muscles; here me nasociliary nerve h 
placed between the two rami. 

The superior rsmus^ the smaller, ascends 
on the lateral side of the optic nerve* and 
supplies die rectus superior and levator 
palpebrtc superioris. The rnfmor rnmuf 
divides into three branches ffig. 951). One 
passes below the optic nerve to the rectus 
medialis; another goes to the rectus infedor ^ 
the third and longest mna forwards between 
the rectus inferior and rectus lateralis, to 
the obliquus inferior. From the nerve to 
the ohliquus inferior a short diick branch 
is given to the lawyer part of the ciliary 
ganglion, and forms its motor or parasympnfhetic root. The branches enter 
the muscles on their ocular surfaces, with the exception of that to the obliquus 
inferior^ which enters the posterior border of the muscle. 

The ciliary gauglion (figs+ 9j t+ 93^ aJid 934) is a small, flattened ganglion of a 
reddish-grey colour and shout the size of a pin's head ; it is situated near the apex 
of the orbit in some loose fat bet^veen the optic nerve and the recttis lateraiia muscltj 
lying usually on the lateral side of the ophthidmic artery. It is a peripheral ganglion 
of the parasympathetic sj-stem and its constituent cells arc multipolar. 

Its conitexwHS or ffig* 933) are three in number and enter or leave it 
posteriorly. The motor or parasympathetic root is derived from the nerv^e to the 
inferior oblique muscle and consists of piwanglionic fibres which arise from 
the cells of the Edingcr-Wcstphal nucleus (fig, 929). These fibres ate relayed 
in the ganglion and the postganglionic fibres travel in the short ciliary nen'Ci 
to supply the sphincter pupilisc and citiaris muscles. 'I'hc sympathetic rocft is a 
branch from the internal carotid plexus* It may pass direct to the ganglion or it 
may join the seiisoi^^ nwt and reach the ganglion mdireeily. It consists of post¬ 
ganglionic fibres which take origin in the superior cervical ganglion and traverse 
the ciliary ganglion, without being interrupted, to emerge in the short ciliary 
nerves. They are distributed to the blood-vessels of the eyeball and occasionally 
they may include the fibres w hich supply the dilatator pupilkr muscle w^hen these 
fibres do not follow their usual course in the ophthalmic, nasociliaiy^ and long 
ciliary nerves (p. i iQ|). The sensory root is formed by a ramus commumcans to the 
nasociliary nerve. It conmins sensory' fibres from the cyebalh W'hicb reach the 
ganglion in the short ciliary nerves and pass through it w iiliout being intemiptecL 

• Deubt hm tMJtn throwTi cm the ehurdccer of the conimiifijcaiionft bctwixn the third, 
fourth and iaih cituiliil with the intcrriAl raiolcd plexiu and the aphthnlmk nerv« 

in the caveTnoua Biriiia. lice 5 . fiuiuterljind and E. S* R. Hutfhei. Btaim, 69, 1946. 
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It leaves the gangiton posteriQrly and njfis backT^'ardfl to jom the nasocdliAfy ner^T 
near the point where that nerve enters the orbit. 

Thebirait^Ji^ of the ganglion arc delicate filamentB^ eight to ten in number, wltich 


FjC» 53 n—A plilll of ihc ocuJoniotor ncr^e. 
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arise from the front of the gai^tion in two bundirs, of which the lower is the larger* 
They are termed the tAorf cih'ary nerves. In company with the ciliary arteries they 
run forwards in a wavy course^ one set above the optic nerve* the otKer below, and 



Fm. -533.— A diaarain ■bowing ihr GpiKiion* with its roois 

and branches of diitributiaEk. 


/W^VFnipieii^ fibtM. I/wy Mieh«*ptfi]VMyn¥ptlhrtk nbva, tUm- 
V|4iul^ fibw. 

AhBftvfirw ptAbwiTY an prvr for ilw Brnmuhedc $brw^ tp ih* ddatvtpr iModlw rnuuk. 
\ tdviMtk w«^i I* iiwwa ed ib« umw himl quadim Df Hh but 




are related to the loiig ciliary nefvea. They subdivide into about fUteen or twenty 
branches which pierce the sclera around tJic entrance of the optie nerve and pass 
forwards in delicate pmves on the inner surface of the sclera. They conuin both 
motor and sensory fibres j the former are distributed to the sphincter pupUIa and 














THE TROCHLEAR NERVE 1099 

ciiiam muscle and in ilic blood-vcsdb of ihe eycbALL ; the latler supply the cornea, 
iris and choroid, 

Appti&f Parfllysi# of the ocviloniotor nerve kads^ when compktOp to 

(i) ptnsij, or drooping of the upper eyelid^, on account of paralysis of the kvelor 
palpebw fluperiork l (a) lateral atnibjmiuip on account of the unopposed action 
of the rectum latcfaUa and obliquu^ supeTior^ which are not supplied by the oculo¬ 
motor nerve and are therefore ftot paralysed : (3) ilikution of the pupil, because the 
sphincter pupilke is paral^-sed ; [4) 1 <^m of power of aecomm^adon and of con¬ 
traction on exposure to light, as the sphincter pupillx And the dliaris arc paralysed ; 
(3) slight prooiinenoe of the eyeball, owning to most of its muscles being relsfed and 


Flo, 9jj.—Tlie ner^^ of the right orbit, viewed fTom above. 
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(6) d iplopia, or double vision, the false image being highe r than the true. Occasionally 
paralysis may atfect only ■ part of the nerve —(m cicample, there may be a dikted 
and J^cd pupil, with ptosis, but no other signs. Irritation of the nen'e causes spasm 
of one or other of the musdea supplied by it * thus, there may be irpliMj strabiamua 
from spasm of the rectus medialis; ftCCommodaticMi for ^nr ob^cts onlyfrom 
spe^ of the ciUsns^ or a conimcted pupil owing to irntfliiDn of the sphincter 
pupilljie. 

The oculomotor nerve is particularly liabie to become mvolved tn s syphiUrie peri¬ 
arteritis, as it passes between ihe postenor cerebral and superior ecrebettar arteries at 
the base of the brain. 


Tw TnocHLEan N£»ve (figs, 933. 943) 

The trochlear nerve, the most slcodcr of the cranial nerves, supplies the superior 
oblique muscle of the eycbalh 

It arises from a nucleus situated in the floor of the ccrebraJ at[uediict, opposite 
the upper pari of tJic inferior colliculus. Thk nudeus jits in line with the ventri- 
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medial pari of llie oculomotor nucleus, and occupies ih^ position of the somatic 
efferent column. It bearB an intimaic relationship m the medial JongitudinaL bundle, 
which lies on its ventral aspect. 

Connrxwni, —The nucleus of the trochlear nerve receives fibres from : [i) the 
pyramidal tract of the opposite side ; (z) the medial longitudinal bundle, by which 
it b connceied with the nuclei of the eighth cranial nerve (p. 994): and (3) 
from tJie tectobulbar tract, throngb which it receives Impulses from the visual cortex 
through the medtum of the superior colliculus (p. 994}* 

Cowrie.—After leaving the nucleus the fibres of the trochlear ncn'C puTHue a very 
unusual course' fp^ 991)» They first run liownwsrdii and laterally through the 
tegmentum and then turn backwards round the central grey matter into the upper 
part of the superior medullary velum. Here they decussate with ihe correspond¬ 
ing fibres of the opposite side, and, having crossed the Tticdian plane, emerge 
from the surface of the velum at the side of the frenulum velij immediately below 
the infenor colliculus {%. 1^59). 

The ner^'c is directed laterally across the superior cerebellar peduncle, and then 
winda forwards round the cerebral peduncle immediately abov^ the pons* and be¬ 
tween the posterior cerebral and superior cerebellar arteni^. It appears between the 
border of the pons and the temporal lobe, and pLcrccs the inner layer of the dura 
mater immediately below the free border of the tentorium cerebelli, a little behind tlic 
posterior cli noid process. It then passes forwards in the lateral wall of the cavemoi^ 
sinus, below the oculomotor nerve and above the ophthalmic division of the tri¬ 
geminal nerve* Near die front of the sinus it citisses the oculomotor nerv'e, and 
enters die orbit through die superior orbital fissure, above the ocular muscles, and 
medial to the frontal nerve. In the orbit it passes medially, ab<i\^ the origin of the 
kiator palptbra? superiods, and linally enters the orbital surface of the obliqtius 
superior- 

In die lateral wall of the cavernous sinus die trochlear nerve communicates with 
the ophthalmic division of the trigeminal nerve, and with tlie internal carotid plexus 
of the sympathetic** In ihe superior orbital fissure it occasionally gives off a branch 
to the lacrimal nerve, 

.dwattjwo'.—Wlwn ilie trochlear nerve is paralysed there h toss of funenon 
10 the obliquus tuperiorp so that the patient b unabjp 10 mm hii eye downwards »nd 
laterally, Should the patient to do this, the eye of the affected side is rotated 

medially, produchiig diplopia or double vision. Single vision exists in the whole of 
the field so long as the eyes look above ti'te horizonral pLane^ diplopia occurs on lookhig 
downwaidsr To counteract this the patient holds his head forw'ards, and also inclines 
it to the sound side. 


Tuz Thigk^ttnal Nesve 

The trigumiiml nerve it the largest cnuiial nerve. It is the sensory nerve of 
die face, the greater part of the scalp* the teeth, the mouth and the nasal cavity^ and 
the motor nerve of tlie muscle of mastication. It divides into three branches, viz. 
tltc ophthalmic^ the rnaxiUaryi and the mandibular* 

It is attached to die anterior, or ventrah surface of die pons, nisir its upper border, 
by a large aensoryp and a small motor, root—the btter being placed medial and 
anterior to the former. 

TTie fibres of the fnufiry roai arise from the cells of the irigemmai gi^nglion. This 
ganglion 933^ §35) ii recess (coruiii mgeminale) in the dura mater 

covering the trigeminal impression near the apex of the petrous part of the temporal 
bone (p. loSi)* It lies at a dqjlh of 4*5-5 cm. from the lateral aspect of the head, a 
Eittle in front of the pre-auricular point. The ganglbn ia crescentic in shape, with 
its convexity directed forwards and ktcreljy; ita surface IS obscured bv a nuinber 
of interlacing nerve-Ebres. Medially it is in relation with the internal csroiid 
areery and the posterior pan of the cavernous sinus; inferiorly^ w^ith the motor 
root of the nerve, the gieatef (eitpcrfidal) peirosaJ aene, the jipcit of the petrous part 
of ihc ictnporal bone, and (he forjiiicii lawnfm. It receives fihunem* ftom 
il>c internal evodd plexus of the sympHithctie, and gives tmgs to the icntoHum 
cerebelli. 


&ec footnote p. 1097. 
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The wions i>f the cells af the trigeminiaJ i^ngltoii diviiJe Ijito peripheral and 
central branches. Tl^e former are grouped to form the opttlhulmlc and 
ner\^cs, and the sensory part of the miitiditular oerve. The central bmnehes constii- 
IIte the fibres of the sensory root of the nerve^ which leaves the concave margin of 
the ganglion, runs backward and mediaHy below the superior petrosal sinus anti the 
tentorium ocmbclli, and enters the pons. The manner in whit^ these fibres behave 
on entering the pons has been described on p. QfiS. 

In addition to the Superior sensory nucleus and the Nucleus of the spinal 
tract of the ingemlnal nerve, which have already been described in detail (p. 
966 )h a third sensory ntideusT tenned the Mesencephalic nucleus, is assi>ciat^ 
with the sensory rtwt of the nerve, lliis nucleus consists of a strand of celli 
occupying nearlv the whole length of the Uteral portion of the central grey matter 
of the mid-brain. It was originally regarded as an additional motor nucleuSp but, on 
the grounds of itn histologtcil characters and its developmental position in the alar 
Uniina, J. B. Johnston claimed it as a senson^ nucleus. The view of KapperSp that 
it receives proprioceptive fibres from the muscles of mastication (p. 991), is now 
vvidely accepted^ and there is swunc ground for believing that it bears a similar relation 
to the muscles of the orbit.* ii apparently constitutes a nucleus of origin, as the 
fibres of the mcscnccpbiJie rout of the trigeminal nerve^ which runs upwards on its 
lateral side, pass through the trigeminal ganglion without interruptioii. 

Coiiflejnro/Tj.—The new fibres which arise in these senson^ nuclei cross the median 
plane and ascend to the lateral nudeus of the thjilamus in the trigeminal lemnbcus. 
From the thalonius they fire ixlayed to the cortex of the postcentral gyms 
fp. 1034). 

The motor nucieus of the trlgembijl nerve (p. 967) lies in tlie upper part of the 
pc>ns» dose to its dop^ surface^ and dong the lateral margin of the floor of the founh 
ventricle* It is further from the median plane than the nuclei of the oetilomotor and 
trochlear nen'ea, and it occupies the position of the branchial (special viscerd) 
efferent column (fig. 836). it receives fibres from the pyramidal tract of the 
opposite side, and its outgoing fibres form the motor root. 


The Of irrUAUtic Nehve (figs. 933, 934) 

The ophthalmic nerve, the first division of the trigeminal ner^'e, is a sensor^' 
nerve. It supplies branches to the eyeball, the laerinuil gland and the conjunctiva, 
to a pare of the mucous membrane of the nasal cavity, and to the $k[n of the noscp 
eyelids, forehead and scalp, tt is the smallest divieron. of the trigeminal ncm:, and 
irises from the anteromedial part of the trigeminal ganglion as a flattened hand, 
about 1-5 cm. lung, which passes forwards in the cavernous sinim close to its 
lateral wall and below the oculomotor and trochlear nervea; just before entering 
the orbit through the superior orbitfiJ fissure, U divides into three branches, viz. 
lacrimaly frufitai and nmodfiary. 

The ophthalmic nerve is joined by filaments from the internal carotid plexus 
of the s)mipuihctie, and eoinmnnicaics with the oculomotor, trochlear and abducent 
nc!T<^ ; 7 it supplies a recurrent branch (n. tentorii), which crosses and adhere to 
the trochlear nerve^ and is distributed to the tentorium cerebellL 

'rhe lacrimal nerve (fig* 933) is the smallest branch of the opIiEhalmic nerve* 
It sometimes receives a filament from the trochlear nerve, but possibly this filament 
consists of fibres which Iiavt previously passed from the ophthalmic to die trochlear 
nen^Cn The lacrimal nerve enters the orbit through the lateral part of the superior 
orbital fissure, runs along the upper border of the rectus laterals with the Lacrimal 
arterj', and receives a t^vig from the z}^gomatic branch of the maxillary nerve, con¬ 
veying secretomotor fibres for the lacrimal gland. It enters the laerimoJ gland and 
give* olf several filaments to the gland and the conjunctiva. Finally it pierces the 
orbital septum, and ends in the skin of tJte upper eyelid, joining with filaments of 
the facia! nenc. 

The lacrimal nerve is occasionally absent, md its place ri then taken by the zygo- 

* H. M. WoallMrd, J. 65, 103 Sk K, H. Corhin Hfid F. L-lAn-tiion, J* Camp, 

jSW*/ , 7^ 1040. 77, 1542. 

t See footnote ji. 10^7+ 
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fnafii-ftimipjirgt branch of iHt- mixiUjiiy tictTi'ex Sotnctira-ee the latter branch is absent 
and is repl&ccd by a branch of tin; Iflcrimal nerve, l t i ■ 

TJic ftontAl nerve (Bgs. 95j, 934) ia the largest bnmoh of the ophtiialcnic noire^ 
It cntcr!i the orbit through the superior orbital tissure above the muscles^ and runs 
forwards between the Jevator palpcbrai Euf^noris and the periosteum- About 
rnidway between the apex and base of the orbit it divides into a stnuJl supratrochlear 
and a large supm-orbital branch. 

The fupruirochiiar nertt runs medially and forwards, passes abovx die pulley of 
the oblic^uus superior, and givea off 0 descending filament to join the infi^tccchlear 
branch of the nasociliary nerve. "Ibe nerve then emerges from the orbit between 
tile pulley of the obliqutis superior and the supra-orbiiai foramen, curves upwards 
on the fonsbead dose to the bone in company with the supruirochlcar branch of the 
ophthalmic artery, and sends ^laments to the conjunctiva and akin of the upper 
eyelid i it then ascends under cover of the comigator and the frontal belly of the 


Fio. 0J4 —Thp nervBi of ihs right orbit, and shr ^Ihry giiHuJiGn. Lateral 
aspect, Scmf-iliaprralTimaric. 
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occipltofrontails and divides into branches which pierce these muscles and supply 
the skin of the lower pan of the forchrad dose to the median plane- 

*rhc lupra^hitiiJ ntfi^e runa forwards between the levator palpcbrx superioris 
and the roof of the orbit, passes through the supra-orhital notch or focuinen, and 
givea off palpebral filaments to the upper cydid and conjunctiva. It then ascends 
upon the forehead with the supra-orbital artery, mid divides into a smaller medid 
and a larger lateral branch, which supply the ^n of the scalp, reachijig nearly us 
far back as tlic kmbdoid suture- These two branches are at first situated deep to 
the frontal belly of the occipitofrontalis ; the medial branch perforates this muscle, 
the lateral brandi pierces the epicranial aponeurasis. Botli branches supply small 
twdgs to the mucous membrane of the frontal ^niis and to the pcricranium-i 

The nasociliary nerve (figs, 953, 934) h intermediate in size bctiveen the 
frontal and lacrimal nertesp and is mote deeply placed. It enters the orbit through 
the medial part of the superior orbital fissure within ilie annulus tendineuSp which 
gives origin to the recti muscles of the eyrbaU, and htre it is situated between the two 
nimi of the oculomotor nerve. It crosses the optic nerve with the ophthalmic 
aiteryv and runs oblicpjcly below^ the rectus superior and obliquus supenor, to the 
medial waU of the orbital cavity* Here, under the name of the mtrrior ethmoidal 
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nfn7«, it passes through the antenor etbinoidul fdrudien and canal and, entering the 
cavity of the cranium, runs forivards in a ahallow groove on the upper surface 
of the criliriform plate of the ethmoid bone, beneath the dura maters it then 
descends through a slit at the aide of the crista galli into llie nasal cavity, and lies in 
a groove on the inner surface of the nasal bone. It supplies two inttrnti! nmut 
bramfus —a medial to the ntueous membrane of the front part of the uasai upturn, 
and 3 latcnaJ ffl the anterior part of the lateral of the nattal cavity. Finally it 
emerges, as tile fxtmiat ncitai brtmtb, at the lower bonier of the nasal bone, and, 
passing down under cover of the compressor oaris tnuscLc, supplies the sldn of ala. 
thjc upcjt iind tile vestibule of tfie nose. 

*rhc Qasooiliaty nen'^ reixi ves a conwnwnicadng brancli from the ciliary gangUoUp 
and gives off the long ciliary, the infratrochlear and the posterior ethmoidal 

The ramus ^omtnumiam uuth thr cili&ry ^angU&n (p. 1097) neually joins the nnso' 
ciliary nerv'C as the latter enters the orbital cavity. It lies on the Eateral side of die 
optic nerv e, and emerges from the posti^roauperior angle of the cillaiy ganglion 
(tig. q^z) [ it is Bometintes joined by a filament from the Lntcrtial carotid plexus of 
die sympathetic, or from the superior ramus of die ocidomoior nerv^e. 

rtie hn^ ciliary nerves, two or three in number^ are given off from the nasociliary 
nervei as it crosses tbc optic nerv'e. They accompany die short ciliary nerv'cs from 
the ciiiaiy ganglion, pierce the sclera hl'^t the attachment of the optic nerve* imdj 
running forwards between the sclera and the choroidj arc distributed to tbe^ ciliary 
bodv, iris an d cornea. They usually con tai n the ajinpathctie fibres for the dilatator 
pnplllje muscle (p. 1097); these are posiganglionic fibres and have their cells of 
origin in the superior cervical ganglion. 

The mfmtrca-hlear nerve is given olT horn the nasociliary nerve near the anterior 
ethmoidal foramen^ It mna fonvards along the medial wsdl af the orbit ahov'e die 
upper border of the rectus tnedtalisi and is joinedp near the pulley of the nbliquus 
superior., by a filament from the supratmchlear nerv'e. It men escapes from the 
orbit below the pulley of the obliquus superior; it supplies branches to the skin of 
the eyelids and side of die nose above die medial angle of the eye, the conjlinedvap 
lacrimal sac and canjncula lacrinudis. 

The pusSerhr eshmmdtit nerve leaves ihe orbital cavity through the poaienor 
ethmoidal foramen and gives twigs to the ethmoidal and sphenoidal sinuses. This 
ntn c is absent in about thirty^ per cent, of subjects. 


The Maxillahv Nove {figs. 934, 935) 

'riie maxillary nerve, or second division of the trigeminal nerve, is a sensory 
nerve, and is intermediate in position and sisec between the ophthalmic and 
mandibular nerves. It begins at the middle of the trigeminni ganglion as a (lattened 
plcxiform band, andp passing horixontally forvi^rds lalong the loivcr pa rt of the bteral 
wait of the cavernous sinus [Jig. 94i}» leaves the skull through the foremen rotundum, 
where it becomes more cylindrical in form and firmer in texture. It then crossee the 
upper part of the pterygopalatine fossa* inclines laterally on die posterior surface of 
the orbital process of die paladnc bone and on the upper part of die postetinr surTwee 
of the maxilla* and enters the orbit through the inferior orbital fissure* It is now 
named the infi^-orbiial nerve and, having traversed the infra-orbital groove and 
canid in the floor of the orbit, it appears on the fate through the infra-orbital foramen. 
. 4 t its lermination the nco e lies under cover of the levator lahii superioriSp and divides 
into branches which are distributed to the side of die nose, the lower eyclidp the skin 
and mucous membrane of the cheek and upper lip* and join w ith filaments of the 

facial Dcri'C. , , , 

Iti 'I'iew of (he fiiet that the mouth i* generally regarded us representing a pajr of 
fused visceral clefts, the iiUKillary nerve can be described as the pretrcniauc and the 
mandibular nerve as the post-tre raatic branch of the triftcmmal nerve. The maxi I lary 
Dcrve supplies the structures derived frewn the maxillary process^ ^vhich extends 
over some of the structures developed from the median nasal process and its fused 
globular (premaxiiiary) pitKessca (p, i ta). 

The branckft of the maxillary nene may be divided into four groups, according 
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^ they are given off in the craniutnp in the pterygopalatine fossa, in the infra¬ 
orbital canaJ, or on the face. 


In the cranium 

In the ptciygopniadnc fossa 

In the infra-orbital canal 

On the face 


Meningeal. 

{ Ganglionic. 

Zygomatic. 

Poaierior superior alveolar (dental) 

fi^Ttddk aupedor alveolar (dental) 
I Anterior superior alvcniar (dental) 

fPaipebial. 

J Nasal. 

[Labial. 


The meoingeaJ nerve is given off from the mastlUry nerve near die trigeminal 
ganglion \ it accompanies the anterior branch of die middle meningcai artery and 
supplies the dura mater of the middle cranial fossa. 

'Fhc ganglionic brancheSp two in number, connect the maidllary nen e to the 
pterygopalatine (sphenopalatine) ganglion p which Itea immcdiaicly lirloiv it in the 
ptcrygopakiine fossa (%. 935). They contain the secnito-motor fibres for the 
lacnitud gland {vidt and sensory hbres from the orbital periosteum and the 

mucom membrane of the nose, palate and phiirynx (p. i to*). 

The ^gomatic nerve (fig. 935) arises bi die ptery gopalatine fossa, entets the 
orbit by the inferior orbital fbsurep courses along the lateral wall of the orbit, and 
divides into two branches, zygomaticotemporal and ^'gocnadcofacial. 

The sy^amjitkot^mpara! branch nins along the latemi wall of the orbit, sends a 
branch to join tlic Lacrimal nen-e (p. f ioi)p and, passing through a canal in the 
zygomatic banc, enters the temper^ fossa. It ascends bet ween the bone and the 
temparalis muscle, pierce^ the temporal fasda about z cm. abo%'e the zygomatic 
arch, and is distributed to the akin of the temple. It communicates with the facial 
nenx and with the aurieulotempoi^l branch of the mundihular nerve. As it pieree? 
the temporal fasciap it sends a slender twig between the twtj layers of the fascia 
towards the lateral angle of the eye. The communication with the lacrimal nen'c 
conveys parasympathetic postganglionic fibres from the ptcrvgopalatine ganglion 
to the lacrimal giand^ 

Tlie zygQmalicof/td&l hranch passes along the inferolatcrul border of the orbit, 
emerges upon the face through a foramen in the zygomatic bone, and, perforating 
the orbicularis ondj, supplier the skin on the prominence of the cheek, ft forms a 
fine plexus with the zygomatic branches af the facial nerv e and the palpebral branches 
of the maxJJIary nerve* 

'ITic superior alveotar fJcnifll) branches {fig. 935) arise from the mjKillarv 
Btfrve before ft leaves the pterjfecifrJlatine fossa, or 3$ it ties in the infm-orbltaj 
groove cans! they are termed the posterior, the iujOdJe and the superior aiveolar 
(dental) branches. 

Tile posterim superior ^v»Ur (dental) nerve sirisca from the maxiilan' in 
the plerygopalatjue fossa and runs doM-nwards and fonn ards to pierce the infra¬ 
temporal surface of the maxilla (fig. 34a) and descend under the mucous linins of the 
ma-xillart- sinus. After supplying the sinus the ucri'C divides into small branches 
Hhieli linSc up to constitute the molar part of the rupmor dental pltMut and supply 
w igs to the molar teeth. In addition, it supplies a branch to the upper Eum iid 
ihc adjoining part of the cheek. * ® 

The middle su«rior alveolar (denial) nerve arises from the maxilLiw as it 
passes along the infra^fbital groow, and runs don'ntvards and in the 

lateral ual! of the law aimi*. Uke ihc pwinrinr. it terminates in a number of 
small branch® which hnk up with the superior dental plexus, and these rive off 
twigs tojMpply tlic upper pretmdar teeth, This nerve is variable in its belSviour. 
It may be duplicnied or tnplicateu or it may lie absent,* 

Tlw anterior superior alveotar (dental) branch f fie, o,sl ,1.,. 

side of the infra-orbital non e near the midpoint of (he infra.??hita| rand! and mru! 

■ F. Wood Jonei, 73. 1S39: J. * 1 '. Kitaacrald, J. 90. i^jo. 
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in the canal is sinuosus (p* 34:^) in the afiicrinr wail of the maxilkiy sinus. At first 
it curfe-ea beneath the infra-ofbita! Foransefi and passes ndedially towards the nose : 
it then turns downwards and divides into hmnchea which supply the incisor and 
canine teeth. It takes part in the format Eon of the superior dental "plexus, and gives 
off a Amrrr/j^ which passes through a minute eanal in the kteraJ wall of the 
inferior meatus, and supplies the muootis mcmbninc of the anterior part of the 
laieml ivall (as higli as the opening of the maxillary ainus) and ihc floor of the nasal 


Fic. 935,^—The riEbt iryutEllflry md rmndihulsr nersetn. and the suhiiuiidJ buUr 
^gliun. Scmi-disEranimiiic. 
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caivily^ communicating with the nasoi bmnehes from The pTCTy'go palatine ganglion. 
Its terminal branch emeigcs near the mot of the anterior nasal spine and supplies 
the adjoining part of the nasal septuntp 

l*hc paJpebral branches ascend deep to the orbicularis oeulh They soon 
pierce the muscle to supply tlie skin of the lower eyelid, and join with the facial 
and xY^unaticofacial ner^^cs near the laicml angle of the eye. 

The nasal branches supply the skin of the aide of the noae and of the movable 
part nf the na^al septum, and join with the external nas^i branch of the anterior 
ethmoidal nme. 
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'Yh^ labia] brajicheE are larKfe and nuniffxiua ; they descend behind the levator 
bhii su|>eriom^ and supply the ^In of the anterior part of the cheeky the skin of tlic 
upper ]ip» the nmeous membniie of the mogth, and the kbial glands. They are 
joined by branches from the facial ner\'^e, and form with them the hi/ra-orhilal 

The pterygopaiatme {splienopalatme) ganglion (figs. 935^ ^37) is the largest 
of the perjpherjl ganglia of the pamsyTnpallietic system^ It is deeply pkcod in the 
pEerygupalatine fnssap dose to the sphenijpaktine foramen and in front of the 
pter^'goid can at. It is soiricwhat flattened» of a reddish-grey colour^ and is situated 
juit below' the maxillary' nerve as it crosses the fossa. Although it is emnretni 
/unirlhniiiiy k-jV/i the fatia! nervr^ its topographical reladnnB with the tna^iliary' nen e 
and its branche.% are so intimate lliat it may convcnienlly be described at this 
SEage. 

The FTno/or or parujympulh^lic root is formed by the iHm-e of the pterygoid ranal 
(p. j i iS), which enters the ganglion po^terioriy. Iis fibres are bilieved to arise from 
a speeki kcrimatory nuclett$ in the lower part of the pons and they run in the 
sensory^ root of the facial nerve and its greater petrosal bniiich (p. 1118) before 
the latitr unites with the deep petrosal nerve (fig. yi7) to form the nerv'e of 
the pteiygold caiiah Thc^ preganglionic ftbres are relayed in the ganglion und 
the postganglionic fibres follow a complicated course lo gain their dcsti nation. 
l.eo%iiig the ganglion in one of the ganglionic bmneheSp they join the maxillary 
nene and pass info its zygomatic branch. Thence they run in the zygonmtico- 
temporal nen'e and later leave it In the communicating brandi by which it k con* 
nected to the lacrimal acjvv (p. 1104). In this way they reach the kcrimal gland, 
to which they supply secrcto-nioior fibres. In addition^ sccrcto-motor fibres—of 
uncertabi origin—for the palatine, pharyngeal and na^t glands are believed 10 
fofiow^ a similar route to the ganglion, where they are relayed. ThcLr pmtgangEionic 
fibres run in tht palarinc and nasal hnmehes of the ganglion (fig. 937)* 

Tile $ympa/heiic root is also incorporated in the nerve of the pterygoid canal. 
Its fibres, which are postganglionic, arise in the superior cervicnJ ganglion and travel 
in the internal carotid plexua and the deep petrosal nerve. 

Tlie hrandiei which appi^r to arise from the ptery gopaJatinc ganglion (fig. 936) 
ftrct for the most part, derived fmm the ma.xillary nerve through its pnglionJc 
branches, and, though Lntimaicly related to the gauglionp do not fstM'sh any 
tynaptic emairxwns icitk iii celh. They inchi<lc orbi^, paktinc, nasal and pharvn- 
gcid branches. 

Tlie ortiiul brancJfci are tw o or three delicate filsments which enter the orbit by 
the inferior orbital fissure, and are distributed to the pertosttum and the orbitnlis 
mu^c : some twig* pass through the poaterior ethmoidal foramen to the sphenoidal 
and ethmoidal sinuses. The fibres which supply the orbitalis muadc are directly 
oontinuouB with the fibres of the sympathetic root of the ganglion. 

The p^Iafinr flmw (fig. 93*) are distributed to the roof of the mouth, the soft 
palate, the tonsd, anti the lining membrane of the nasal cavitv. 

The paliitme nerve descends through ilie greater paktinc eanuJ, enrerges 

upon the hard palate thmugh the greater palatine foramen, and runs forward* in 1 
groove an the infcjiDr surface of die bony polatc, nearly as far as the inckor teeth, 
it supplies the gums, and the muooua mtttibnme and glands of the hard palate, and 
communicatea in front with terminal fikments of the long sphenopalatine nerve. 
While in the greater pabtinc canal, it gives off nasal branches, which cmerce 
through openings xn the perpendicular plate of the palatine bone, and ramify over 
the inferior nasal ooucha and the walk of the middle and inferior meatuses at its 
exit from the canal, palatine branches are dlatributcd to both surfaces of the agfi 
palate. 

'ITie lessor pt^alitie nervet descend through the greater palatine cinai, cmeree 
through the lesser palatine foramina and supply bninches to the uvula, tonsil and 
soft palate. I’he fibres oonvey-ing taatc impulses from the palate probably pass fro 
the palatine nen es to the plcrygopaladne ganglion and tiicnee, without imcmip- 
tion, ri(f the nei-vc of tlie picrt'goid canal and the greater petrosal nerve to the fac^ 
HpngUon, where their cells of origin are situated, 'ITic CHiiral processes of these 
ccUs pass ^mtigh the sensor)- rwn of the facial nene to reach the nucleus of the 
tnicluB Bolilarius (p. 95-f)F 

The noiul brantitei comprise the long and short sphenopalatine nerves, which 
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tnter the nasal cav\ty through the sphenopalaricie foranien. The sphmipafahnt 
nervr crosses the roof of the iiasaJ cavity below the oriflee of the tphcnoidaJ ainua, 
and then runs obliquely dpiwnwards and forwards on the poatcridr pari of the nasal 
septum., Iving In a grtiove on the vomer- It descends to the roof of the mouth 
through the inciaivc canal, and communicatea whh the oorresponding nerve of the 
opposite side and with the greater palatine nen-e. It furnish^ a few filaments to the 
muc-Dua membrojiE of the nasal septum and the posterior part of the roof of Use nasai 
cavity, and ends by supplying a large part of the mucous membrane of the hard 
pidatc. Tlw ifiorl spfienapiiliitinr wfrwf supply the mucuos membninc covering the 
superior and middle nasal concha, the lining of the posterior ethmoidal sinuses and 
die posterior part of the nasal septum. 

The pharytjgf^l nrrue, a smid branch, arises from the posterior part of the 
ganglion, passes tJiroogh the palatinovaginal cuial with the pharyngeal branch of the 
maxillary' ftrteryi and is distributed to the mucous membrane of the nasal part of 
the pharyiix, behind the amlliory tube. 


The MANDr&uuft Nerve (figs. 935, 939) 

TTie mandibular nerve supplies the teeth and gums of the mandibk^ the skin 
of the temporjJ region, part of the auricle, die lower lip. the lower part of the face, 
and the muscles of mastication i it also supplies the mneous membrane of ihc 
anterior t^vo-thirds of the tongue and the noor of the mouth. It ts the largest 
division of the trigcuiinal nerve, and is made up of two rooto : a large, sensory root^ 
which proce^^ds from the lateral part of the trigeminal gaugUon and emerges almost 


FlO, ptcTyi:o|Mihtine and iis bninclirt- 

S cmi - d iuj^nui ima t i c. 



iiruncdiatcly thmugh the foramen ovale of the sphenoid bone ; and a small motor 
root (the motor part of the trigeminal) which passes below the ganglion, and unites 
with the aensoi^ mot, just outside the foramen ovale, where the nerve lies between 
the tensor vcii palatini muscle medially and the lateral pterygoid laterdly, Imincdi- 
ateiy beyond tne junction of the two roots the nerve sends off from its medial side 
the nervous spinosus and the nen'e to the medial pterygoid muscle, and then divides 
into a small anterior and a large posierior trunk. As it descends from the foramen 
ovalCf the mandibular nerv'e lies at a depth of 4 cm. from the surface and a little in 
front of the neck of the manJihlc. 
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^ neons spinosiis enter? the skull through the foramen spinosum with the 
middle niei^in^al artery. It divides into two hnnehes^ mteriar and pofitetidr^ 
which accompany the main «hvi£iQns of the artery^ and supply the dura noatcr; the 
podierior branch also supplies a t^'ig to the mucous Eiiing of the mastoid aiir-cells \ 
the anterior commiLnicdtes with the meningeal branch of the maxillary' neirve- 
The nerve to the media] pterygoid tnuseJe is a dender branch which enims 
the deep surface of the muscle ; it gives one or twn hiain^ts which pass through 
the otic ganglion (p. 1130) tcithmii intfmiptrd and emerge from it to- supply 
the tensor tympani and tensor vcli palatini muscles (fig, 939)* 


RiCh 037 .—A diagram te ihow the panuymiHiLhEiic cimmeiiom ef the; pteiygo- 
palatine^ otic and subiruf^Jibular gnnglia. The par^ymparhctiE: ahreg, both 
pre- ind potts^n^lionic, are shown fta iwavy bbdt Lines, 
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The imaH tmteffor snt/tk of the immdibuJsf nent gives off (a) a scosory branch 
named die buccal nerve, and motor branches, via, the masseteric, deep tempora] 

and lateral pimgoid nwes, * ' 

l‘hc buccal nerve (fig, 938) passes foni'ards between the two heads of the 
lateral pteo'goid, jmd then downwatds beneath or through the Imvcr part of the 
temporal muscle i it emerges from under cover of the ramus of the mandibiB and the 
anterior border of the nwsseter. and unites with the buccal branches of the Facial 
nerve. It furnishes a branch to the iatcral pterygoid during its passase throuoli that 
musdc, and may give off the anterior deep temporai nerve. The buccaf nerve 
supplies the skin over die onlcrinr part of the buccinator muKk, and the mucous 
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fnembniiic lining its inner surface and the posterior part of iJie bucral surface of the 
gum. 

'Ehc massoteric nerve ffig. passes laterally, above the lateral pten'goia^ 
in front of the Temporomandihubr articulation^ and behind (he tendon of the tein- 
poral muscle; it cmases the posiericir part of the mandihubr notdi ivith the 
masseteriu artery, ramifiea in die deep surface of the rttasseicr* and gives a filament 
to tlic joint. 

The deep temporal nerves arc usually two in number, anterior and pi>stenor+ 
They pass above the upper border of the btend ptery^goid and enter the deep surface 
of the temporal nausclCp The pDitrrii^ brfiniJi, of small sbse, is placed at the posterior 
port of the temporal fossa^ and sometimes arises in cortiu^on with die rUiasseteiic 
nerve. The antmor hrar^ch is frequently given off from the buccal nerv^c, and then 
ascends over the upper head of the lateral pterygoid* A thirdp or middle, branch ts 
often present, 

'I'he nerve to the lateral pterygoid enters the deep surface of the muscle, Jt 
ixiav arise separtitely from the anterior division of the mandibular nerve, or in con* 
junction with the bucotl nen’e. 

The large ^f^erior imnk of the mandibular nerve is for the most part sensory, 
but reccivea a few Jfi]aments from the motor root. It divides into auriculotempciraj, 
lingual and inferior alveolar (dental) ncn cs. 

The aurxculotcmpora] nerve generally arises by two rootSi which encircle the 
niiddle meningeal urtety (Eig+ 935)+ runs backwards under cover of the lateral 
pterygoid on the surface of the tensor veli pulalini and passes bet ween the spheno- 
iTtandibular Itgament and the neck of the mondihle. It then passes laterally behind 
the temporomandibular joint in relationship with the upper part of the pamtid 
glands Finally, emerging from behind the joini, it ascends, ptssterior lo the super¬ 
ficial temporal vessels, over the posterior root of the zy'gtjma, and divides into 
superficial temporal branches. 

The auriculoicmpoTal nerve communicates svith the facial nerve and the otic 
ganglion. The branches to the facial nc™, usually two in number^ pass forwards 
and laterally behind the neck of the mandible and jocn the facial nerve at the 
posterior border of the massetcr, ^Fhe filaments from the otic ganglion join the 
roots of the auriculotempoial nerve cIom 10 tlieir origin (fig. 944 )- , 

The britttek^i of the auriculotemporal nerve arc tlie anterior auricular, branches 
to the external acoustic (auditoty) meatus, articular, part>tid and superficial 
tcmp<!rdl, 1 I ■ i- L 

The (furicutar branches arc usually two In number : they supply the akin of the 
tragus (fig, 940) andr sometimes, a small part of the udjoicting partion of tlie 
helix. 

The branches ta fhe external acamik meatusf two in number, pass bctw'Ccn the 
bony and cartilaginous parts of the meatus^, and supply the skin of tlie meatus, 
the upper one sends a twig to the tympanic membrane. 

The srticulur hrimehes consist of one or t^vo twigs which enter the ptjsterior part 
of the tcmpommandibular joint. 

The parotid branches convey seerctomotor fibres to the parotid gland, i he pre-^ 
ganglion ie fibres are originally derived from the gloasopharyuigcal nerve and trav'cl 
by the leaser petrosal nerve to the otic ganglion whence die pfistganglinnic fibre* 
pass to the auriculotemporal nefv^e and so reach the gl^d (fig, 937)' I hey also 
convev' vasomotor fibres to the blood-vessels of ihc parotid gland. PheM fibres are 
directly continuous with the fibres of the synipariicfic rocT of the otic gunglian 

ip. iijo). , , 

The supcrjiciai temporal branches accompany the superficial temporal artery and 
its terminal branches i they supply the atdn of the temporal tegion and communicate 
with the facia! and zygomaticotemporal nevves. 

The lingua] nerve (fig, 935) is sensory to the mucous membrane of the anterior 
two-thirds of the tongue, and to the ffoor of the mouth and the mandibular 

It arises fmm tlic posterior division of the mandibular nerve, and lies at first 
between the tensor vdi palatini and the lateral pterygoid muscle, where it is joined 
bv the chorda ssmpani brunch of the facial ncrvc+ and frequently by a branch of the 
inferior alveolar nerv^e. Emerging from under cover of the lateral pterygoid muscle 
the lingual nerve proceeds downwards and forw'ards lietwccn the raiiius of the man* 
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pwiYBoid ntuack, Jjing anlmor to, and sUghdy deeper tlwit 
the mfenor alveolar nenc. It lh«n passes MqiiV the mandibiilar onein of tlit 

oK phiiij-ns and Jics agaJast ihc deep surface of ihf mstudihle 

the iDediaJ side of the roots of the third molar tooth, where it is covered onJv hv 
tie gum and can be pmaed agauwi the bone by a fbgS 
^ mouth. It men leave# the gum and posses nn to the side of die 
gye, whe^ it erodes the styii^lossus, and runs on the lateral surface of the hyo* 
snd deep to the mylohyoid muscle ; hem i, fa placed abov!; iSrdeeJ S 

‘ft**! proceeds forvatds on the stdeSThe 

bSchd^^wiiefl^ M genioglDssus. and dirfdes into its tcnnilul 

branches, which he directly under cover of the mucous membrane of the longue. 

r«t. m 8.—A difsntloii of the left pieiyeojd reajem. ihewiiu; «onie of the 
bffluclifd of ihe mxndtbulflr ntrve and thfi oiaxillary 
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The ulfcrior alveolar (dental) nerve descends deep to the lateral pterygoid 
muscle, and then, at the lower boarder of the muscle, it passes bctwecfi the sphcno- 
mandibdar hgatncnt and the ramus of the mandible lo the mandibular foramen. 
Here it enters the mandibuliir canal, and runs below the teeth os far os the mental 
foramen^ where it divide* into an incisive and a mental bmnchi Below the lateral 
pterygoid muscle the nerve ts accompanied by the inferior alveolar ancry. 

TTie inferior alveolar nerve gives off the mylohyoid nert'e, branches to the molar 
and premclor teeth of the mandibicp the incisive and the Tncntal nczii'es. 

The myiohyoid n^rve is derived from the inferior alveolar nerve just before the 
latter entere the niRndjbuUr foramen. It pierces the sphcnomanclibular ligament, 
descends in a groove on the medial eurface of the ramus of the mandible and. 


Fig, 039 -—The right otic g^glbn and its bfooches displaced from the 
rncdiHl ndie. Semi-dEagrttmnutie. 
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pjissing below the mylohj'oid line, it reach® the under surTutc of the myloliyoid 
muscle, which it supplies togctlier w'ith tJie aritcrior belly of tlie difjwtric. 

The branch® to the molar and ptemolar teeth euppJv the adjoining ijum also. 
Before they enter tlit roots of the teeth tliey communicate with one anothef and 

form an inferior dental plexus. . . , i. l 

The Mtciffceif'fl'jTf A is continued oow'arda within the bone and supplies the camne 

and incisor teeth.* 

* Aiicordtng ta C. Staihir And D. Stewart CJ- *St *W0. th* nen ,* »hi^ iupply 

the indj^r icciK fami vt elftbAraiv plexus en the estenuil orpeel i>i mertHEWiimt afw 
cmergina from tbt: zuvntftl foramen and bcfoi^ thvy reamer the boRV. ^ canine icw>m 
may ^ iuppirsd either from the incuof pk*g» or from the ptw£u» whjch inncrvaf® the 
prcmolan. 
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The mental ntm cmcrgca at the mental foramen, and dividfs beii«:ath the 
depre^r anguli oria musde into three branchca \ one dcticcnds to the skin of the 
chin, and two ascend to the skin and mucous membrane of the lower iip; these 
bnuKhes communicate freely with the fiieiai nen-c (mandibuiar branch). 

The mandibular nerve is distributed to the structures derived from the imm- 
dibukr arch, and represents the post-irematic branch of tire trigemmal nerve. 
The connexion of the nerve with the arch ts indicated by: (i) its close relationship 
to the sphenomandlbukr tigament and tlie mandible i (a) its distribution to the 
anterior portion of the tongue; {3) its distribution to the tragus and the tytnpanic 
membrane ; and (4) its union with the pretremstic ncn^c of tiic hvomandibukr dc 
viz. the chorda tympani branch of the facial nerv e. 

jfpp/f/d .^rwf offfv.—A lesion of the whole trigctnmal oen-c causes aniesthcsia of the 
cojTtepondmg anterior half of the scalp» of the face (excepting a ?mall area near the 


Flo. 040.—A diAgfafU ehoH'ina the cuuncous oerv'e-nipply of thE face, sedp end neck. 

(After Foenrter.) 



V O»- 0 phl±i-lmic DEnn; ; V MKK.^^udUknr ncm ; V MJ.-MifiditHjlMf Km. 


wiKte of liw mi^iblc tupphed by ihe great auricular ncr^eh of Oie comea And con- 
juncctvD, and cif tlic mucous membranes of ihc nose, mouth and anterior half of the 
tongue. Paralysis and atrophy OMur in the muscles supplied by die nerve and when 
the mouth » opened ihe mandible is thrust over to the paralysed side. Lratons* of the 
divisions of ilu; nerve give-- . • . 


nerve below the point 


! give a m«m limited s^ry loss and, if afrecting the lingual 

by permanent loss of laste in the corresponding half of the anterior part of the timciue * 
flf/rrrrd pflfif iff IJ« tngftmHoI nrrw.—Pains tefened to various branches of the 

• Wilfred Harris ^ of esse, of lesiiHi. of the 

tneenuRal oerve. many of which he folkiweil for a number of year*. He hai ruimd 
Ici^s cauairai to« of Kcncral sensibility (tactile, painful and therms]) in the nsLits 
■niErior half of the longue s« almost invariably associated with toes of tme In l^inrw HuZ 
to aurgiral operatwns on the oe™, iis ganglion or ite sensory mot. the of laateh hn! 
mediate hut It usually nxQ^Jtn after a period which varies fmm a few htmis in soi^lia^o 
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UTS 

trigcmiml nerv‘d ^ of very Irctiucnt cjccunrocc. Aa a hjIc ihc of 

pjiin ovejf the various branches of the nerve h at first ccn&ied to one only of the main 
divitioTU, although in sevcne cases pain may ladiatc mcr the i^ranches of the olhet 
mnsn divisions. The commonest exatnpbr of this corEdiUtin is the neuralgia which is 
80 often associBiled witli dental curies—here, altliough the tooth itself may not appear 
to be painful, the roosl distressing referred pains may be experienced, and the^ are at 
once relieved by irtarnient directed to the ejected tooth. 

Many other examples of trigeTninoJ referred pain could he qtiotcd, but it will be 
$ufHcieiir to mention the more common one^. In the area of the ophthalmic nen^e, 
■severe supra-orbital pain la commonly associated with acute glsniconiu or with frontal 
or ethmoidal xinusitiu. Malignant growths or empyema of the maxiUnry sJnuSi oi 
unhealthy condidorts about the inferior conchie or the septum of the nosCp are often 
found giving rise to * second division ^ neundgiap and should be always looked for in the 
absence of dental disease in the maxilla. It i$ in the niandibubr nerv'e^ however^ that 
some of the most atnking examples ore seen. 11 is quite common to mce t with patient^ 
who complaio of pain In the ear, in whom there is no sign of antal disease, and the cause 
ia Usually to be found in u canoua looth in the mandible. Moreover^ with an ulcer nr 
cancer of the tongue, often the first pain lo be experienced is one which radiatca to the 
car and tctnpotid fcMsa, over the distdbutioti of the auriculotemporal nerve. 

The lingual nerve is occasionally diiidctl with a view to relieving the pain in 
cancer of ihc tongue. I'his may be carried out where the nerve tics In direct contact 
with the mandible below and l^iiind the lost mobr tooth, covered only by the mucous 
membrane (p. xiio). 

In irares of intmciable neuralgia of the trigemioD! nerve various operative pro¬ 
cedures have been introduced from time to time. Tlse trunks of the maxillary and 
mandibulqr ncrvxis and the trigeminal ganglion itself hnve been injected with alcohol 
with varying degrees of success^ and exciaiDn of the ganglion, in whole or in part^ has 
frequently been performed BuccessfuHy^ but the last-named operation involves serious 
risks (laceration of the cavernous sinus, etc.} and is now rarely undertaken. The 
sensory root of the nerve may he divided behind the ganglion and this is now the 
opemtion of election when the pain ii confined to the maxillary and mandibular nerve 
areaa (fig. ^o). Complete division of the scnsdty rent ttcccsaarily deoervates the comca 
completely and the resulting loss of the corneal reflex lends to neuropathic keratitis, 
Conaequently, In thcie casea an endeavour i$ made lo preserve the cphthttlmlc fibres, 
which lie in the upper and medial part of the root and con be spared If the incision is 
restricted to the lower and lateral fibres. The motor root of the nerve is kft intact. 

When the pain is limited to the ^htbsilmic area or to the ophthalmic and maxi I Eery 
areas, the Dperaiiort of electjon * consists In the division of the fibres of the xpinal 
iroct of the neivc, w^hcre it is most superficial fp- 053) and sometimes formn a recog¬ 
nisable elevation (p. H^) lietwcen the lEitcral man^fin of the fasciculus euncatus and 
the poalerior border of the lower part of the olive. Section of the tract 4-5 mm. 
bcluw the obex preserves all, Or nearly bH, of the mandibular fibres, as, at this level, 
they have already entered the upper portion of the nucleus of the rraet and so escape 
injury. Following the operatLon painful and thermal sensibility' are Tost over the oph- 
ihalmie and maxilliry area'i, hut $ac.fiit TmnMfVy h rfiitinrd ttnd fhr mrtteoi reflex ii 
ii&i ethoftiJted. Tlie operation preferably a conducted under Ii:>e!il ynoslhcsLa." 


The Abducent Nkitvir (fig, 934) 

The abducent nerve auppliea the lateral rectus muscle of the eyeball. 

Its fibres arise fmtn a stnoLlI nucleus which is situaurd in the upper part of the 
floor of the fourth ventridc, close to the median plane and beUE^lh the colliailns 
facialis. They downu^arda and fonx'ards through the pons, and emerge in the 
furrow' between the lower border of the pons and the upper end of the pyromEd of the 
medulla oblongata (fig. ^24), 

The nucleus of the abducent nerve represents the sotnatic efferent column and 
retains its primitive position close to the median plane (p. 965), 

Conne-xi&Hi ^—The nucleus of the abducent nerve receives fibres from: (t) the 
pyramidal tract of the opposite side; (2) the medial longitudinal bundle, by which 
it taoonnocted with ihe nuclei of the eighth cranial nerve : and (3) the tectobulbar 

mmiThx md even yean In ofhera, fCc don woe bclivve liiat die immct^iis after multi of 
surgieid ttiTeTfcreece Endicafe rhat any fib™ oaqi-cyini;' guitaiory ventlbility reach the central 
iierv'oUft lyiton ibimigh the SCtitDry tooi of V, but hie hif cximt to the conclusion thdl the 
presence of gcitcritl ^enaiblUty in the palate and itie anlcnpr half of the toUfiruc pUyi *n 
impottiuit piift in connexba with the rEougniEion and apprewtioa of taste stimuli, 

* Murray A, Fatooner^Jf*^ Niuroi,, Nevrofurg.^ ra, 1940 
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tract, by ^vhich it Is connected with ^ic vbiul carter through the znedJiLiit of tlit 
superior coUiculus. 

Colrt^je.—After leaving the surface of the brain-stem^ the abducent nen’c runs 
upwards, forwards and laterally through the cistema pontis^ and usually dorsal to 
the anterior inferior ocnrbclJar a^tcIy^ 1 1 pierces tlic dura mater lateral to die domirn 
sellft of the sphenoid bone and then bends sharply foncaeds as it crosses the superior 
border of the petrous part of the temporal bone close to its apex. In this situatton 
it passes below' tlie petrosphencidal ligament^—a fibrous band which connects the 
lateral margin of the dorsum scLIx to the upper border of the petrotis part of the 
temporal bone near its medial end. Ii nest traverses the cavernous sinuSi lying at 
first lateral and then inferolatoral to the internal carobd artery^ and enters Use 


Fto. 941 .—An obliquely coronal st^ciJon through the middle cnuiisl foisa* I'he 
ophihilnkic stiii maxilkr7 tufrvqa mtc almwn surrounded hy^ the forward c^tten^ 
tEOn of the cavutn Cngmimalc luSl:). 
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orbital cavity through (lie medial part of the superior orbital fissure. Jt passes 
within tlw common tendinous ring from which the recti mu6cl(?s of the evcbail arise 
lytog bdow and lateral to the oculomotor and nasocilian? nerves, and finallv sint* 
into the ocular surface of the lateral rectus, ‘ ^ 

In the cavmtous sinus the abducent nerve is joined by several filamenB from the 
internal carotid plexus^ and communicates tvitli the ophthalmic nerve.* 

Appli<^^^ Aiiaiottty, —The abducent ntfve i* occasionally involved in fractures of the 
b«e of the akull. The result of paralysis of this nerve is medial or coitveroent aquim 
Diplopia It also present, ^ 


The Facial Khbve (figs. ^ to 948) 

The facial nerve possesses a motor and a sensory root (fig. 82^). 'phe two toots 
appear at the lower border of the pons Jviat lateral to the recesa between the olive and 

• roQtTIDtf 
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Fic^ 9+1,—Schcfn« t&sbow ifacdHtiitioii ttndmous rinff^the cmfiiM of dw recri^ uid 
the rtlitive pOKltioru of the ntrvea entarins the orbital emvitf^ throjgh tlw 
niperkir orbifal Estfura. (ModiEed frpm a figure la WbitnHlVi Anaitnny ihi 
Orhii ; Oxford Medjoil Publictdcmft.) 
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ihe Inferior cercbdlatr peduncle, the motor part being the more medial i the 
eighth nerve Uw iininedJacerly to the lateral side of the sensor^' root* 

The motor root supplies the muscles of the face* scalp^ and auricle, the huedu' 
ator, piat^-sma, stapedius, stylohyoid, and posterior belly of the digastric* The 


Fio. 943 ,—A diimrion of the right orbit %'kwitd fnjfn in front, to riiow the 
of the orbitti muscU^ end ih« lelnth'o pocitipni of the nervei of the orbit. 
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irnscry root convevs from the chorda tympaui nerve the fibres of taste for the 
anterior two-lhirds of the tongue, aud from the pdatinc and greater petraal pen'pa 
the fibres of taste from the soft palate; in addition, it is believed to ttansnnt the 
preganglionic paras>mpathL tic (sectetomator) fibincs for the submandtbubr and 
suhlingujiJ saliv'ary glanda^ for the lacrimal gland, and for the glands of the tmsiil and 
palatine miicosac. 
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The nuckus from wMch m*si of the motor fibres of the facial neree are derived 
lies deeply in the rtdcular formafiDii of the Joucr part of the pons. It is situated 
behind the dorsal nucleus of the corpus trapczoideum (fig. 837) and ventrimedial 
to the nucleus of the spinal tmet of the ttigeminal nerve. It represents the branchial 
(spedar visceral) efFercnt column, but it lies much more deeply in the pons tl^n 
might be arpected^ and its outgoing fibres pursue a very unusual course. Both these 
features are explicable in accordance uith the principle of tieurobiomis (p. 966)* 
The nucleus receives fibres from the pyramidal tract of the opposite aide. In addi¬ 
tion, some of the efferent fibres of the facial nerve take origin from the sup^^ivr 
ifiJiviiry nucleus^ which ties tn the reticular formation, dorsrbteml to the caudal end 
of the motor nudem It represents the general visceral efferent column, and it sends 
Its fibres to join iJie sensory rooh by which they are ultimately distributed through 
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the chorda tympani tn the submandibular and snblbigual salivary gland.* From 
this double origin the fibres of the h/o/oi“ TOf pass backwards and medlallyp and, 
reaching the lower end of the nudeus of the abducent ncr^ c, run upwards auperfidd 
to ihia nudeus beneath the colliculus facialis^ At the upper end of the nucleus of 
the abducent ncm^e they make a second bend, and run downwards and forwards 
through the pons to their point of cmcrgcnDe bet^veeB the olive and the inferior 
ccrebdkf peduncle (figs. 814^ 837), 

The sensory nucleus of the facial nerve is the upper part of the mdem 0/ ihe 
fractui sttlitarim of the medulla oblotigata {p. 954). It receives akerent fibres from 
the sensory' root and sends efferent fibres to the bteml nudeus of the thd^us of 
the Opposite side. .-\s they ascend through the midbrain and subthalainie regions, 
these fibres are closely related to the median plane [Wilfred Hsms. il.ALJ, i, 1952}! 
From the thahmius they are relayed to the inferior part of the postcentral gyrus. 

The sensory root consists of the central branchES of the o^oos of the unipolar 
cells of the facial ganglion, which leave the trunk of the facial ner^e in the internal 
acoustic meatus and pass centrdly, m dose relation with the motor root and the 
acoustic nerve, to enter the brain-stem at the knver border of the pone* The 
peripheral bnmehea from the axons of the ganglion cells are the taste fibres contained 

• The puidcifi ai the nuckm of origin of the iectciciiiiotor fihfei to the hicriinel aland in 
uncertain. 
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in the ch<nrda tympanJ and iLc gruatcr petrosal nerves. As already 9 iatcd^ it contains 
the efferent preganglionic pamsympaiheiic fibres for the submandibular and sub¬ 
lingual salivary glands^ the Lacrin'ial gland, and paiy-ngcal^ nasal and palatine 
glands. 

From Uidr attacbments to the brain^ the two roots of the hida! nerve pass tencr- 
ally and forwards with the eighth nerve to the opening of the internal acoustic 
meatus. In the meatus the motor tt?ot lies in a groove on the upper and anterior 
surface of the acoustic nerve, the sensor^^ rc»l being pbeed between them. 

At the bottom of the meatus, the facial nerve enters the facial canal. In this 
canal the ner%'c runs at first laterally above the vestibule, and reaching the medial 
wall of ilic epitympanic recess, bends sharply backwards above the promontory, 
and arches downwards in the medial wall of the aditus to the tvinpanic antrum^ 
Finally it descends to rcsdi the stylomastoid foramen. The point where it bends 
sharply backwards is named the ^eiiiculum i it presents a reddish gangliform swelling 


Fig. $45.—A diwedon of the rEgbt rriiddk cranial fosta, cbewiEtji tht caiirsc and some 
of the oonnexioni of ihf fnckJ n*rvt u it zuna ihrou^ th^ temporal bonc^ 
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nametl the ^fninilar garrglttifn (fig, On emerging from the stylomastoid fora¬ 

men, the facial nerve riins forwards in the substance of the parotid ghnd (p. 
crosses the styloid process, the posterior facial vein and the externa! carotid artery ^ and 
divides behind the ramus of the mandible into branches which pierce the antero¬ 
medial surface of the paruttd gland and diverge from one another under cover of iL 
They form a network (parotid pkxm'i and arc distributed to the muscle of facial 
expression. As it emerges from the stylDiriastotd foramen, the facial nerve lies 
about 3 cm. deep to the middle of the anterior botder of the mastoid process. Its 
Course through the parotid gland can be represented by a short horiitontal line 
drawm across the upper part of the lobule of the auricle (fi^. bSy). 

The brawhts g/ commu/ikathn of the facial nerte may be iiranged sa folbw-s; 

[n the internal acoustic 

meatus , , , . With the acoustic nerv^e. 


At the facial ganglion . 


W-iih the pterygopalatine ganglion by the greater 
petrosal nerve, 

j With the otic ganglion by a branch which joins 
the lesser petrosal nerve, 

W'ith the sympathetic picxna on the middle 
^ meningeal artery. 
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In the facial cana .1 . . With the auricular branch of the nerve. 

At its exit from the stylo- HVith the glossophatyn^ab t'agus, great auri* 
mastoid foramen , , \ enkri and auriculotemporal ner^e. 


Behind the ear 
On the face. 

In the neck . 


With the lesser occipital nerve. 

With the trigemiimJ nerv^e^ 

With the transverse cutaneous ccn’ical nerve. 


Tn the inlemal acoustic meatus some mlautc ELaments connect the facial ncr\^e 
with the eighth nerve. 

The gmiirr pilmsal nert'f arises from the f^glion of the facial nerve^ 
and consists chiefly of taste fibres whidi are distributed to the mucous membrane 
of the palate ; hut it also contains preganglionic paras^^fnpatliclic fibres which are 
destined for the pterv^gopalatine ganglion and ire there relayed through the zygomatic 
and lacrimal nerves (p^ tio6) to the lacrimal gland and, through the nasal and 
palatine nerves to the glands of the nasal and palatine mueo^ (fig. 94S), It receives 
a twig from the tympanic plexus, passes forwards through the liiatus dn the anterior 
surface of the petrous portion of the temporal bone and runs in a groove on the 
bone. It passes beneath the Lrigcminal ganglion and reaches the foramen lacenim. 
In this foramen it ts joined by the dtep pttrosal (frg, 944.) from the sympathetic 
plexus on the intcnial carotid artery + and forms the nervt of the pterygmd emiiil, 
which passes fonvards through the pterygoid canal an<l ends in the pteiy^gopalatine 
ganglion. The taste fibres pass without interruption through or ov-cr the surface of 
the ganglion into the palatine branches which spring from It. 

From the ganglion of the facial nerve a branch nms to join the Lesser petjosal 
neo'c (fig. 944), and is &>nveyed through this nerve to the otic ganglion. 

The sympathetic plextia on the middle tocmingeal artery is Joined to ihe ganglion 
of the facial nen-e by an inconstant branch, somedmes n^ed t3ie external pf /naal 
nerve. 

Before the facial nerve emei^es from the stylo mastoid foramen, it receives a twig 
from the auricular brunch of die vagus^ 

After its exit from the stylomastoid foramen, the facial nerve receives a hvig 
from the glossophatyngeal ner^c, and conimnnicates with the great auricular and 
auriculotemporal nerv'es in the parotid gland, with the lesser occipital ners^e behind 
the car, with the tcrttiinsL branches of the trigeminal ner%c on the face, and with the 
tnmsrxrsc eutaneous certacaJ nei%^c in the neck. 

The ^ranchn of dtsmhution (figs. 944, 946) of the fadnl mtvc may be grouped as 
follows: ^ ^ r 


Within the facial canal 

At Its exit from the stylo¬ 
mastoid foramen 

On the face 


(Nerv c to tile stapedius muscle, 
I Chorda ijinpatii. 

f posterior auricular* 

' Digastric, posterior belly* 
[Stylohyoid- 

f Temporal. 

Zygomatic, 

Bucoal. 

Mandibular, 

I Cervical. 


i’he ntrv^e to the stapedius arises from the fadal nerve opposite the pyramidal 
eminence on the posterior viuH of the tympanic ca^'ity \ it po^es forwards through a 
small canal to reach the muoclc. 

The chorda tympani fip^c (figs, 939, 94J&) arises from the facial nen e about 
6 mm. above the stylomastoid foramen. It runs upwards and foni-ards in a conaJt 
and peiforatcs the posterior bony wail of the tymponk cavity through the posterior 
canaliculus for the chorda tympani nerve, w hich U situated dose to the posterior 
border of the media] surface of the tympanJe membrane and on a level with the 
upper end of the manubrium of the malleus. It then posses forwards between the 
fibrous and mucous layers of the tympanic tnembranep crosses the manubrium of 
the malleus, and re enters the bone through the anterior eanaliculus for the chorda 
tympani ncrvcj which is placed at the tnner end of the petrotympanic fissure. The 
nerve now runs downwards and forwards on the medial surface of the spine of the 
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sphenoid bone {u bich ll somedmea grmvea) nnd passes deep to tie lateral ptenrgoid 
muscle. In this part of its course the nene lies latctul lo the tensor vcii palatini and 
U crossed by the noddle meningeal artery, the roots of the auriculotemporal nerve 
and the inferior alveokr ncirc. Finally it joins ilie posterior border of the lingua! 
nerv^ at tm acute angle. It contains efferent preganglionic parosympathciic 
(secretomotor) fibres whkh enter the siibmandibulsr ganglbn. and arc there relayed 
as postganglionic fibres lo the submandibular and sublingual glands ; the fnajo'rily 

Fic^ B46.^nie nervi* of ihe n^hi tide of the scolp, fact ind ncdc 
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of Its fibres ire aJTcrcni^ and ore continued onwards tkrough the muscular subBtance 
of the tongue to tbe mucous membrane covering its anterior nvo-thirds, excluding 
the vallate papdbe ^ they constituic the nerve of taste for this portion of the tongue. 
Before uniting t\ith the lingual nerve the chorda tympani is joined by a smalL branch 
from the otic ganglion. 

The posterior auricular nerve arises dose to the stylomBstoid foramen and 
runs upu-ards in front of the mastoid process i here it is joined by a filament from 
the auricular branch of the vagus nerve p and communicates with the posterior 
branch of the great auricular nen'C, and with the lesser occipital flcn'c. Aft it 
ascends between the external acoustic meatus and the mastoid prooesa it dhides 
into an auricular and an occipital branch. 'Fhe {mricuhr hrsit^h supplies the auricu-< 
laris posterior and the intrinsic muscles on the crania! surface of the auricle. The 
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ocdpitat kritnck^ the larger^ passes backwards akng the superior nuclial Une of the 
pcdpiul bofie, and supplies the occipital belly of occipitofrontalis. 

The digaairic branch arises close to the stylonaastoid foramen^ and divides into 
severtd filaments which supply the posterior beUy of the digastric; one of these 
hlaments joins the glossopharvTigcal nerve. 

The stylohyoid bratHih, long and slender, frequently arises in conjunction 
with tfie digastric branch ; it enters the middle part of the stylobj-oid mtiscle. 

The temporal braoches cross the zygomatic arch to the temporal regiom They 
supply the mtrinaic muscles on the latemi surface of the auriclep the anterior and 
supenor auricular muselcs^ and join with the tygomaticotempor^l branch of tlie 



Fra, ^7.—The cutencoui bnmehes of the kft trifiemirud ucn^. 
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atinculotemporal branch of the mandibular neriT. 
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of the infra^rbiia] nmie; they also supply the levator annuli oris, the zvgainaticus 
miOTr.^e levator labii supenora alxque nitsi and the small muscles of the nose. 
These branches arc sofMtoes described as lower zygomatic hfuntlwa. The lower 
d«p branches supply the buccinator and orbicularis oris, and join with filamenu of 
the buccaJ branch of the znandibuIaT nefve. 

The ™dibuJar branch runs forwards bebw the angle of the mandible under 
^er of the platysma. It lies at first superficial to the upper part of the dicastric 
triangle and then turns upwards and foniards acnm die body of the mandible to lie 


Fio. 4 ^-—A disgram 10 thaw the panMyrnpatheiic eonnexions of the oiErveo- 
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under cover of the duressor anguli oris (fig. 9+7). [t supplies the risoriiis and the 
muscles of the lower Up and chm, and joins the mental nerve (p. 11 la) 

The cervical branch issues from the lower part of the iiarotid Bland runs 
forwards and dnvmwaxds under cover of the platysma to the front of the neck It 
supplies the platyama and communicates with the ttansverse cutaneous cervical nerve 
The submandibular gangfinn is a arnstl. somewhat fiisifonn Kmelion which 
lies on the upper p^ of the hyoglossus muscle. Like the ciliary. ptervEopalatine 
and otic ganglia it is a peripheial ganglion of the parasympathetic system It is 
placed alwve the deep part of the submandibular gland and below the lincuaJ nerv't 
from winch it is suspended by an anterior and a posterior filament (fig. 935)' 
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Although w intimately rebted to the lingual ntrv^t, the ganglion h connected 
functionally with the facLiJ ncr^r and its chorda n'Tnpani bnanch^ 

The mfttoT or parasympaihetk root is formed by the posterior filament connecting 
the ganglion to the lingual nerve. It convey's preganglionic ^bres which arise in the 
superior salivary^ nucleus and run in the facial^ chorda tyinpani and lingual nenxa to 
reach the ganglion. There the fibres egtablish synaptie relations with the cells of the 
ganglion and the postganglionic fibres arc scenctomotor to the sub mandibular and 
the sublingual salivary glands^ The sympathetic root is derived from die plexus on 
the facial artery* ft consists af postganglionic fibrea w’hich lake origin in the sup- 
rrior cervical ganglion and pass through tht suhmii^uiihuiiir ganglion tciihout bring 
interruptrd* They are vasomotor to the blood-vessels of the submandibular and 
sublingual glands. 

Five or six braFiches arise from the ganglion and supply the submandibular gland 
and its duct. Other fibres from the ganglion pass through the anterior filament 
which connects it to ihe Lingual nerve and arc carried to die sublingual and the 
anterior Unguol glands. 

Appiiiil Aniiiomy .—Fuejai palsy is commonly unilstcmh and may be either: 
(t) prripherat^ from Icsirsn of the facial ncr\c ; (a) nucieort from deattuction of the 
facial nucleus ; Of fj) JcmfroJ, crrehral or supranudmr^ from injury in the hmiu la the 
bbres passing from the cortes through the iniernal cap.m(c to the facial nucleuSp or 
from injury la ihc face-area of the motor cortex Itself. In supranuclear facial para lysi^d, 
which is usually part of a hcmipkgia> it the lower p^rt of the face that is chiefly 
affected, while the forehead can be fneely wrinkled on the palsied aide, the eye cin be 
dosed fairly well and the eyeball ii not rnLlcd up under the upper ltd : emotional 
rnoveinenf^ of die face are executed much better than voluntary nwjvements ; and the 
etectrical reactions of the miiseles on the affected aide are not altered. These appui- 
cnliy contradictory phenomena arc usually ascribed to bilatcfal rtpreseniarlon of the 
muadei cunccmcd in the tnaiur cortes. If the paralysis is due to licsion cjf ike facial 
nuckus, the orbiculortB oris escapcii, as the nuclear origin of the nerve to this muscle 
seems tn Ijc connected with tliat of the lopguc-ncrvea ; othvrw’ise the s^tnprotns are 
identical w'idi those of the common peripheral racial palsy^ of which several types 
may be dtsttnpfuishcd according to the point in its course al w'hich the facial nerve 
is injured- If the lesion occurs (a} in the pons, facial paralysis is produced as 
in (d) bclo^v; taste and hearits^( ure not affected^ hut the abilucent nerve also will be 
paralysed because the fihira of the facial nerve loop round its nucleus in the pons. 
\\lien the nerve is pamlyscd (ft) tn the petrouii tempomh in addition to the paralysis 
nf die motor nucleus, there is loss of laaic in the anterior part of the lungtie, and the 
patient is unable, frciin ItiVDlvemL-ni of the chorda r>Tripani» to recognise die dilTcmnce 
between bitters and tweetSp acids and salines : the sense of hearing h affected rrom 
parflEysiN oF the iTdpedius. When the cause of the paralysis is ff) friiiCture of the base 
of the skull, the eighth and petrosal nerves are usually involved. It should be noted 
that t^lc is alw'u^'s lost over the anterior half of the tongue on the lame aide as the 
Icsiun, when the facial nerve is invoU'cd at any point benveen its supertldal origan 
from the pons and the point at which it giv^ off the chorda tympani. But by far 
the oommonest cause of facial palsy is td) exposure of the nerv'c to c<p1iJ fir injury 
at or after its exit frnm the siylottUisToid foramen (Bcirs paralysis}. In these cases the 
face looks asymmetrical even when at rest^ and mtire so in the old than in the young. 
The affected side of the face and forehead remains motionlc^ w'hen voluntary or 
emotional movemtnt k attempted. I'he hues on the foruhead ire smoothed out, the 
eye can be ahur only by handT tears fail to enter the lajcrtmal puncta because they arc 
no longer in contact with the conjunctiviu the Cimjuneti^'al rtflex k absent and e^orta, 
to close the eve merely cause the e>'eball to roll upwards until the cornea lies under the 
upper lid. The tip of the nose is dmwTt over tow-ards the sound side ; the naaolabial 
fold is partially obliterated on the affected side, and the ala nasi docs not move properly 
on reap]cation. The lips remain in contact on the paralysed side, but cannot he pursed 
for whistling : when a smile h attempted the angle of the mouth k drawn up on the 
unaffected side hut on the siTected vide the lips remain nearly dosed, and the mouth 
assumes a eharacteristie triangular form. During masticatiun food accumulates in the 
cheek, from paraiysk of the buccinalorp and dribbles Or is pushed out from hetw^cen 
the panaJ],'3ed lips. On protrusion the tongue seems to be thrust over towards the 
palsied sldcj but veriflcaimn of its position by reference to the incisor teeth will shuw 
that this £t not Tcaily so. The pUcy^ma and (he muscles of the auricle are paralysed ; 
in severe eases die articulation of labials h impaired, llie electrical reaetiuns of the 
affected museks are aUered (reaction of degeneration), and the degree to which this 
aheration has taken place after a week or ten days gives a valuable guide to the prognosis. 
Most cases of Bell's palsy recover completely. 
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Tiie Statq-acoustic or Eichtii Nerve 

n«rve uppearB in the griMVc betueeh the puns 
Mil mi'dulb obbneata, behind the facial nmeand in front of the infenor cerel^Ilnr 
peduncle (fig. 824), It con«Bt» of two sets of fibres, w hich, alihough differins in 
their pnncjpa! cemral connexions, are bt>th concerned in the transmission of 
alferent iinpukes from the internal car to tije brain. One set of fibre* form* the 
vestibular ner\c, or nerve of equilibration, and arises front the ce)b of the vestibular 
gMgl ton situated in the hot tom of the internal acoustic meatus ; the other set con¬ 
stitutes the cochlear nerve, or nerve of Jiearing, and takes origin from the cells of 
ihe^iniE ganglion of the cochlea. Both ganglia arc primitive in that thev consist of 
bipolar nerve-cells j from each cell a central fibre passes to ihc brain, and a peripheral 
hbre ttuhi: intcnml ^ * 

Vestibular nerve {% 949 A).-Tbc fibres of tlic vestibular nerve enter the brain 
mwIiaJ to those of the cochlear nerve and on a higher level. They pass baciwards 
through the jwns between the inferior cerebellar peduncle and the spinal tract of 
t le tngeminal nerv'e and divide into ascending and descending branches w'hich 
mostly end in the vesCibu^ nuclei, although many proceed direct to the cciubellutn 
along the infenor cerebellar peduncle. 

/ V vestibular nucleus of termination comprises the /(diow ing subdiviaiuns: 
(I) The meM (p. 960), which lies in the vestibular area of the 

Hwr of the fourth vent nde, crossed dorea||ybytliestri%ntcdullaires. kistlic lareesi 
subdivision and extends upwards from the medulla oblongata into die ptins. On 
transvciM sMtion it is triangular in outline, (a] Tfic mfirior ii«c/c« 

(p. 900} bus lateral to the medial nucleus and reaches to a lower level in the medulla 
oblongata. It is placed Ktween the medial nucleus and the inferior cercbclkr 
peduncle, and the descending branches of the incoming vestihuJar fibres arc closely 
applied to Its lateral aspect, (a) The lateraf Huctats (p. 96a) lies ventrilateral to the 
upper part of the medial nucleus, and it is characteri^ by the large sire of its 
constituent cells. Its upper end mclines dorsally and becomes concinuous with the 
Imver end of (4) the superior nucleus, which extends higher into the pons than the 
othy BulKii visions and occupies the upper part of the vestibular area 

Coiwwjtww,—Existing knowledge of the connexions of the whole vestibular sys¬ 
tem IS (pf from complete. It is known that all the vesdbuJar nuclei receive incoming 
Itbres trom the vratihulsr nerve and it is believed that they all receive afferent cm- 
beli^T^itbular fibres through the inferior cerebellar peduncle, rhese fibres suv 
oerivcd, lor the most part, from the flocculus and nodule (posterior lobe), but others 
nave been ^nbed to the uvula, the lingula and the nucleus fastigii (fig. 949 .y). 

hroin the nudes efferent fibres enter the inferior ccrcbeltur peduncle, most of 
them being destined for the flocculus and the nodule, though some may pass to 
ttie Uvula and tlic lingula, and some have been described as terminating in the 
nucleus fasiigii. As already stated, many of the fibres of tfie vestibular nerve ' bv- 
PJM the nticlcj and traverse the inferior cerebellar peduncle to reach the fiocculus 
and ihc n<njiiJi!» 

a wlmJc^ Ihc ve^tfhubr nuclctir complex as a reby et^idon on an aJforcntl 
ccr^-llar pathway. And is in turn a distributing siatinn for efferent cerebellar' 

h vcatibnbf nuclei enter the medial longitudimi 

Dundic (hg. m vyhich tJiey ascend, or dcMrcnd. to reach the motor nuclei of 
the eyer mmeJes Aiid muscles of the neck, Furthcft ffom the large cells of the 
Jaieml tcsu huiar mielcus, effereni fibres descend id form the vcstibulo-spinal tnicl 
tP- 940 and fibres from the nlher nuclei are believed to join the btrral Icmniacust 
And so mai reach the inferior colliculus (corpus qujidrigeminum) imd the medbl 
pnictilate body and, eventually, the cerebral cones, but ciirtical cdnnexiDn^, thouffh 
li^ng suspeclcdt have never been demiDnstrated, ^ 

SjHaking broadly, through its connexions the vestibular svstem is able to iaRu^l 
ence the movements of the eyes and head and the miisdcs of the inmk and limbs 
so as to maiiuain equilibrium when loss of balance t$ threatened. "' 

C^hlw nerve (fig. 94^ b).—A s it reaches the brain^stem the cocklear ncr^'c i» 
placed on die ];3tcr^ side of the vestibular nerve, but the two ncr>^es soon become 
separated by the uiienor ccrcbcIUr peduncle. The cochlear nerve passes round the 
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Ifttcrai aspert of the peduncle, while the ixatibulnr nerve penetrates the brain-etcni 

on the medial side of that struetute, . . i i ■ j 

The cochlear nuclei are two in number. The tenfral eochltar fiucleus i3 plac^ 
on the vcntrilfltcraJ aspect of the inferior cerebellar peduncle, and it fwci%'es the 
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Fig. 040 (A),—A liiagrain to dhow (he olfemir cunnexioiii of the greirp of nudei in 
which the fihrfcn of the vestibutaf nerve leBniiwtc. 
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1 ai]ger, ascending branches of the cochlear nerve. The dorsai cochtrar nwettus H» on 
the dorsal a.<tpcct of the peduncle in the lateral part of the veatihular area of the 
Poor of the fourth ventricle, where it forms the auditory tubercle, h Rceives the 
smaller, descending branches of the cochlear nerve. 













THE EIGHTH NERVE 

It had btcn shown * that, the fibres of the cochlear nerve observe n spatial 
arrangement in their point of division. Those from the basal coil divide as soon 
as they enter the nucleus; tlio^ from the apical coll pass to the dee^t part of 
the nucleus before dividing^ while the remaining fibres maintain their appropriate 
positions tn ac^rdance with the particular pan of the cochlea from tvhich they 
have b«n derived. Fhe afferent fibres to the ventral nucleus fonn aynaptic 
connexions w'lth only tivo or three of its cel Is, those to the dorsal nucleus end 
in a mass of fine terminals (neuropil) by means of which they can establish 


Fro. A diagtatti to dinw the centnl connexidns of tbr eochicir ucr^ nnd the 

auditor}’ psihway throu^ iht braiii stem. 
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«i^cilons w Ith a lat^c number of its cells. This arrangemenr, considered in the 
hght of the spatial representation of the cochlea in the audito^sensory cortex fp* 
1047) suggests tint the ventral nucleus and its neurones, with their presumabry 
point to point' mnnexions, may be concerned with tonal values, AvhiJe the dorsal 
nucleus is concerned with the transmission of sounds independent of its pitch or 
tone, ^ 

rhe efferent Jih^r^s ffow the eeirfrd/ cochlt<tr nueietis (second neurone fibres on the 
auditory pathway) end in the dor^l nucleus of the corpus trape^ideum^ either 
of the same or of the opposite side. There they are tchyed and the third neurone 
hbres turn upwards, forming an ascending tract, termed the iaieral temnisetis. The 
3 <WDnd neurone fibres of the opposite side behave in the same way, and the inter- 

* R« Lcr^te dc N&p luiryB^otC^pt^ 43^ t Pj Ji 
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sections of the contraJateral fibre# of the two side# form the carpm irapeMutn* 

^Rbrti from tht dorsal cochlear niichus establish timilar conncjtions 
(fig. 950) and the third nctirone fibres ascend in the latemJ IcmnUcus, either of the 

same nr of the opptjsiic aide. . i j- 

Each liiteral Scmniscu^, Uicrcforc, consists of third neurone fibnss denvecl from 
Iwth sldea, and on its upv^'ard course to the mid-brain some of ihc&e luive a cell- 
station In uamall group of nervc^cclla, inmnaidy relaied to the tract and temted the 
nucleuj 0/ fhi htera} kmnisfu^. On reaching the ndd-brain. some of the fibres end 
in the nudeus of the inferior eollkulus. bui others ‘ bypass ‘ the niideus and run m 
the inforiur bnichtum to reach the mediul geniculnic budyn where lliey are relayed 

to the auditory cortex 41,+2 and 22, fig. <® 47 )- 1 ^ 1 ^ j- - 

Commissiin»l fibres link the two auditory pathways at the level of dte ^^cnor 
cnUtculi, and auditory reflexea arc mediated through the superior collietili f and the 

media! lofigkudinal bundles (figs. 857 95 ®)-, , , ^ ^ .* 

The auditory^ nene b aofx in texture, and is dcstuute of ncurokmma in its 
proximal part.t ‘ After leaving tht medulla oblongata it passes for^^rds across the 
posterior border of the niiddle cerebellar pedunck, in company with the facial 
nerve, from which it is partblly separated hy the labyrinthine (internal auditory) 
ar1er>% It then enterp the internal acuusiic meatus with ihc facial nerve. At the 
biitlom of the meatus it receives unc or two filaments from the facial nerv'Oi and 
splits into its and fvitihuhr parts, the distrihution of which will be described 

with the atiatoiTiy of the intcrnid cur. 

ITie cochlear and vestibular nuclei develop in ihc moM dorsal part of the ajar 
Ituuinu, and the eipdith nerve itself dueas not Ire in scries eitlrer with the ventral or with 
the donal cranial nerves (p. loSS). The mode of development of the cochlear and 
v-estibular ganglia ia conBistenl with this dlsdnction^ for their cclU of origin arc denved 
partly fmm ihe neural crest and partly from 0 dorailutcral cerodcmiat plsccHde which is 
developed in sssoeuitioii with the ectodcmi of ihc auditory pit (p. 150}. Ln ^ 

whole »eri« of tirguns, icrmcd latend line on^ns or neuromasts, develops both in the 
Iwad aud in the mink for the reception of ribmdon waves. These sense orgaiMi arc 
very nreewary for an ac^uatie life, but diey disappear In terfeatrial forms, Icavitig the 
auditury apparatus as tkrir sole survivor. The acoLialit: nen-e, iherefores occupies a 
special position amon^r tlie cnmlal nctv'es^ und the olfactof}!' nerve alone can be 
compared with it with any ^ort of junttfication. 

T\ic vestihukrand eochlear nervea, aldiough appatmtiy distinct, yel hsyc rnucJi m 
common, 'llie cochlear nene, when it leaves the labyrinth ^nd before it joip the 
s^cstibulat nerve^ cacrirs with it fibi^ from the ampulla of the posterior semicircukr 
duct and from the macula of the saccule. Winkler S baa ahowp thai some vestibular 
fibrw run with the cocliJear fibres on the lateral B*peci of the inferior cerebelkr 
peduncle and thar some cochlear fibrca tcrniinate in the lateral ve^tibukr nucleus. 
Vestibular fibres emcr into the constitution of the corpus trapezoideum and may 
reach the inferior coUiculus. I’he tw o system^, ihenforc, are not shjirply teparat^ 
ffnm each other, and the thief disrinction would oppear 10 be ihm, whereAS the main 
connext<Hi5 of the cochlear nerve are ultimately esuiblishvd with the cerebral cortex 
and so enter the drjftmin of consemuRneMp the mHin cOnncociot^F of the vestibular nerve 
are with the spinal cord arnl cetebellum. Jkuh systems inflnmce the motor nuclei 
nf the bniin-srefn and the npinal medulla, and they appear to share the subiEdtnry 
nuclei Inuderi of corptu toipevoidcum and nucleus of lateral lefruiiscus). 

Appfi^ .4flWfo#«y.“--Tbc eighth ner^^e is frequently injured, together with the 
facial nerve, in fracture of the middle fcra^a of the akulL impUcating the intemal acoustic 
meatus. The ncr^-e may be cither tom across, pTuducing permanent dcafnesa, or 
bruised or pressed upon by cxEravaoattd blctod or inliiunmatory exudation, when the 
dcafnesa will in all prolrabitity be tcEnporary. The nerve may aUo be mjured by violtmt 
blnm on the head without fracTurc of the skull, and deafness may arise from loud 
explosions^ probably from some Tea ton of this nen^c, which k more liable to be injured 
than the other cmnkt nerves on account of its structure. Tumours in the cerebellcK 
pontme angle involve the eighth and facial nerves, as they lit in relation to the 
Hocculus (figx £24) at the lower border of the pona, 

■ H. \S\ . 4 de» tmd J. M. Brookhorr, J, Nuip'opkyiioi^, 13, 1350, 

MI. W. Ades, J. Nrur&phyiwl.f 1044+ 

* H. Akn bkintier* of fry, Jnn. 

f See first faoinotep p. 965* 
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Thi- Qlosbofhmiysoexl Neh^t 953, §54) 

Tlic giossopharyngeal nerve oomalns motor and sensor^^ fibres^ It eupp!ic« 
motor tibra to the atylopharyngeui, Becretomotof fibres to the parotid gbnd, and 
eensory fibres to the pharyn-i^, the tonsil, and the posterior part of the tongiir ; it is 
also the nen c of taste for thte part of the tongue. It is attached by three or four 
hlamcnts to the upper part of the medulla oblongata^ in the [jraovc hcUvtm 
the olive and the inferior cerebellar peduncle alM>ve tiie noodets of the vagus 
ncTvt:, 

The STOsory nuclei receive the centrai prf>oesses of the unipobr nen'C-cciU in 
the superior and inferior ganglia of the iicrt'e : the fibres concerned tvitb taste end 
in the nurftiif 0/ £he tmem mltlunns (p. 954) aitd those concerned with common 
sensation, probably in the sensory nuclei of the trigeminal nerve.* 

The motor uuckus is formed by the upper part of the aifl%uar (p. 957), 

which lies deeply in the form ado reticularis of the mcdulb oblongata. It is eon- 
necled with rhe pyrainidid tract of the opposite side, and sends its efferent fibres. 10 
the sty'bpharyngtus muscle. This uiickus represents the branchial (special visceral) 
efferent column^ but it lira more deeply in the medulla oblongata than might be 
expected (fig. Sj 1 )* , . , , 

In addition, p^nmyinpathetic fibres join the motor part of the glossopJ^r^ ngeal 
ncri'c from a representative of ihe general visceral clftrcnt column which is termed 
the itifmor nucfeus. This nucleus lies in the reticular formation l>e!nw the 

superiors;di\'an' nucleus, and fiends its fibres via the tympanic branch of the glosso- 
phary ngeal nene and the tympanic plexus (p. 1279) in the lesser petrosal nerve and 
the otic ganglion, where they arc rebyed. The pi>stganKlionlc fibres pass to the 
auriculo-icmporal nerve and so reach the parotid gland (fig. 952). 

From the medulla oblongata the glossopbary^ngeal nerve forwards and 

laterally tnvvarda the triangular depression into which the aqinuductus coehl«r opens, 
on the inferior surface of ihe petrous portioti of the tcmpoinl bone. It lies at first 
under cover of the Roccuhis, and rests on the jugular tubercle of the occipital bone, 
which is sometimes groovevi by" it. It leaves the skill I by bcniJirEg sharply dDivn wards 
through the ceniral part of the jugular foramen^ anterior to the vagus Eind accessory 
Ticrvea, and in a separate sheath of dura mater (fig. 950- I n i is transi t through t he 
jugular foramen it is lodged in a deep groove leatUng fmm the triangular depixission 
for the aqiiarductus c^>chle£^ and here it ts sepaiatcd by the inferior petrosal sinus 
from the vagus and accessory nerves. The deep groove is converted into a esnal by 
a bridge which is usually composed of fibrous ti^ut, but consiscs of bone in about 
25 per cent, of skulk. After its exit from the skull it passies forwards between the 
internal jugular vein and internal carotid arteiy ; it descends in front of the latter 
vessel, deep to the styloid process and the musclea connected with it. to reach the 
posterior border of die stylopbarymgeus. It then curves forwardSp lying upon the 
stytopharyngcus musclc> and either pierces the lower fibres of the superior con¬ 
strictor of the pharynx or pa.^ses between the adjoining borders of the superior and 
middle cotistrictors (fig. 559) to be distributed to the tonsih the mucous mcnibr.ane 
of the pbarvnx and the posterior part of the tongue^ and the mucous glands of the 

... * i L 

Two gangliai named the auperiot and the inferiof, are situated on that potlioti 
of the nerve w’hich tiaverses the jugular foramen (fig, 951)^ 

The supf!Lrior gangiion is situated in the upper part of the groove in which the 
nerve is lodged during its passage through the jugular foramen.^ It is very sm^^ 
gives off no branches, and is usually regarded as a detached portion of the Inferior 

ganglion. , 

The inferior ganglion is larger than the superior ganglion and is eitualed in a 
notch in the lower border of the petrous portion of the temporal bone (p. 324). Its 
cells are typical unipolar ccUs. Their peripheral branches convey tasle and general 
sensibility from the mucous membrane of the posterior third of the tongue, including 
tlie sulcus terminal is and the vdlate papillae, and general visceral sensibility from 
the mucous liicmbrane of the pharyuxi soft palate and the fauces. 

The glossopharyngeal nerve commuiiicates with the sympathetic trunk, and 
with the %Tigus and facial nerves. 

• A. BfmJaS, rirrA. .Vm/rJ./'ux/fwn, 57i 1^47- 
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The infciiot ganglion k coanec(ed by a Rlamctit with the superior cervied 
ganglion of the sympathetic. The branches to the vagus consist of two filaments 
which arise lk>m the inferior ganglion; one joina the auricular branchi and the 
other the superior ganglion:, of the vagus. The brnncli to the facial arises from the 
trunk of the glossopharyng^ nerve below the inferior ganglion ; it perforates the 
posterior ^lly of the digaatrit: musek and joins the fadd nerve near the styb- 
tnaatoid foramen. 

The fcrfluc/ier e/ dhtrihuiion of the giossonharyngeal nerve are : tympanic, cororid,, 
pharynged, muscular^ tonsillar and llngud^ 

llic tympranic nerve arises from die inferior ganglion of the glossopharyngeal 
neiv't, and ascends to the tympanic cavity through die inferior tympanic canaLiculus 
(p, 324). fn the tympanic cavity it dirides Lnio branches which form the tympoitiV 
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ptmu and arc coniaiiied in grooves upon the surface of the promontoiy. This 
plexus gives oif; (t) a branch to join the greater petm&aL nrn'c {p. itiS) j {2) 
branches to supply the miioous membrane lining the tympanic cavity, the auditory 
tube and the mastoid dir-eclb ; and (3} the lesser petrosal nen^e. 

The Usser peirosal nnv€ contains the scerctomotor fibres for the parotid gland 
(trtj{/e infra). It enters a small canal bdow the canal for the tensor tympant musclcp 
receives a connecting branch from the ganglion of the facial nerve and reaches the 
anterior surface of the lempord bone through a small opening on the lateral side of 
the hiatus for the greater petrosal ner^T, It then passes tbrou^ the foramen nvde or 
the canaliculus Innominatus fp. 316) and pins the otic ganglion. 

I'hc carotid branchy often double, arises just below^ the skull, and descends nn 
the tntemjil carotid artery* to be distributed tn ^e wdl of the carotid sinus and to the 
carotid body. It may communicate with the vagus (infeiior ganglion or one of its 
branches) and with a branch from the sympathetic (superior cervical ganglion)^ 
Another branchy either from the preceding or from the main trunk Joins a fine plexus 
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which abo ^uppUt^ the cardtid bcidy. The other brnnehes m thb plexus spring 
from the sympathetic (auperior cervical ganglion) and the vagus (p. 1133).. 

The plwyjigesJ branches ate three or fdor filaments which unite^ opposite the 
middle constrictor muscle of the pharynx, with the pharyngca] bnmch of the vagus 
nerve and the laryngopharyngeal brandies of the sympathetic trunk to form the 
pk 42 ryng^ pUxm ; through this pkxus the glossopharyngeal nerve supplies the 
mucous niembrane of the pharynx with sensory branches. 

The muscuhir brsoch supplies the stylopharyngcus muscle. 
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The lomiJJsr branches supply the tonsil, and fomi around it a plexus with 
brunches of the lesser palatine nerves ; from this plexus libments are distributed 
TO the soft palate and the region of the faucei^ 

T^hc lingual branches are two In namber: one supplies the valLaie papillx 
and the mumus membrane near the sulcus tcrtninalis of the tongue (p, 1375) j the 
other supplies the mucous membrane and follicular glands of the posterior one- 
third of the tongue, and communicates with the lingual nerve. It is the nerve of 
special sense (taste) and of general scnaibiltty to the posterior one-third cif the tongue. 
The otic ganglion (figs^ 959 ^d 944) is a small, oval-shapedp Hattencd ganglion 
of a tcddish-giey colour^ situated immediately bebw the foramen ovale. It ia a 
peripheral ganglion of the parofiVTupathelic system; topographically It is IndmateJy 
t K 2 c,s. 
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related to the mandibular nen’e but, functionally, it is connected with the gtosso- 
pharvTigical nerve* 

li is in relation tuttraliy wStli the trunk of the mandibular ner\c at or near the 
point where it is joined by the motor root of the trigcmmalp and it usually surrounds 
the orijdti of the nerve to the medial pterygoid muscle; with the tensor 

veli paiutiiii muscle, by wluch it is separated fmm the tartilaglnous part of the 
auditory tube ' postmoriy, with the middle meningeal artery* 

'Hie mtiiuF or puFosympathiflk root of the ganglion is formed by the lesser 
petrosal nen e, which conveys preganglionic fibres from the glossopharyiigeat nei^o- 
These fibres have their origin m the cells of the inferior salivary^ nuck-as. They are 
relayed in the otic ganglion and the postganglionic fibres pass by a 
brmch to the auriculotemporal nerve. By it they are conveyed to the parotid gland 
(fig. 91; 2), to which they supply secretomotor fibres* The sympathr^ic n*of Is deriv-cd 
from the plc^viis on the middle meningeal arter\\ It contains post-ganglionic fibrea 
w'hich arise in tlie superior cen'ical ganglion and pass through the otic ganglion 
without being interrupted, Emerging with the parasympathetic fibnis in the com¬ 
municating bnuich to the auriculotemporal nerve, they are destined for the supply of 
the blood-vessels of the parotid gland. 

Branchei .—A tw ig connects the ganglion with the chorda tympani nerve and 
another ascends from it to join the nen'c of the pterygoid canal* According to some 
neurologists iliese form an additional patliww by which taste fibres from the 
anterior two-tiurda of the tongue may reach the facial ganglion without passing 
through the middle ear. The fibres concerned pass through the otic ganglion with* 
out being interrupted. Motor branchy are supplied to the tensor ^'cli palatini and 
the tensor tvmpani muscles* Tiity aFe denFedjFom ifie FTerre the mfdia! ptrry^otd 
mtffcte (p^ iioS) arid hdv^ no ^^napiic retutiwis irith the cells of the gttnglhft. 

I'he glossopharyngeal nerve is the nerve of the third branchial arch, or it would be 
more nearly exnreci to describe ir as the pmi-nremaEic branch of diat arch, llie pre- 
tremaiic branch of the ucand (hyoid) arch is probably the tympanic branch of the 
glflssopharyngeal nerve, but that is uncertaJn. Like the mgeirrinal and the facial 
ncrv'ca, die glossopharyngeal corresponds to a doisal nerv^e w'hich has acquired special 
visceral efferent fibres. 

The Vagus Ne&ve (figs. 951+ 953+ 95+) 

I'hc vsgiis nervt is composed of motor and sensniy fibrt’s, and has a more 
extensive course and distribution than any of the other cranial nerv'eSs since it passes 
through the neck and thorax to the abdomen. 11 is attached by eight or ten fi laments 
to the medulla oblongata, below the glossophaiyngcal nerve^ in the hettveen 

the olive and I he inferior cerebellar peduncle. 

^rhe fibres of the vagus neno arc connected to three nuclei in the medulla 
oblongata* (1) The dorsal nuciciss of the vagu^ is usually described as a mixed 
nucleus representing the fused general viscera! efferent and general visceral afferent 
columns, Ii lies in the eentral grey matter of the lower, closed, part of the medulla 
oblongata, and extends upwards into the upper, open, part, where it b placed under 
the vagal triangle, sepaniied from the hypoglossal nucleus by the nucleus intercalatus 
(p, 960). The moioF fibres which arise from il arc distributed to the involuntary 
muscle of the bronchi, heart, cesophagus, stomach and smaU intestineSr The parti¬ 
cular sensory fibeet which terniinate in the nucleus are uncertain, *\lthough some 
authorities regard the nucleus of the tractus solitarius (p- as predominantly a 
vagal nucleus, there is considerable evidence in favour of the view tfiat afferent 
fibres from the oesophagus and the abdominal part of the slinicntary' canal terminate 
in the dorsal vag;al nucleus (see also p. 954)- (^) Below the origin of the fibres which 

join the glossopharyngeal nerve, the nucleus ambiguus (pp. 957 and 1127) gives 
origin to ihosic fibres of tlie vagus nerve whieh are distributed to striped muscle, vis?, 
the constrictor muscles of the pharynx and the intrinsic muscles of die larynx. U 
represents die branchial (special visceral) efferent column, and its position in tlie 
deeper part of the medulla oblongata i£i attributable to neurobiotaxiE (p, 966). It is 
uncertain whether the muscles of the soft palate are innerv'atcd by the vagal part of 
die nucleus ambiguus or by the cranial nucleus of the accessory nen-e. (3) The 
lower pan of the nucleus of the tractus soliUrius (pp. 954 and 937) receives those 
fibres of the ^-agus which arc distributed through the internal Laryngeal nerve to the 
mate-buds of the epiglottis and the vallecula!. The middle part of the nucleus 
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receives the visceral afferent fibres from ihc tongutp tonail, palate and phaiynn (iX)* 
The upper part of ihe nucleus receives the taste hbres from the antenor mo- 
thirds of the tongue and from the soft palate (VH)_ 

The filaments of the nerve unite, and form a flat cord which passes below the 
flocculus of the cerebellum to the jugular foramen, through which it leaves the 
tianium. In emerging through this opening, the vagus nerve is accompanied by and 
contained in the same sheath of dura and arachnoid mater as the accessory nert'c, a 
fibrous septum separating them from the glossopharyngeal nerve, which lies in 


9S3. A diffsecrtjofii ^posing thr bmtn-Klcm and the upper part of the spfiuil 
meduUa after nenioviiJ of lar^ portions of the occipital and paririal bonei> and 
[he ccrebeUunr together with the toof of the fourth Venm'clc. 
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bveal [«tthef witli ibe veeiebnl tEHine* md the lnminK of iJse oppHite T'de. I'hd 

tant orimti ccrebclJi msmi the tnneirme urniirH hevic h«n divided Mud dlrir poilenor pariiQcu 


front (fig. 55 r). In this situation the vagus ncr^c presents a weU-marked 
enlargement, named the iupnif?r ganglion. After its exit from the jugular fbramcri 
the \'ngiis nerve enlarges into a second swelling, named die mferuTr ganghon^ 

The superior ganglion is of a greyish colouj^ sphericaJ in form, about 4 mir], in 
diameter. It is joined by one or two delicate filaments with the crania! root of the 
accessory^ oert^e ; it is connected by a twig with the mfenor gangiion of the glosso- 
phaiyTigeaJ nerve, and with the e^tti pathetic trunk by » filament from the superior 
cervical ganglion ; the auricular branch of the ganglion gives off an ascending twig 
which Joins the facial nerve (pn jmST 
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The inferior ganglion is cylindried in form^ of a reddish colour:, ^'5 
long. It is connected with the hypoglossal ner^Cp the superior cervical ganglion of 
the syini^thetic trunks and the loop between the first and second cervical nerves. 
T}se cranial root of the acccsson' nen e passes over the ganglion, but is attached to it 
by fibrous tissue onIj\ 

Beyond the inferior ganglion the cranial root of the accessory nerve blenda with 
the vagus nerv'c ; its fibres are distributed principally to the phaiyngeal and recur¬ 
rent laryngeal branches of the vagus ner\'e. 

'l^he cells of both ganglia are unipolar^ like the cells of a spinal ganglion. 'The 
Buperior ganglioo is concerned with general somatic sensibility (auricular branch) ; 
the uifcrior ganglion is concerned with special visceral sensibility (tastep from the 
mucous membrane of the epiglottis) and general visceral sensihiJity from the larynx, 
phar)'nx, heart, lungs, ^^sophagus, fitomach and small mtestine. 

The vagus nerxe passes vertically down the neck wiLhiji the carotid sheath^ lying 
between the internal jugular vein and internal carotid artery^ as far as the upper 
border of the thyroid cartilage^ and then between the same vein and the common 
carotid artery until it reaches the root of the neck. The further etjunse of the nerve 
differs on the two sides of the hody+ 

On the righi jidr the vagus nerve continues downwards behind the intemal 
jugular vein and crosses the first part of the subclavian artery- It enters the thorax 
and descends through the superior mediastinum, lying at first behind the right 
brachiocephalic vein, and then to the right of the trachea and pastcromcdLal tn the 
right brachiocephalic vein and the superior vena cava. The right pleura and Jung 
are lateral to the nen'C abovCp but arc sepji rated from it below by the a?vgo£ vein, 
which arches fonvard above the rCKlt of the right lung (fig, 767). 

The nerve nest passes behind the right bronchus to reach the posterior aspect of 
the root of the right lung, and there breaks up into posterior bronchial branches^ 
wluch unite with filaments from the second, third and fourth thoracic s)Tnpathetic 
ganglia to form the right postmor pulmmary pUxus. From die lower part of this 
plexus two or three branches descend on the l^ck of the ccsopliagus, where, with a 
branch from the left vagus, they form the posterior part of the i^scphogral pfexus \ 
from this ple.xus a trunk ia re-fo'rtned which is continued behind the owphagus to 
cnier the abdomen through the frsophageal opening in the diaphragm. This nerve- 
crunk contains fibres from both vagus nen-es. 

in the abdomen the posttrhr vagai trutik divides into a small gastric and a large 
ceeliac branch. The gastric branch supplies the poatero-infeiior surface of the 
stomach with die exception of the pyloric canal. The cmliac branch ends chiefly 
in the cmliac ganglia, but sends twigs to the splenic, hepatic, renal, suprarenal and 
superior mesenteric plexuses. 

On the Ipft side ^e vagus enteis the thorax between the left common carotid and 
left subclavian arteries, and behind the left brachiocephalic vein. It descends through 
tbesuperior mediasiinum, crosses the left side of the aortic arch and passes behind the 
root of the left lung. Just above the aortic arch the nerve is crossed superficially bv 
the left phrenic and on the arch by the left superior intercostal vein (fig, 997). 

Behind the root of the left lung ii divides into posterior bronchial branches, 
which unite wkh fibments of the second, third and fourth dioradc sympathetic 
ganglia and form the (eft fa^stmor puiTrtonary plexus. From this plexus 1 w-o branches 
descend on the front of the esophagus w here, w ith a tw ig from the right posterior pub 
monaiy plexus, die v form the anterior part of the ossophi^eatpkxus ; from this pl^us 
a trunk, containing fibres from both %agus nerves, b continued in front of the ccso- 
phagus, and enters the abdomen through the msophagea] opening of the diaphragm. 

In the abdomen the nafersoF viigaf fnsnk supplies twiga to the cardias antrum, 
and then divides into right and left groups of branches. The fibres of the left 
group follow' the lesser cun-ature of the stomach and supply the antcrosuperior 
surface of this viscus. The right group consists of three main branchca. The first, 
which may be duplicated, runs between the layers of the lesser omentum towards the 
porta hepatis^ and divides into (tj) upper branches which enter the porta hepads and 
{ft) lower branchts which supply chiefly the pyloric canal the pvlorus, the superior and 
t he descending parts of the duode num, and the head of the pancreas. 'I hesecond branch 
is distributed to the anterasuperior surface of the body of the stomach ; the third 
branch follow^ the lesser cun oture of the stomach as far aa the inckuni kngulari& • 
* E. D'Arcy W Crea, Jt. Anat, 59^ 19-4^ 


THE VAGUS NERVE 


1 m 


The branchf^ of the 

In the jugular faa3a 


In the neck 


In the thorax . 


In the abdomen 

The mcEungcal branch spring;^ fram the superior ganglion of the vagu? nerve 
and is distribute tP the dura mater in the postedor fosaa of the skulh 

The aiiricular branch arises from the aupertpr ganglion of the vagua nerve, and 
b Joined soon after its origin by a filament from tlie inf^erior ganglion of the glo^- 
phatyngeal; it passes behind the internal jugular vein, and enters the masstoid 
c^inaliculus on the bteraJ wall of the jugular fossa. Traversing the substance of the 
temporal bone, it crosses the canal for the facial nerve about 4 mm. above the stvlo- 
mastoid foramen, and here it gives olF an ascending branch which joins the facial 
nerve. It then passes through the tympanomastoid 5 ssurc, and divides into two 
branches; one joins the posterior auricular nerv'e, the oUier is distributed to the 
skin of part of the cranial surface of the auricle and to the posterior wall and the 
fioor of the external acoustic meatus simJ to the adjoining part of the outer surface 
of the tympanic inembrane+ 

The phaiyrngeal branchy which is the principal motor nerve pf the phaiyrtx, 
aris^ from the upper part of the inferior ganglion of the vagus nen'e, and consists 
principally of filaments from the cranial root of the accessory nerve. It passes 
between the external and internal carotid arteries to the tipper border of the middle 
constrictor muscle of the pharynx, where it divides into numerous filaments w'hich 
join with branches from the sympathetic trunk, the glossopharyngeal and external 
Laryngeal nerves, to form the plexus. Through this plexus vagal fibres 

arc distributed lo the muscles of the pharynx, and ihc muscles of the soft palate, 
except the tensor veli palatini. A minute filament joins the hypogloFisal neriiX as the 
latter winds round the Dccipilal artery, and is often termed the rowiir irngualts migi. 

The brunches the carotid body arc minute and variable in number. They may 
spring from the inferior ganglion or they may travel cither in the pharyngeal hraneh 
or the superior laryngeal ncr\-e. 

I’he BUpertor laryngeft] tiervct which is larger than the phaiymgeaJ branch, 
arises from the uiiddlc of the inferior ganglion of the vagus nenx* and in its 
course Fccei%'es a branch from ihe superior cer\ncal ganglion of the sympa¬ 
thetic trunk. It descends, by the side of the pharynx, first behind, and then 
medial to the internal carotid arteiy, and divides into the internal and external 
lar^mgeal nerves. 

The mtrrnal iary^ugcat nerve is sensory' to the mucous membnme of the larynx 
as far down as the level of the vocal folds. It descends to the thyrohyoid membrane, 
pierces this membnine at a higher level than the superior laryngeal artery, and 
divides into an upper and a lower branch. The upper hnmdi is directed horizon¬ 
tally, and supplies twigs to the mucous membrane of the pharynx, the epiglottis, 
the vallecula and the vestibule of the larynx. The lower branch descends tn the 
medial wall of the piriform recess, and gives hronchea to the ary epiglottic fold, and 
to the mucous membrane on the back of the arytenoid cartilage. It also supplies one 
or two branches to the arytenoideus mnscki and these branches unite with twigs 
from the recurrent laiyngeid nerve to the some muscle. The Internal laryngeal 
nerve ends by piercing the inferior constrictor muscle of the phary nx, and joining 
with an ascending branch from the recurrent laryngeal nerve.^ 

^ T. F. M, Di 3 worthy y. 56, igir* 
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The extfmal laryngfal nerve, which is the smaller of the two, descends under 
cover of the stemothyroid muade in company with the superior thyroid artery but 
on a deeper plane; it lie* at first on the inferior constrictor muscle of the pharynx, 
and then, piercing that muscle, winds dosety round the inferior thyroid tubercle 
and reaches the cricothyroid muscle, which it supplies. It gives branches also to the 
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pharyngeal plexus and to the inferior constrictor i behind the oonurian carotid 
artery k Communicates with the superior cardiac nerve. 

*rhe recurrent laryngeal nerve as TO its origin and course^ on the two 

sides of the body. On the nghi side it arises from the vagus nerv^ in front of the 
first part of the subclavian arter>'; it winds from before bachw^ards round that vessel* 
and ascends obliquely to the side of the trachea behind the common carotid arteryv 
Near the Icrtver pole of the lobe of the thyroid gland the nerve is alvra>‘S intimately 
related to the inferior thyroid artery ; it may cross either in front of or Lkchind the 
vessel p or may pass behveen its branches. On the kft side, it arises from the s^gus 
nerve on the left of the arch of tlic aortip and wdnds below the arch immediately 
behind the attachment of the Itgamcntum artcriosum to the concavity of the archp and 
tJicn ascends to the side of the trachea. The nerv^e on each side ^cends in or near 
the groove between the trachea and ensophagust a^d is intimately related to the 
medial surface of the th^itiid gland before it passes under the louver border of tlie ifi^ 
ferior constrictor muscle and enters the larymx behind the articulation of the inferior 
cornu of the thyroid with the cricoid cartilage. It gives branches to all the muscles 
of the laryn^p excepting the cricothyroid ; it communicates with the internal laryn¬ 
geal nerve* and supplies sensory hlamcnts to the mucous membrane of the laryiut 
below the level of the vocal folds. 

As the recurrent laryngeal nerv'e hooks round the subclavian artery^ or the arch 
of the aorta, it gives several cardiac filaments to the deep part of the cardiac plexus. 
As it ascends in the neck it gives branches, more numerous on the left than on the 
right side, to the mucous membrane and muscular coat of the rssophagtis; branches 
to the mucous membrane and muscular fibres of the trachea: and some filaments 
To tlie mferinr constrictor muscle* 

The cardiac branches* two or three in numbert arbe from the v-agus nerve at 
the upper and louver parts of the neck^ The upper hmuehes are small, and join with 
the cardiac branches of the sympathetic tnink+ They can be traced to the deep part 
of the cardiac plexus^ 

The /oK^r branches arise at the root of the neck. I'hat from the right vngus 
passes in front or by tlie side of the brachiocephalic artery, and proceeds to the deep 
part of the cardiac plexus ; that from the left runs down across ihc arch of the aortSp 
and joins the superiicial part of the cardiac plexus. 

Additional cardiac branches arise fmni the trunk of the right vagus nen'e as it 
lies by the side of the trachea* and from both recurrent laryngca] ncn'CS. They 
end in the deep part of the cardiac plexus. The cardiac plexus is described on 
p. 1214. 

The anterior pulmonary branches, two or three In number and of small sise* 
are distributed on the anterior surface of the rfxst of die lung* They join with 
filaments from the sjmipaihccie* and form the attterhr ptilmmaiy plexus* 

The posterior pulmonary brancheSi more numerous and larger Uian the 
anterior, arc distributed on the posterior surface of the root of the lung; they are 
joined by filaments from the third and fourth [sometimes also from the first and 
wcond) thoracic ganglia of the sympathetic trunk, and form the posterior puimotfory 
pifxm. Branches from this plexus pcconipany the ramifications of the bronchi and 
supply tlieir constrictor musdes. 

The oesophageal branches are given off both above and below the pulmonary 
branches j the lower arc more numcrons and larger than the upper. They form* 
as already described (p. ti^a], the tesophageai piexus. From this plexus filaments 
are distributed to the cc$t»phagus and to the back of the pericardium. 

The gastric branches are distributed to the stomach, the anterosupedor surface 
of which is mainly supplied by the left vagus, and the posterq-inferior surface 
mainly by the right* The gastric branches somedmes form anterior and posterior 
gastric plexuses. " The pyloric canal, sphincter, and first stage of the duodenum 
receive their ocn'e-suppiv from above* teeeiving twigs from the vagal branches to the 
liver” (M'Crea). 

The cceliae branches are derived from the right vagus; they join the cnrliac 
g^ghan. 

The hepatic branches arise from both vagus nerves (p. 11^2) ! they join the 
hepatic plexus and through it arc conveyed to the Uver. 

The renal branches arise from both vagus nerves and join the renal plexus 
(p. 1217). 
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The vaguA \i. a eompoeUc nen^e and ha? been fonned by rhe of ft number of 

dorsal Ticr^'cs. It innen'titea the fourthp fifih and sisth bronchial arched, but, m view 
of the presenre of the Jjirge inEestiiud riunus Ln the nerves of alJ hahes^ ft i$ 

impossible to speak with confidence as to the driffmaJ number of iia constituents. 

It is interesting to observe that although the seventh md ninth cranial nerves have 
lost their sotnodc afferent component, it atUI nerssists in conne^don with the tenth 
nen Cj aa it^ auncular branch, "llicre arc, howev'er* aomc good grounds for suppiosiiig 
that its afferenl fibres terminate in the nueleus of the spinid tract of the trigeminai 
nerve. However that may be, it is Certain that imtation of the temiinal twijp of the 
auricular bneinch in the external acoustic meatus is capable of producing an efferent 
vagal response. 


Apphal Anntomy.—Thc trunk nf the vagus Js rarely ir^ured, but the functions of 
the ncri e may be interfered with by damage 10 its nucleus of origin in the med ulla ; by 
thickening ur growth from the meninges or bones, or aneurysm of the basikr artery, 
before its exit from the skull ; injuries such as gunshot or punctured wounds in the 
neck or injuries during such operations as liganirc of the carotid artery, removal of 
tuberculous glands or other deep-seated tumouTS. The vagus may ako be compressed 
by aneurysms of the carotid arceiy, and its deep origin becomes affected in bulbar 
pamlysis. The symptoms produced by paralysis of the nerve are palpitation, with 
increased frct|ticncy of the pulse* constant vomiting, slowing of the respiration, and a 
sensation of suffocation. 

■ Relieves * in connexion with the branches of the vagus are not infrequent. The 
' ear cough " is perhaps one of the commonest, where a plug of wax in the ai^uatic 
meams may. by irritating the filaments of the auricular nerve, be rcspomtfble for a 
pcmiicnt cough. Syringinf! the ntcmal acaustic meeius fretjuejiily produces cough 
and, in children, tiomiting is not unoammon u the result of such a prneedurc ; more¬ 
over, in people w'ith wealf hearts, syringiiig iJic car has been responsible for a'sudden 
fatal syncope, by rtflM im ration of the cardiac branches. .Another very cofrwnon 
cicamplc IS the persistent cough ivhich is frequently due to enlarged bronchial glands 
in cMdren, the imtation of which js referred lo the superior laryngeal filaments 

Tlie anatomy of the lo^fieal nerves is of importance in considering some of the 
morbid conditions of the krjTix. When the peripheni terminations of the superior 
l^uBCal iicnx arc irritated by some foreign body passing os^r them refle* spasm of 
the glottis IS the result. When its trunk is premied upon by, for instance, a coitre or an 
tmeurysna of the upper part of the carotid, there is b peculiar drv, brassy cough WTien 
the nerve i» paralysed, there u auMthcsia of the mucous membrane of the loryni so 
that foreign bodi« can readily enter the cmity, and. as the nerve also suppLes the crico¬ 
thyroid muscle the vocal foltk cannot be made ten«, und the voice » deep and hoarte. 
^lyats may tie the result of bulbar paralj-sw ; may be a sequel to diphtheria when 
both nenw arc usually mmlvcd ; or it may. though less commonly, be caused bv the 
pressure of tumours or wieuiy-sms. when the paralysis is generally unilateral Ireita- 
t^ of the recurrent arypgea nerves produces spasm of the muscles of file kryns 
When botJi recurrent laryngi^ nerees are paralysed, the vocal folds are motionless, in 
^e “-piled, cadaveric (wsition —that is to say. in the position in which they are 
found m o^ina^- t™quil respiration ; neither closed as in phonotion nor widely 
o^n as m deep impiratoiy efforts. \Vlien one recurrent laryngeal nerve is paralysed, 
*e voi^ fold of the sai^ side is motionleM, while the opposite one crosses the mc^ai^ 
plane to accommodate itself to the affected one ; hence phonadon is possible but the 
™ce « altered and weak in dmbre. Puralys^^ of ,he adductor muscles of the liryn* nn 
both sides IS quite common, and i, usually functional in nature. The voice is reduced 
to a. whisper, but the power of ODup^hing Is preserved. 


Tire Accf-S 50 HV Kervt; (figs. 951, 953, 

The acc^rj' nerve is fo^cd by the union of cranial and spinal roots. It 
repre^nts the separated cautial rootlets of the v^pis, but the stparation is only 
partial fonts constituent parts are associated with each other only for a very short 
prt of their conise before the cranial part joins tlie vagus to bo diiiributcd through 
Its branches. It li. however, both cuatomarv and convenient to describe it as a 
separate eraiuoi nerve. 

The root is the smaller ; its fibres arise from the oella of an dongated 

nucleus which la continuous above with the lower end of the nucleus ambimius 

957). 1 hey emerge 33 four or hve delicate rootlets from the dde of the midulla 
Oblongata. Mow the roots of the s^gus. The nerte runs laterally to the jugular 
foramen, where it interchanges fib™ with the spinal root or becomes united to it 
Jor a short distance; here it is also connected by one or two filaments with the 
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superior ga^g^lion of the vag^. It passes through ihc jugular foramen, separates 
from the spinal portion, and is continued over the inferior ganglion of the vagus, to 
thcsutfaei; of which it is adherent It is distributed principally by the pharyn¬ 
geal and rrcurrcnt laryngeal branches of the vagus. It is probably the source 
of the motor fibres which run in the former to supply the musdra of the soft 
palate, with the exception of the tensor veU palatini- Some filaments from it are 
conlinued into the trunk of the vagus below^ the ganglion, to be distributed with the 
recurrent laiyTigcaJ nerve and pc^ibly also with the cardiac nerves. 

The spinaJ root is firm in texture, and its fibres arise from an elongated nucleus 
of motor cells which is situated in the lateral part of the anterior grey column of the 
spinal medulla, and extends downwards as low as the level of the fifth ctrrAncail nen'C. 
Passing through the lateral white column ofthcspinal medulla, they emerge on its surf¬ 
ace mid W'ay between the ventral and dorsal nerv'e-roots of the tipper cervicd nerves 
(fig. 951). and unite to form a trunk, which ascends between the ligamentum den- 
ticulatum ^nd the dorsal rooLs of the spinal nerves, and enters the skull through 
the foramen magnum, behind the vertebral artery (fig* 955). It i& then directed 
upwards and laterally to the jugular foramen, through which it passes in the same 
sheath of duni mater as the i^'agus nerve, but scrpaiated from tliat nen c by a fold of 
the arachnoid mater. In tJie jugular fommeu, ii receives one or two filaments from 
the cranial r^jot, or else joins ti for a short distance and then parts ftrom it again. At 
its exit from the jugular foramen^ it runs laterally and backwards posierior lo the 
internal jugular vein in about 6fi percent, of subjects, and anterior to it in about 33 
per cent- (Tandier)^ In this situation the accessory nen'e crosses the tninsversc 
process! of the atlas and is itself crossed by the occipital artery. The ner%'c then 
descends obliquely, passing deep to the styloid process, the st)'lohyold muscle and 
the posterior belly of the digistrie. AecompMmLcd by the upper stemomastoid 
branch of the occipital artery\ it reaches the upper part of the sternomastoid and 
pierces its deep surface, supplying it and joining w’ith branches from the second 
cervical nerve. Emerging above the middle of the posterior border of the stemo- 
mastoid, the nerve crosses the posterior triangle of the neck lying on the legator 
scapuhe muscle (fig. 945), from which it is separated by the prevcrtebral layer of 
the deep ocrvical fascia and the fatty tissue whkh occupies the triangle. Here it 
is comparatively superficiah being related to the superficial cervical lymph nodes 
and receiving communications from the second and third ccnical ncn’K- Finally^ 
about 5 cm- above the clavicle, the acce^ry nerve disappears under the anterior 
border of the trapezius and, together with branches from the third and fourth cer¬ 
vical nerves, forms a plexus on the deep surface of the muscle. From this plnvus 
the trapezius receives its innervation, I’he course of the accessory^ nerve in the 
neck can be represented by a line drawm downwards from the lower and anterior 
part of the tragus to the tip of the transverse proct^ of the atlas, and then down- 
w'arda and backwards, across the deration produced by the sternomastoid muscle 
and the depn^ion corresponding to the posterior triangle of the neck, to a point on 
the anterior border of die trapezius 5 cm. above tlie clavicle (fig+ 7^5)- 

Appitfd Anatomy .—^Tht functiona of the acoessaiy nerve may be interfered with 
by central changes ; or at its exit from the skull, by fractures running across the 
Jugular fonirnen \ nr in the Oieek, by infhimrd lymph nodeSi etc. The acute wiy-neck 
in children is most commonly due to inflamed or suppurating lymph nodes, [ind 
rapidly subsides with appmpriatc Trcocmeni. CcniTn! irritadon cau.sc-i clnnic spasm of 
the stemomastoid trnpexius muscles, on as it is termed, spasmodic Lorticollis. In 
pf this affection in which all previous palliative treatment has failed, and the 
spasms are so serv'ere a$ m unJetminc the poiienfs health, diviaion or exciaipp of a 
portion of the accesfioiy^ ntrve has been resarted to. 

In Cases where extensive dissceiiutis arc undertaken in the posterior iriimi^le of the 
neck for the excision of tuberculous nodes, it Is essential that this nenx should be 
soupjht at the outset and isolated from the iruiss of jnfiotneej nndeg so as to preserve its 
continuity. 


Tm Hypocl 0S3 ai. Nkkvh (figs. 955, 956) 

The hypoglossal nerve is the motor nm e of the ton gue. 1 1 is in scries w 1 tti the 
thirds fourth and sixth ctimial nerves and the ventral nerve-roota of the spinal 
nerv'es, and represents the fu.^d ventral roots of, probably, four prccervicaJ or 
Bpino-occipital nerv^ea, the dorsal roots of which have disappeared entirely^ 
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The nucJeus from which its fibres arise is in line with the base of the anterior 
grey column of the spinai cord. This nucleus is about 2 cm. long, and its upper 
part corrcsirands with the hypr^lossol triangle of the floor of the fourth ventricle 
(P* 987)' lower part of the nucleus extends downwards into the closed part of 
the medulla oblongata, and there lies in the ventral part of the central grey matter, 
close to the median plane (fig. 829). It occupies the position of the somatic efferent 
column and therefore lies ventiimcdial to the dorsal nucleus of the vagus (fig. 831). 
'J'he fibres run forwards through the medulla oblongata, and emerge through the 
anterolateral sulcus between the pyramid and the olive (fig, 824), 

'rhe rootlets of the hypoglossal nerve run Utcitilly behind the vertebral artety, 
and are collected into nvo bundles, which perfomto the dura mater separately 
opposite the hypoglossal (anterior condylar] canal in the occipital bone, and unite 
together after their passage through it; in some cases the canal is divided into two 
by a small bony spicule. The fact that each bundle aerfuires a separate sheath from 
the dura mater is confirmatory evidence of the composite character of the nerve. On 
emerging from its canal the nerve lies on a deeper plane than the internal jugular 
vein, the internal carotid artery, the ninth, tenth and eleventh cranial nerves. It 
passes laterally, with a downward inclination, behind the internal carotid arterv 
and the glossopharyngeal and vagus nenea to gain the interval hetwecit the artery 
and the miernal jugular vein. In this part of its Course it makes a half-spiral turn 
round the inferior ganglion of the vagus, to which it is united by a mass of connective 
tissue. It then descends almost vertically, lying between the vessels and in front of 
the vagus nerve, to a p<ijni corresponding witlj the angle of the mandible, and 
^comrs superficial below the posterior belly of the dipistric muscle, emerging from 
between the internal Jugular vein and the internal carotid artery. The nervx then 
loops round the lower stemomostoid branch of the occipital iwicr>' (p, 745) and 
having crossed the internal and external carotid arteries, it cros,ses the loop of the 
lingual artery' a little above the tip of the greater cornu of the hyoid bone (fig oes] 
being itself crossed by the facial vein, h inclined up»vatds as it runs fontlrds on 
the hyoglossus muscle, passing deep to the tendon of the digastric, the stylohyoid 
and the posterior border of the mylohyoid muscle. In the interval between the 
hj^lossus and mylohyoid muscles the ncrvir is related above to the deep part of the 
submandibular gland, the submandibular duct and the lingual nerve. It passes 
next on to the lateral aspect of the gcntoglossus and is continued forwards 
in Its substance as far as the tip of the tongue, distributing branches to the 
miisclu. 


'I’hc hypoglossal nerve eot»mumeau$ uitk the sympathetic trunk, and with the 
vagus^ firei ana second cervical, and linf^unl ncn'cs. 

Opposite the atlas the nerve receives branches from the superior cervical 
ganglion of the sympathetic trunk, and at the same level is joined by a filament 
tom the limp connecting the first and second cervical ncrv>cs. This filament soon 
leaves the hyiioglosaal and descends as the apper root of the ama cmkaHs (tv* 

I’hc communications with the vagus nerve take place close to the ^ulL numerous 
filaments pa^mg betvvcen the hypogloi^ nerve and the inferior ganglion of the 
vagM nerve through the mass of connective tissue which unites them. As the nerve 
winds round the ^xcipital artery it receives a filament from the pharyuficaj plexus 
whidi IS termed tlie ramm tingualU vugi (p. 113a). ^ ^ ^ ’ 

Ne^ the onteriew border of the hyoglossus it is connected with the lineual 
nerve by numerous filaments which ascend upon the muscle. ® 

The branefm of dutrihulhn of die hypoglossal nerv'c are :* 


Mcningral, Thvrohyoid. 

Descending. &Tiiscular. 


Meningeal brandy. As the hypoglossal ncrv'c posses through the hvoo' 
glossal canid n gives off a recureent branch whieh is distributed to the diploCof 
the occipital bone and to the vi-alls of the occipital sinus ^ ^ 

m descend^ branch leaves the hypoglossal nerve where the latter turns 
round the occipital artery^and descends in front of or within the sheath of the carotid 
v^lB, It contains no tibres from the hypoglossal nucleus, but only fibres from 
C t, which constitute the upper root of the ansa cervicalis. After giving a branch to 




THE HITOGLOSSAL NER\^ 

the superior belly of the omoKyaid mujck, this dcn'E is joined by the nenus 
dcscendens cersicalis from the second and third cervied nenm The union of the 
two forma a Joopj which h termed the ama cark&fts but was long blown as the attsa 
Aypoglossi . From the convexity of t his loop branches pEiSs to supply i he sternohyoid ^ 
the sternothyroid and the inferior belly ot the omohyoid tmiscle* Another hlament 
has been described which descends in front of the veisstls into the thoraXp iind Joins 
the cardiac and phrenic nerves* 


^ 10 , gjj:,—A diAaection to show the distribution of tlw right hypogEo^ 

nen'Sp md the position, consiirudon njid muib of the brauchta of the ceniiml 
plexus oX the righ t • jd«. 


4 p^fiHV PI. 





4 P1H ttreiMiii 


Mijhniof of 
fltLm wtuMTU 

C.i 


n. 

m. 

<i'|£ii 4 iuj 44 -rV’W»l n. 

lifugimi ff. 


GituiAjPiiirf m.. 


it *i_ 


t^eriw oupulriftfli/ m 


ItWF 9rtipiM 

and 

*iT. 




C.Z 


The nerve to the thyrohyoid arises from the hypoglossal ntn^c near the 
posterior border of the h}X3glDssus i it runs obliquely across the greater oomu of the 
hyoid bone, and supplies the thyrohyoid muscle. 

The muscular branches arc distributed to the styloglossus^ h>-og]ossiiA, 
geniohyoid and genloglossus muscles. Numerous slender branches pass upwards 
into the substance of the tongue to supply its intrinsic muscles. 

AppUtd A —The hypoglossal nerve is an importanl: guide in the operation 
of ligature of the lingual artery. It runs forwards on the hyoglossus just al»ve the 
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grcAUr ct?m« of the hyoid hone, and forms the upper boundaxy of die trian^ar space 
in which the artery h Co be sought hy cutting duotigh the hhrea of the hyoglowis^ 
In ewes where the nerve is involved by (pxmma or ninv growth of the base of the shull^ 
or where it has been injured on one aide of the nedc, or in sotne cases of bulbar 
paralysisp unilntcrsil poralysla^ together with hemiatrophy of the tongue, results; the 
tongue^ when pratruded, being directed to the paraly$ed side owing to die unopposed 
A^on of the muscles of the opposite akJe. On retraction, the wasted and pamiysed 
side of the tongue rises up higher than the other. The larynx may deviate towards the 
sound side on swallowing, from die unilaterml paralysis of the depfesaors of the hyoid 
bone. If the paralysis is bilDterah the result of R buUet wound of the suprahyoid 
region, the tongue Uea motionless in the mouth ; taste and tactile sensibility cl the 
organ are perfect, articulation is slow and sticky \ awwIJowing is very difficulty and the 
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Fin. 956.—A plan of the right bypogliwaal nerve. 
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fwtient hwi to throw hia hea 4 backwards and piwh the bolus of food bach into the 
phorynK with his finger before he con swallow it. 


THE MORPHOLOGICAL RELATIONSHIPS OP THE 
CRANIAL NERVES* 

It is now i^ible to Rtoup the cranial nerves in a manner which confoims better 
With then- phylogenetic history and with dieir individual components. At least three 
probably four, and possibly hve groups arc necessary, * 

Croup I includes the third, foimh, sixth and twelfth cranial nerves. The» all 
arise the cells of die somatic efierent column, and they are distributed to die 
musculature denved from the cranial myotomes. They correspond, tbeiefoie to the 
ventral nerve-raots cd the Spinal nerves, and with the exception of the four^ they 
onerge from the brain ■stem, in line with them, 'i'lie idcntilicatron of the individual 
wgments with whi A each nerve is assodated is a matter of considerable dilheulty and 
IS not susceptible of proof in the present state of our knowledge, ftw the precise number 
of segments repraented by the head is still iinci-rt..iT> (p^ ]23). 

* For Analysis of the Cranial Nervra, we pp. 1 j42-( 143. 


THE SHNAL NERVES 1141 

Gtdup 11 include? the fifth, seventh, ninths tenth qnd eleventh crtmlal nerves. 
These nerves were concerned with the innervation of die brsnchisl arches, and they 
arc placed in series with the nerve-roots of the spinal nerves. They differ fmrn the 
latter in possessing motor root? which are distribuiifd tn the musculature derived 
from the neural crest {p. 128) and the latcrsl rnessnlcrmic plates of the branchial region. 
Some of these cranmi nencs (ihc fifth, tenth and eleventh), arc compound nerves and 
have been formed by the fusion of r^va or more dorsal nerves (p. loSS) I n the process 
cutaneous branches, originally connected with the seventh, ninth and tenth nerves, 
have been taken over by the fifth, an that these nerves in man bear but little resem* 
blancc to their homologuea in the lower forms of vertebrates and still less to the 
dorsal nerve-mots of the spinal nen'cSr 

On account of the complexity of thejr eomponents, each nerve may possess more 
than one nuckt^s of origin and more than one nuelcua of lennination. It ts note¬ 
worthy that the cells of the ganghori of the seventh, the inferior gaii|:>lion of the ninth 
and the inferior ganglion of the tenth nerve, though derived to a large CKtenr from 
the neural crtsij owe their origin in part to ectodermal epjbranchial placodes which 
develop at the dorsal ends of the first three branchial clefts in close relation to the 
ganglia {p. 144). 

Although there are certain difficulties in the way, the homologies of the nerves in 
Groups 1 $nd tl arc generally accepted, but the allocation of the three remaining 
cranial nerves is entirely uncertain. On account of St? mode of development, the optic 
nerve is usually regarded as having nothing in common with any of the other cranial 
nerves except its function as a special somatic afferent. The cells of the retina, frnen 
which its fibres are deriv^ed, really constitute an outlying part of the brain, although it 
may be urged that they ate derivadvr^? of the forerunners of the neural crest cells. 

The oifactory and rhe eighth nerves may be grouped together or separately, or the 
eighth nerve be regarded as being homologous with a doriLal ner^e. Btnh 
nerves ttrise, in part at least, from ectodermal cells outside the area of the neural tube 
and crest, but whereas the olfactory cells remain intctcabied amongst the epithelial 
cells of the nasai mucous membrane^ the auditory cells migrate a short distance away 
from the ode vesicle. It must be explained, however, that many authorities believe 
that the contribution made by the neural crest is responsible for the formation of the 
w'hole of the eighth nerve ganglion, and on tht? account they prefer to regard the 
staroaeoustic as b modified dorsal neo^e. In comparing the olfactory and auditory 
nerves it must be remembered that the olfactory nerves are rCsm'crcd in all forms to the 
re^on of the head* whereas the auditory nerve in man is the sole survivor of a whole 
scries of netvea of the organs of the lateral tine, which in lower forms arc distributed 
not only to the head but also to the whole length of the tnmic. Hjcrc is, therefore, 
considerable justificarion. for the allocation of the olfactory and statoacoustic nerves to 
separate groups. 


TfiE SPINAL NERVES 

The spinAl nerves ojisc ici series from the sides of the spinal cord and einergc 
through the mtervertebraj fotamina. Each ner^^e is formed by die union of an 
ventral (motor) and a dors^il (sensory) nerve'inooij but these roots perforate the 
spinal dum mater independently before they unite (fig. 922), an indication that the 
t^vo ners^e-roots originally remain separate throughout their course (p* ioSB)+ Ab 
they emerge from the intcrv^citebral foramina the spinal nerves obviously possess a 
segmental character, but this feature is much less conspicuous in the oonnexions of 
the nerv^-roots with the spinal cord. The ventral nen'e-roots arc the axons of the 
large motor cells of the anterior grey column* and arc derivatives of the cells of tlic 
basal lamina of the neural tube. On the other hand, the dorsal nerve-roots are 
the central branches of the axons of the unipolar cells of the spinal ganglia, and are 
therefore deriAntivcs of the neural crest (p- 12S). 

The spinal ncr^^cs number thi^t>’-^^ne pairs, which are grouped as follows: 
cer^'icaJ, 8 ; thoracic^ 11; lumbar, 5 : sacral, 5 ■ coccygeal, i. The abbreviations 
C., T., L., S. and Co., followed by the appropriate numeral* are commonly used to 
identify the individual nerv^cs. 

The first cervical nen^e emei^ea from the vertebral canal between the occipital 
bone and the atlas vertebra^ therefore called the Ntboeeipital flm'f { the eighth 
issues between the seventh cervical and first thoracic vertebra. 

Nerve-roots*—^Each nerve Ls attached to the spinal cord by a ventral and a 
dorsal root (p. 945), the latter being characterised by the presence of a ganglion, 
w^hich is termed spin^tl ganglion. 

(Centinii^ on p. 1144,) 
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The venural (anterior) root citier|;es from the anterior surface of the spinal 
cord as a number of rootlers or Rkments, which coalesce to form two bundles near 
the intervertebral foramen. 

'I'hc dorsal (posterior) root (except that of the first cervical nerve) is Eareer 
ihw the ventral; its rootlets are attached along the posterolateral furrow of die 
spinal medidla and unite to foma two bundles, which join the spinal ganglion. 

The spinal ganglia are TOllectiona of nervc-cclla on the dorsal roots of the 
spinal nervea. liacli ganglion is oval in shape, reddish in colour, and its siie bears a 
proportion to that of the nerve-root on which it is situated ; it is bifid medially 
where it is joiiied by the two bundles of the dorsal nerve-root. The ganglia are 
usually placed in the intervertebral foramina, immediately outside the points where 
the nerve-roots perforate the dura mater (fig, 95S), but the ganglia of the first and 
second cervical nerves He on the vertebral arches of the atlas and axis, and those of 
the sacral nerves are Inside the vertebral canal, and that of the coccygea! nerve is 
Within tlie shi^th of dura mater. 


957.— Diflurwnt of ihe centraE conneicjcnt of thq »avnatii2 (A) mad 

iympathcnc fibre* (fl) qf i typical *pinAl nerv*. AJTmnt fibrei* tint ‘ 
+;;qiin(£tqr bLuk, and efferent ftbrea, r^d. 



The ganglia of the first pair of cerv-jcal nerves may be absent, while small tibertant 
go>*glM coMisn^ of groups of nen e-oells are sometimes found on the doraal roots of 
the upper Dervicd ntrifcs betneen iW spbid gaul^lio and the spin^ rneduUa. 


Each nerve^rtwt receives a covering from die pia materp and is JooseJy inveeted 
by the arachnoid materp the latter being prolonged ae far the points where the 
roots pierce the dtita rnater^ The two roots pierce tlie dura msiter separately, each 
receiving a sh^th from this membrane (fig. 922) ■ where the roots join to fom the 
spmal nerve this sheath is continuous with the epineurium of the nerve. 

Siscc and d]rect]Ofi+ The roots of the upper four cm?jcat nerves are smaU: 
those of the lower four are large. The dorsal roots of the cervical nerves hear a 
proportion to the ventml of three to one, w^ch is greater than in the other regiona: 
reeir mdividua] mamcnls are also larger than those of the ventral roots. The 
dorsal root of the first cervical h an exception to this, being smaller than the 
ventral root; m al^nt dght per cent, of cases it h i^^ting. The roote of the finst 
and ^ond cervical nerves are short, and run nearly horistontallv to their points of 
exit from the verteb^ canal. From the third to the eighth oervic^ they are directed 
obliquely downwards, ^e obliquity and length of the roots sucroasivclv inercaaing • 
the distance, however, betivcen the level of attachment of any of these roots to the 
spinal medulla and the points of exit of the corresponding nerves never exceeds 
the height of one vertebra. 

The roots of the tApracrc nw a. with the exception of the first, are of small size, 
and the doraal roots only slightly exceed the venttal in thickness. They inerEase 
flucccssi V cly in lengthy from above dDwnwaifdsj and, in the lower part of the thoracic 
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region, descend id contact with die spinal cord hr a dkunce equal to the height of 
at least two vertebra before they emerge from the vertebral canal, 

The roots of the lower tumiuir and upper jd^ro/ nerves arc the largest, and their 
individual ^laments the most numerous of all the spinal nerves* while the roots of 
the ccceygti^i nerve arc the smallest. 

The roots of the lumbar^ saetaL and coccygeal nerves mn vertically downwards 
to their respercti vxcsifH, and as the spinal tneduUa ends near the lower border of the 
first lumbar vertebra it follows that the lengths of the successive roots most rapidly 
increo^. As already mentioned fp. gji), the term tpann is applied to this 
collection of nerve-roots^ 

From the description given it will be seen that the largest nerve-roots^ and 
consequently the largest spinal nen-es* arc ^rtached to the cervieal and lumbar 
swellings of the spinal medulla ; these nen^cs arc distributed to the upper and lower 
limbs. 





Fio. 95^S.^Schenie the rElatfona of m. cervical nerve and ita gon^fion 

to a cervkal vcitebra. 
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Immediately beyond the spinal ganglion, the ventral and dorsal nerve-roots 
tinite to form theipmalnmif^ which emerges through the intervertebral foramen. 

Cormexioos with the sympathetic trunks.—After emerging from the inter¬ 
vertebral foramen each spinal ner^x rfrccives a branch ramus iommmicans) 
from the corresponding ganglion of the sympathetic trunk, while all the thoracic, 
and the first and second lumbar neri cs each contribute a branch ramus 

comrnunicans) to the corresponding sympathetic ganglion. The second, thirds and 
fourth sacral nerves also give olf viscerd branches; these* however, are not con¬ 
nected with the ganglia of the sympathetic trunk, but belong to the parasympathetic 
part of the autonomic system and run directly into the pelvic plexuses (p, tzig). 
Components (figs. 957, 959). —Each typical spinal nerve contains fibres belong¬ 
ing to two iyatems* via, the somatic or cerebrospinal* and the autonomic, as well as 
fibres connecting these systems with one another. 

1. The somatic fibres odginate in the cells of the anterior grey column of 

the spinal medulla, and run outwards through the ventral nerve-roots to the spinal 
nervxp They convey impulses to the wluntary muscles, and arc continuoiis from 
their origin to their peripheral distribution. The passage of a nei^xus unpulse 
along a somaric efferent fibre is associated with the liberation of acetyl-choliiie in the 
neighbourhood of its terminals (p^ 1^99]. The somatic a^erart fibres convey 
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impressions inwards from tlit sikin^ ttic., and ori^nate in the unipolar nervc-ccUa 
of the spinal ganglia. The single prtKxsses of these cells divide into peripheral 
and central nbreSi^ and the latter enter the spinal medulla through the dur^ 
nerve-rootftf 

The mit^nvmic fibres are also clferent and afferent^ The Ebres origin¬ 

ate in the lateral column of the spinal cord, and are conveyed through the %'enLra] 
nerve-roots and the white rami coinmtimcantes {fig. 959) of T* i-L. 2 or 3. They 
pass to the corresponding ganglia of the sympathetic trunk and may end by forming 
Synapses around the cells of the gangliap or they may run through one ganglion to 
end in another on the sympathetic trunk, or in a more distally placed ganglion in 
one of the sympathetic plexuaee* In all cases they end by forrning s>^n3pses around 
other nerve-cells* From the cells of the ^glia of the sympathetic trunk other 
fibres {pQsigiingiionic) take origin ; some qf these run through the gre^ rami com- 
municatites to join the spinal nerv'cs and are distributed to the blood-vessels^ sweat 



Fig* 930-^A scheme $hQwing the can^tirntfon of b typical jpinal nerve. 
AlT«Dtiil SbrM Mre in blmt. EFFcTEnt Sbm fi«tL th^ iiniei^ con], inm/, utJ pcnt- 
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glujids, etc ,; othtra to the viscera. The fibres issuing from the sacraJ reirion 
of spina] medulla (S. i. 3 and 4) are parttsympat/urtic ; they do not join the sym. 
pathetic ganglia but pass aa the fiehic ^ianchnic atrvfs to the peldc plexuses The 
afferent fibres are derived from the cells of the spinal ganglia. Their peripheral 
proccMcs are earned through the white rami coitinmnicanies, and after pa^tie with¬ 
out mtemiption through one or more aympathetic ganglia end in the tissues of the 
viscera. The ccmial processes of the unipolar cella enter the spina] cord throurh 
the posterior nerve-roots and form synapses around either somaric or sympathrtc 
efferent neuronca, ihua completing refiex arcs. Some authorities believe that the 
cells of Dogiel in the ^inal ganglia fp. lo^i) bring the autonomic offenmt neurones 
into relationship mth thoM of the somatic system, and so render possible the 
transference of an impulse from the former to the brain. 

Rami or Divisions.—, 4 ftcr merging from the intervertebral foramen, each 
spnal nctw supplies a smalJ menmgeai branch, which re-enters the vertebral canal 
through the intervertebral foramen and is distributed to the vertebr® and their 
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ligaments, and the blofnl-v'c^la of the spiiml meduLla and its membranes. The 
spinal ner^'C then splits into a dorsal and a ventral ramus^ each receiving Hbrei from 
both ficrvc-roots. 


THE DORSAL RAMI OF THE SPINAL NER\TiS 

The dorsal (posterior primary) rami of the spinal nerved arc as a mic smaller 
than the venfrai. They are directed backivards, and, with the exoepliuns of thcisc 
of the first cen'ical, the fourth and fifth sacral, and the coccygeal, divide into medial 
and lateraj branches for the supply of the muscles and skin (fig. 960) of the posterior 
part of the trunk. 


Tire DoRsAr, Rami nm CiotvicAt, Nhhv^ 

The dorsal ramus of each cervIcaJ ncrv'c, with the exception of the firsts divides 
Into a mediaJ and a JateraJ branchy AU these branches inner^'atc rmisclcs but^ as 
a mJe^ only the medial branches of the second, third, fourth and, U^iuallyt the 
fifths supply cutaneous areas. \Vith the exception of the first and secondt each 
dorsal minus passes backwards medial to the po^sierior intertninsversc muscle and 
winds round the articular process to gain the inten^al between the scnmpinalis 
capitis and the semlspinalis ccrvicis muscles. 

The dorsal ramus of the first cervical or suboccipital nerve (fig. 574) is 
larger than the %'cniml ramus, and emerges above the posterior arch of the atlas and 
below the vertebral artery. It enters the suboccipital triangle and supplies the 
muscles which bound this triangle, the rectus capitis posterior major, and the 
superior and inferior oblique muscles; it gives branches also to the rectus capitis 
posterior minor and the semispinalis capitis, A filament from the branch of the 
inferior oblique muack Jains iht donf^al ramus of the second cer\’ieal nerve (fig. 574)^ 

The nerve occasionally gives off a cutaneous bnmcb which Aceompardea the occipital 
artery to the scalp, and conununicstes with the greater and lesser occlpi^l nerves. 

The dorsal ramus of the second cervical nerve is much larger than the 
ventral, and is the greatest of all the ccn ical dorsal rami. Jt emerges between the 
posterior arch of the atlas and the lamina of the axis, below' the inferior oblique 
muscle. It supplies a twig to this musek, receives a communicating filament 
from the dorsal ramus of the first cemcal, and then divides into a large medial and 
a small lateral branch. 

The medial branch, called from its aize and distribution the greater aedpitaJ nprve 
{figs. 574,960)^ ascends obliquely between the infedor oblique and the semispinalis 
capids, and pierces the latter muscle and the trapezius near their attachments to the 
occipital bone. It is then joined by a fijament from ihc medial branch of I he dorsal 
ramus of the third cervical, and^ ascending on the back of the head with the occipital 
artery^ divides into branches w^hich communicate with the leaser occipital ner%^e and 
supply the skin of the scalp as far forward as the vertex of the skull Tt gives 
muscular branches to the scraispinalis capitis, and occasionally a twig to the back 
of the auriclcK The lateral branch supplies filameuts to the splenius^ longtssimus 
capitis and semispinalis capitis, and is often joined by the corresponding branch of 
the third cer\'ical. 

The dorsal ramus of the third cervlciaJ nerve is inte rmediate in sii5C between 
those of the second and fourth. It coumes backwards round the articular pillar 
of the third cervical vertebra, passing medial to the posterior inlertran.Averse muselc, 
and divides into medial and lateral branches. Its mediai branch runs between the 
spinalis capitis and semispinalis cers'ids, and, piercing the splenius and trapezius, 
ends in the skin. While under the trapezius it gives a branch, called the third 
oedpital nerve, which pierces the irapcitiiia and ends in the skin of the lower part 
of the back of the head (fig. 960). It liis mediaJ 10 the greater occipital nerve, 
and communicates with Sl+ 'Ehc hteral branch often joins that of the second 
ceniciil. 

The dorsal ramus of the suboccipital, and the medial branches of the dorsd rami 
of the second and third c::enheal nene^ are sometimes jointd by communicating loops 
to form tbc pufterior certiW plexus^ 
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1 h<? dor&^ rniti of the lower five cervical nerves curve backwards round 
the ardcujar pillars and divide into medial and laieraJ branches. The mediaj 
branches of the fourth and filth run between the scmispinalis cer^icis and sexnj- 
spinaJiti capids, and, havtng reached the spines of the vertebra;, pierce the splenius 


FiO^ 960.—A diB^niErt shawin|f the dia-ixibutkiD of the cutineeiM branches 
of the dorsal Timi of the spinal nervet. 



and tfapeaiua to end in the skin (%. 960). Sometimw ilit? mediil branch of the 
fifth fails to rest* the skin, 'Hie medial branches of the lowest three nerves are 
small, and end^_^ the scr^pinalis oervicis, semispinalts capitis, multifidus and 
intenpinales,^ Tlie lattrai branches of the lower five nerves supplv the tliocostalis 
ccrvicia, longissimu* cervids, and longissimus capitis. ' 
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The Dorsju. Rami of the THOfi.^clc Keh^ 

The doi^al rami of the thoracic Dcrv^ backwaitl.s in close relation to 
llic joints between the articular processes of the vcriebrit and divide into medial 
and laicnil branches* The medial branch emerges bciwetfi the joint and the medial 
edge of the superior co$totrans%'cree ligament and the intertransverae rnusekp but 
the lateral branch runs laterally in the intemil l>etween the ligament and the muscle 
before turning backwards medial to the le\*ator costa? muscle* 

The mtdiat branches of the dorsal rami of the apper dx thoracic nerves run be* 
uveen the semispinalis thoracis and multifidus, which they supply; they then 
pierce the rhomboids and trapezius, and reach the skin by the sides of the spines 
(fig* 960). The medial branches of the /Mt'ff dx ihoracic fierres arc distHbuled 
chiefly to the multifid us and bngissimus thoracis ; occasionally they give filaments 
to the skin near the median plane. 

The Inierat branches increase in siise from above down wards. They run through 
or deop to the longissimus thomds to the interv'ol betw^een it and the iltocosiaJia 
cerviciSp and supply these muscles and the le^'atores costarum ■ the lower five or 
six also give off cutaneous branches^ whJcJi pierce the serratus posterior inferior 
and lallssimus dorsi in a line with the angles of the ribs (fig. 960). The lateral 
branches of a variable number of the upper thomcic nen- es also give filaments to the 
skin. The lateral branch of the twelfth thoniciCp after sending a filament medially 
along the iliac crest, passes downwards to the skin of the anicrior part of the buttock. 

The medial cutaneous branches of the dorsal rami of thorite nerves descend for 
some distance dose to the spines before ctachiiig the skin, while the lateral branches 
travel downw'ards for a considcmble distance—it may be as much as the breadth of 
four ribs—^before they become superficial ; the branch from the twelfth thoracic, for 
Instance^ reaches the skin only a little way above the iliac crest.* 


The Dorsal Rami of the LuMBAh Nehvts 

The dorsal ramt of the Lumbar nerves pass backwards medkl to thq medial 
inicrtransvcrac musclf?s and at once divide into medial and tateral branches. 

'rhe medial branches run close 10 the articular procesaca of the vertebne and end 
in the multihdus. 

The lairral branches supply the erector spina? (sacrospinalis). The upper three 
give off cutaneous ncncs which pierce the aponeurosis of the laiissimus dorsi at the 
lateral border of the erector spinie and crxjss the posterior pan of ihc iliac crest to 
reach the skin of the buttock (fig, 960), some of their twigs running as far as the level 
of the greater trochanter. 

1'he Dorsal Raj^ti of the Sacral Nerves 

The dorsal rami of the sacral nerves arc small, and diminish in size from 
above downwards : w ith the exception of the fifth, they emerge through the dorsal 
sacral foramina. The upprrlhree w covered thetrpointsof exit by them ultifidus, 
and divide into media] and lateral branches.^ 

The tfi^ial branchca are small, and end in the multifidua. 

The lat^ai branches join with one another and with the lateral branches of the 
dorsal rami of the last lumbar and fourth sacral to form loops on the dorsal surface 
of the sacrum* From these loops branches run to the dorsal surface of the saero- 
tuberous ligament and form a accond scries of loops under the gluteus maxinu^* 
From this second series of loops iho branches, twoi or three in numbers, arise 

and at once pierce the gluteus maximus along a line drawTi, from the posterior 
superior iliac spine to the tip of the coccyx : they supply the akin over the posterior 

part of the buttodc (fig, 960). » , , 

The dorsal rami of the /i«cer tico sacral nerves are small and be below' the 
multifidus* They do not divide into medial and lateral branches, but unite with 
each other and with the dorsal ramus of the coocygea! nerve to form loops on the 
back of the sacrum ; filaments from ibese loops supply the skin over the coccyx* 

* H. M- Jahnssoflp J. attd Ph^dcL, 43, l ^. 
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Tub Dossal Ramliss ok Titt Coccygeal Ner^t 

The dorsal ramus of the coccygeal nerve docs not divide into a medial and a 
latentt branch, but icGeives, as already stated, a communicating branch from the 
last sacral; it is distributed to the skin over the back of the coccyx. 


THE VENTRAL RAMI OF THE fsPlNAL NERVES 

The vcDiral ramr of the spinal nerves supply the limbs and the anierior and 
lateral aspecteofthe trunk; they are far the most part larger than the dorsal rami. In 
the thoracic region they run independently of one another, retaining, like all the dorsal 
rami, a more of less segmental distribution. In the cervical, lumbar, and sacral 
regions, however, they unite near their origins to form plexuses. 


THE VENTRAL RAMI OF THE CERVICAL NERVES 

The ventral rami of the cervical nerves, with the exception of the first, 
appear between the corresponding anterior and posterior inteitransvcrse muscles. 
The ventral rami of the upper four nerves unite to form the terviea{ plrxui ; those of 
the htcerfour, together with the greater part of the a entral ramus of the first thoracic 
nervT, join to form the brachial f^exus. 

Each nerve receives at least one grey ramus oommunicans, the upper four from 
the superior cervical ganglion, the fifth and sixth from the middle cervical ganglion, 
and the seventh and eighth from the inferior cervical ganglion of the sympathetic 
trunk (irr p. 1209), 

The ventral ramus of the firrt cervical {tubotcipital) nerve appears above the 
posterior arch of the atlas vertebra, and passes forwartls round the lateral side of its 
laieral mass, medial to the vertebral artery. It supplies a branch to the rectus 
lateralis, and, emerging on the medial shIc of that muscle, descends in front of the 
transverse process of the atlas and Itciiind the bternol jugular vein, and joins with 
the ascending branch of the second nerve. 

The ventral ramus of the eecond cenueat nerve issues between the vertebral arches 
of the atlas and axis and nins forwards betw een the transverse processes of these 
two vertebra; passing in front of the first posterior intertransvcrsc muscle and on 
the lateral side of the vertebral artery it emerges between the tongus capitis and 
levator scapula; muscles, but when the scalenus medius takes origin from the trans¬ 
verse proc^ of the atlas, it intervenes between the nerve and the levator scapuliC. 
It divide into an ascending branch which j<iins with the first cervical nerve, and a 
descending branch which unites with the ascending branch of the third cervical 
nerve. 

The ventral ramus of the third cervical nerve appears between the longus capit is 
and scalenus medius. The ventral rami of the lemainbg cervical nervEs emerge 
between the scalenus anterior and scalenus medius. * 


The Cervioai. Plexus 

The cervical plesus (fig. 961) is formed by tlie ventral rami of (he upper four 
cervical nerves; each nerve, except the first, divides bio an upper and a lower 
branch, and these unite to fotm three loops. The plexus is situated opposite the 
upper four cervtcal vertebne, in front of the levator scapuk and scalenus medius 
and under cover of the internal jugular vein and the stemom;istoid muscie 

Its branches are divided into two groups, mperfieial and deep, and arc here riven 
m tabular form l 6 
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It should be noted that the comniunSeating branch to the hypogtoasal nen'e 
carries the motor fibres for the geniohyoid and thyrohyoid muscles and constitutes 
the superior mot of the ansa tervicafis. 

The SuPERficiAi. Brakches of the Ckhvical Plixos (figs. 961 , 9 ^ 2 ) 

'fhe lesser Dccipital nerve (figs. 961, qti) arises from the second cen ical nenx» 
sometimea also ffoiri the third \ it hooks around the acec^ry nerve and ascends 
along the posterior border of the stemomasUiid muscle. Near the cranium k per¬ 
forates the deep fascia, and is continued upwards on the side of the head behind the 
auricle, supplyriiig the skin and communicating vritli the great auricular and greater 
occipital nerves, and with the posterior auricular branch of the facial nerve. The 
lesser ofxipital nerve varies in size, and is sometunes duplicated. 

It Sends off an auricuhr bmtrdi which supplies the skin of the upper third of the 
cranial surface of the auricle^ and communicates with the posterior branch of the great 
auricular nerve^ The auriculai branch is occasionally derived from the greater 
occipitaL nerve. 

The great auricular nerve (figs. 961. 962) h the largeat of the ascending 
branches, it aris^ from tlic second and third cervical ner^'es, winds round the 
posterior border of the slcmoniastotd muacie, and, after perforating the deep fascia, 
ascends upon that muscle beneath the platv-sma in company with the external jugular 
vein. It pjss^ on to the parotid gland, where it divides into an anterior and a 
posterior branch. 

The aniaifir branch is distributed to the skin of ^e face over the parotid gland, 
and communicates in the substance of the gland with the facial nert'e. 

The posterior Branch supplies the akin over the mastoid process and on the back 
of the auricle, except at its upper part ; a filament pierces the auricle to reach its 
lateral surface, wdiere it Sa distributed to the lobule and the concha-r The posterior 
branch communicaCes with the lesser occipital ner^'C, the auricular branch of the 
vagus nct^^e, and the ptisterior auricular branch of the facial nerve. 

The trafisve^rse (anterior) cutaneous nerve of the neck {figa- 961) arises 
from the second and third ccnical ncrt'cs, turns round the pMterior border of the 
stemomostoid about its middle, and runs obliquely forwards^ deep to the external 
Jugular vein^ to the anterior border of the muscle. It perforates the deep cervical 
fakia, and divides beneath the plat^^sma into ascending and dcsteiiding branches, 
w’hich are dwtribuied to the anterolateral parts of the neck. 

'The ascending bnmehes pass upwards to the submandibular region, and form a 
plejTus with the cervical branch of the facial neri^e, beneath the platysma ; olheirs 
pierce that muscle^ and ore distributed to the skin of the upper and front parts of 
the neck. 

The deieendingbranches pierce the platysma, and arc dktribiited to the skm of the 
side aod front of the neck* as lowr as the sternum. , , . , 

The supraclavicular nerves [figs. 961, 962) arise by a common trunk derived 
from the third and fourth cervical nerv®. This trunk emerges from beneath the 
posterior border of the stemomastoid, descends under cover of the platysma and 
deep cen ical l^da, and divides into anterior, middle and posterior branches, which 
diverge from one another and pierce the deep fascia a little above the level of the 
clavicle. 
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The amtrior supraclaviculaT nmts run obLiquErly dqwnwardfi and mediallyp 
crossing the extertm] jugular vein and the clavicular and atcmal hcada of the 
stcmoina$toidp to supply the akin as far as the median plane and aa low down 
as the second rib. They ^miah one or two filaments to the stcrnocLavicular Joint 

The middk supfitciiJtjiailaT fieiwr cross the clavkle, and supply the akin 
over the pectoral is major and deltoid aa loiv down as the level of the second rib^ 
Immediately adjoining the area supplied by the second thoradc tierce (fig. 987)! 
The amount of overlapping In this situation is minimaJ. 


Ffo. 961,—A plan of the cervical plexus. 



The lv5Poib»^ wm » «fb9wti bv iiTtemifrtiid Uiu mnd iha imuculu IrimeuiliE* 
bf jQlid Uaci 


The pt^tienortvpracbndcutarnerva obliquely across the superficial surface qf 
the trapedus and the acromionp and supply the skin of the upper and posterior parts 
of the shoulder. rr r 

Applied AnQtoffn\—FamA referred to the superficial termmal branches of the 
cervica] plexus are not uncommon in caries of the cervical vertebrzp where pain may 
be fcU radiftting over the ocetpital bone, if the diBcase is situated high up in the 
vertebral column. 

The Deep BnajscirEs of the CmvicAL Plexus. Medul Series 

The commumcating brucbcfl consist of several filaments which pass from the 
loop between the first and second cervical nervt^ to the vagus, hypoglossal mnd 
sympathetic. The branch to the hypoglo^ uldmalcly Iravcs that nerve aa a series 
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of hr^nchcs^ viz. the rfieningcah the upper root of the curv'icalis (iiDsa hvpo- 
glossi), the nerve to the thyrohyoid and, probably, the nerve to the geniohvii>id 
(P* * U9)- communicating branch also passes from the fourth to the fif th ccri iail 
nerve, while each of the first four cervical nerves rcrai^Ts as grey rarnus communi- 
cans from ihe superior cervical ganglion of the sympatheiic trunk. 

Muscular branches supply the rectus capitis latcraJis, rectus enpkis anieriorj 
longus capitis and longus cervkis muscles^ 


Fio, 9*2.- Thr nervea of the righi side of the walp, face and side of n«k. 
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'I'Ke inferjor root of the ansa ccrvicalis {nervus descendens eervicaJisJ 
(fig, q6i) is Formed usually by the union of two branches^ one derived from the 
second cerv^ical net^^c and the other from the third. It passes downu-ards on the 
lateral side of the internal jugular vein, crosses in front of this vein a little belniv the 
middle of the neck, and continues forwuids to join the upper root in front of 
tlic common carotid artery, so forming the ansa cmrkath. Not infrequently it 
passes fonvards between the internal Jugular %'ein and the common carotid artery 
to reach the ansa cervical is (fig, 6S6)^ fmm W'hich dJ the i nfrahyoid muscles, with 
the c.^ception of the th vfohvioid, are supplied. 

The phrenic nerve contains motor and sensory fibres in the proportion of about 
rwp to one. It arises chiefly from the fourth cenical nen'c^ but receives a branch 
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from the third and another from tht fifth (fig. 961] t tlie fibres from the fifth not 
infrt'^^ucntly come through the ncrv^e to the flubcbviua (p. 1157) and, after leaving 
it, they may descend for some distance into the thorax befotre joining the main 
trunt {oiceAsory phrenic nerve). Formed at the upper part of the laterd border of 
the scalenus anted or, the phrenic nerve mns vertically downwards across the front 
of that muscle, and l^kind the prevertebral fascia. It descends to the root of the 
neck, under cover of the stemomastotd, the inferior belly of the omohyoid, the in- 
temiiJ jugular vein and the transverse cer^ ical and suprascapular arteries (fig. 704) 
and, on the left side, the thoracic duct k nest passes in front of the subdavian 
artery, between it and the subclavian vein, and, as it cnicrs the thorasr, crosses from 
the lateral, to the medial side of the internal thoracic artery (fig. 701). Within the 
thorax, it descends nearly vertically in front of the root of the lung, and then be¬ 
tween the pericardiiim and the mediastiiial pleura, to the diaphragm (fig. 767), tvhere 
it divides into branches which pierce that muscle, and are distrthuled to its under¬ 
surface. In the thorax it isaccoinpanied by the pericardiacophrenic branch of the 
internal thoracic artery . 

The two phrenic neixTs differ in their length, and also in their relations at the 
upper part of the thorax. 

The ri^ht nerve is situated more deeply, and is shorter and more vertical in direc¬ 
tion than the left. It descends to a lower level in the neck in front of the scalenus 
anterior, which thus separates it from the second part of the subclavian artery. It 
then lira laicral to the right brachiocephalic vein and superior vena cava covered by 
the mediastinal pleura, and continues downwards over the pericardium which 
separates it from the right w^all of the right atrium of the heart. Its terminal 
fibres pass through the vena caval opening in the diaphragm. 

The left nerve is rather longer than the right, owing to the inclination of the heart 
to the left Side, and to the lower level of the left half of the diaphragm. At the 
root of the neck it crosses in front of the first part of the subclavian artery, and is 
itself crossed by the thoracic duct. In the superior mcdiastLEium it lies hctxveen the 
left common carotid and left subclavian arteries, and crosses superficial to the vagus 
nerve just above the level of the arch of the aorta and behind the left brachiocephalic 
vein. It next crosses the arch of the aorta and the left superior intercostal vein 
and then passes in front of the root of the left lung to reach the left side of the 
pericardium, by which it is separated from the left ventricle of the hearts 

Each nen^e supplies branches to the pericardium and pleura, and at the root of 
the neck is joined by a filament from the sympathetic, and, occasionally, by one 
from the ansa cervicalb, which probably is sympathetic in origin. 

From the right nerve, one or tw'o filaments pass with phrenic branches of the 
ctnbac plexus to join a sn^ phrenic g^mglivn ; and branches from this ganglion arc 
distributed to the falciform and coronary ligaments of the li ver, the suprarenal gland 
and inferior vena cava, From the le/i nerve^ filaments pass to join the phrenic 
branches of the coeliac plexus, but without any gangltontc enlargement; and a twig 
£a distributed to the left suprarenal gland. 

Applied Anatumy '.—In additioTi to its supply from the phrenic^, the diaphragm 
reccivi^ innen.'otion frewn ihe lower seven intercostal nerves at its periphery, 'lliis 
double sensory innervauon explains the varied distribution of the referred pain* ihai 
may be felt in difFcrcnt case* of infection or inBammntiDn of ihc diaphragm, such as 
may occur in pleurisy or pneumonia affecting its upper surface^ on the one hand^ or in 
peritonitu attacking its lower Burface on the other. For example, if it is the more 
central part of the diaphragm that becomes tnfiamed in a case of acute peritonitis, the 
patient may complain of pain and tenderness in the area of d istribution of the cutnneoMS 
branches of the rnurth and fifth cervical nerves, with the rcault that disease of the 
Bhoulder-joint or suprackriculsr [egion is erroneously suspected, and the peritonitis is 
mi^d. On the u(her hand, if the periphery of the diaphragm diances to beconic in¬ 
fected in a patient with acute pleurisy or pneumonia, he may complain of acute pain 
and tendemesa in the area of distribution of the cutaneous branches of the low^cr 
intercostal nerves, and may ajso exhibit rigidity of the underlying abdominal muscles, 
with the result that an acute intra-abdominal infection may be crroneausly diagnosed 
and a laparotomy ^rfurmed for the relief of a supposed appendicitis, ehokey^stitis 
or localised peritonitis. 
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The Dekp Branches o? the CravtcAL Puaus. Lateral Series 

brMches.—The Isicral series of deep branches of the cen ical 
plexus Dommiinicates mth the accessory nerve, in the substance of dieatemofnastoid 
in the posterior tnangic and under cover of the ' 

=„«. branches are distributed to the siemomastoid. trapeaius levator 

scapuLe and acalenus mcdius muaclcs. w-pciios, icvaror 

The bi^ch for the stetnomastoid is deriv^ed from the second cervical nerve* 
the trapezius and levator scapula: receive branches from the third foI7rth 

trapezius crossing the posterior triangle obliquely at a 

from ^Wmedios tec*Tv^s tffilieJ 

from the third or fourth cervical ncrv«, or occasionally from both. ^ 


the brachial plexus 

fam7 n^f ^r**^** plemis (fig, 963) is formed by the union of the ventral 
rami of the lower four cervical nerves and the greater part of the vent™ 

Fifl» 563 . A plafi nf the bra^hkl plcsnis. 
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Nm d£^$atiM Kapuii 
To pAra^ic Ji,^ 
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.VMr.—Tic cSiiu'ont fit ilc irunlij md ilwtr dniviireEi m thided and tie fihm facn 

C.7 which wim with tht uliw nni s nr ihi^ u ■ bavy hbdc ir»* 


t^'?ik * or thoracic nerve; the fourth cerv'ical nerve usually gives a branch 

«> tne tilth cervical, and the first thoradc nerve frequently receives one from the 
Becond thoracic,* These nerves constitute the rocts of the plexus. The roota are 

made to die plema by C4 and Tz iic aubject 10 frequeni variation, 
the bra^h frem C4 IS larjfe, the bruieh from Ta is frequentljr abaentand the branch 
reduced ui Mae, This eonatituMS the prefixed type of plezua. On the other hand! 

^ rrduced m tisc but that of Ti ia large and the brandh ftuni Ta iaalwaya pnaent. Thii 

iTan^nitrt COnEdtutt'i the poit-fix^d i^'pe of plrxua^ 
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nearly equal in aiziCp but ilic in which they forin the plexus h subject to some 
vanauon. The following is, however, the constant arrangement. The fifth aiul 
sixth cervical neircs unite at the Lateral border of the scalenus mediua to forni the 
upper Uunk of the pkxus. The eighth cervical and first thoracie nerves unite behind 
the scalenus anterior to form the trunk of the plexus, while the seventh cervical 
nen^r itself consiitutcs the middle truiik. ThcBC ^rcc trunks run downwards and 
laterally and as—sometimes before—they pass behind the elavicic, each apIit^J into 
an interior and a posterior division* The anterior divisions of the upper and middle 
trunks unite to form a cord, which is situated on the lateral side of the axillary' urttry^ 
and is called the luleriii cord of the plexus. The ajiterior division of the lower trunk 
passes down at first behind and then on the medial side of the asillan^ artery, and 
fomas the medial cord of the brachial plexus; this cord frequently receives fibres 
from the seventh cervical nerve. The posterior divisions of all three trunks unite 
to form the potierhr cord of the plexus^ which is situated at first above and then 
behind the axillary artery. 

Relations.—fu the neck^ the brachial plexus lies in the posterior triangle in the 
angle between the clavicle and tlie lower port of the posterior border of the stertio- 
mastoid^ being covered by the skin, platysma and deep fascia. When the arm is by 
the side, it c^n be felt in this situation as a bunch of tense oorcb. The plexus is 
crossed by the supraclavicular ncrv'cs, the nerve to the subclavius, the infedor belly 
of the omohyoid, the external Jugular vein anti the transverse certneal artery 
(fig. 704). It emerges between the scalenus anterior and scaknus medius; its upper 
part lies above the third part of the subclavian artery, w hile the lower trunk is placed 
behind the artery \ the plexus next passes behind the clavicle, the subclavios and 
the suprascapular vessels, and lies upon the first digitation of the seiratus anterior 
muscle and the subscapularis. /;j the axiHa the lateral and posterior cord$ of the 
plexus arc on the lateral side of the fir^t part of the axillary artery'^ and the medial 
cord behind it. The cords aurmund the second part of the axillary artery on three 
sides, the medial cord lying on the medial side, the posterior cord behind, and the 
laicml cord on the lateral side of the artery. In the lower part of the axilla the cords 
split into the nerves for the upper limb. With the exception of the mediaj root of 
the median nerve, the btanches of the three cords bear the same rebtionships to the 
third part of the axillary artery as the cords from which they spring hear to the 
second part, i.e. branches from the lateral cord are lateral, branches of the posterior 
cord are behind, and branch^ of the medial cord are medial to the artery. 

Close to their exit from the imervertebral foramina the fifth and sixth cervical 
neiv'cs receive grey nuni communicantea from the middle cervical ganglion, and the 
seventh and eighth cerv'ical similar rami from the inferior cervical ganglion of the 
aympathetic trunk (p- 1209). The first thoracic nerve receives a grey ramus from, 
and conirihutes a white tamus to, the first thoracic ganglion of the sympathetic trunk. 

The bratiches of the brachial plexus.—-'ITie branches of the brachial plexus 
are usuaily subdivided into two groups, viz. those arising above the clavicle (supra- 
clavia/far) and those below^ tivat bone {mfraciavicuiar). 


'1'he SiTPRAcuvicuud Bkanoees 


The supraclavicular branches may be grouped as follows: (a) those arising from 
the routs, and (6) those arising from the trunks of the plexus. 


Fron^ the roots 
of the plexus. 

From the trunks 
of the plexus. 


ft- To scaicni and longus cervicis 
I 2. To join phninic nerv'e . 

\ 3+ Dorsal scapular nerve . 

^ 4. Long thoracic nen^e 

f I, Nerve to subelavius 
b. Suprascapular nerve 


5, 6, 7, S C. 
5C 

5 

5p fi* 7 C. 

5h & Cl 

5 i 6 C* 


The branches for the sealeni and longus cemcis muscles arise from the lower 
cervical nerves dose to their points of exit from the intervertebral foramina. 

On the scalenus anterior the phrenic time is joined by a branch from the fifth 
cervical nen-e. 


*Thc pofttcoDr division of the tmiik h very much imalkr than the OthefS, and 

conlairu few fibres fram she firal chrorwii: iieni'e. It ii frcquentlv derived frtjm the 
cervtoil nrrve befurr ihc trimk u formed. 
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Thif dorsal scaputar nerve arises from the fifth cervical nerve, pierces the 
scalenus mediuSp pa^cs an to the deep surface of the levator scapuhup to which it 
occasionally gives a twig, and runs in compny with the deep branch of the trans¬ 
verse ccrv’icaJ artery on die anterior surfaces of the rhomboids ; it ends by suoolv'inir 
theae musclca, ' f * 

I""* thoracic nerve {fig, 704) usually arises by three roots from the 
fifths siKth+ and seventh cervical nenxs^ but the root from the seventh nerve may 
absent. Ihe upper two roots pierce the scalenus medius obliquely, uniting 
either in the substance of the muscle or on its lateral surfacCp and the nen^c so 
formed descends behind the brachial plexus and the first part of the axillaiy artery. 
Having crossed the upper border of the serratus anterior to gain its outer surface^ 
it is soon joined by ibe root from G. 7, which emerges from the interv'aj between 
the scalenus anterior and the scalenus medius at a lower level and descends on the 
lateral surface of the latter mmcle^ The nerve is continued downw'ards to the lower 
bonier of the setratus anterior, supplying, in its course, filaments to each of its 
digitations. 

The nerve to the subclavius is a small nerve which arises from the point of 
junction of the fifth and sixth cervical nert es; il descends in front of the plexus and 
the third part of tlic subclavian artery', and is usually connected by a filament with 
the phrenic nerve. It then passes above the subclavian vein and reaches the sub- 
clavius muscle, which it supplies. 

The suprascapular nerve (figs. 704, 970) is a large nerve which arises from the 
upper tmnk of the brachial plexus. It runs laterally deep to the trapezius and the 
omohyoid, and enters the supraspinous fossa through the suprascaptilar notch, 
passing below the suprascapular ligament; it then runs deep to the aupraspinaiuj, 
and CTirv'es round the lateral border of the spine of the scapula in company with the 
suprascapular artery to gain the infraspinous fossa. In the supiaspinoiis fossa it 
gives two branches to the supraspinatus muscle, and articular filaments to the 
$houlder-joint and acromio-clavicular joint; and in the infraspinous fossa it gives 
branches to the infraspinatus muscle, I>esidc9 some filaments to the shoulder- 
joint and scapula. 


The Infracmvicular Bhanche^ 

The infraclpicular branches are derived from the thiec cords of die brachial 
plexus, but their fibres may be traced through the plexus to the spinal nerves from 
vvhich they originate. They arc as folJoivs: 


Lateral cord 


Medial cord 


Posterior cord 


/Lateral pectoral 
i Musculocutaneous . 

I Lateral root of median 

Medial pectoral 

Medial cutaneous of forearm . 
Medial cutaneous of orm . 

I Medial root of median 
,Ulnar* . . . . . 

I Upper subscapular . 

I Jxiwer subscapular . 

Axillary (Circumflex humeral} . 
Thoracodorsal. , * . 

. Radial . . . . , 


;/ 


5. 6, 7 G. 
S. 6* 7 C. 
6,7C- 


3 C., 1 T. 


(7), 8 C., I T. 

5. 6C, 

5. 6 C. 

5.6C. 

7. S C. 

5. 6. 7, 8 C., I T. 


The pectarat nerv« (fig. 96S) supply the pcctanitU major and pectoralis minor. 

'I'he tutfra! pteforat nerve, the Jar^r of the hvo, may arise by two roots from the 
anterior divisions of the upper and middle tninks, or by a single root from the point 
where these divisions unite to form the latera] cord of the plexus ; it receives its 
fibres fmrn the fifth, sixth, and seventh cervical nerves. It cnossea the axillary artery 
and vein anteriorly, pierces the cbvipeetoral fascia, and is diatrihuied to the deep 
surface of the pectoralfs major. It sends a filament to join the medial pectoral ner vi¬ 
and forms with it a loop in front of Uie first part of the axillary artery (fig, 08); 
through this loop the lateral pectoral nerve distributes some fibres to the pectomJis 
minor. 


• iSVf f[»mqic on p, ii6z# 
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The medial pectoral ncrre ncccKvea its £bres from the eighth cerv ical and iirBl 
thoracic ncrv'ca„ and arises from the medial cord of the plexus while that curd is still 
posterior to the axillary artery^ It cun^es for^vards between the axillary artery and 
vem^ and unites in front of the artery with a filament from the lateral pectoral nerve. 
It then enters the deep surface of the pectoral is m inor and sup phea that muscle^ Two 
or three branches pierce the pectoralis minor, and others may pass round its inferior 
border^ to end in the pectoris major. 

The subscapular nerves, two in number^ spring from the posterior cord of the 
plexus, and through it from the fifth and sixth cen'ical nerves^ 

The Mpprr suhscapulor fterve, the smaller, enters the upper part of the euh- 
scapularis^ and is frequently represented by two branch^. 

The lotcer suhcapuletr nervt supplies the lower part of the subscapularis, and ends 
tn the teres major; the latter muscle is somefimes supplied by a separate branch. 

The thoracodorsal nervct a branch of the posterior cord of the plexus^ dcriscs 
its fibres from the sixth, seventh and eighth cervical nerv'cs; it arises between 
the upper and lower subscapular nerv^es and then accompanies the subscapular 
artery along the ptKtcrior wall of the axilla and supplies the latissimus doisip in 
which it may be traced as far as the lower border of the muscle. 

ThculHary Icircumflex iiumeral) nerve (fig. 970) arises from the posterior conj 
of the brachial plexus^ its fibres being derived from the fifth and sixth cervical nerves. 
It lies at first cm the lateral side of the mdsal ntn c and is placed behind the axillary' 
artery, and in front of the subscapukns. At the lower border of that muscle it 
w inds backwards in close relation to the 3uwest pan of the articular capsule of the 
shoulder-joint, and, in company with the posterior circumflex humeral vessels, 
passes through a quadrangular space bounded al^jvc by the suhscapuLaris, in front, 
and the teres minor, behind, below by [he teres major, medially by [he long head of 
the irieeps and Jatenilly by the surgical neck of the humerus. The nerv e ends by 
dividing into an anterior and a posterior branchy 

The mtetior braticlif accompanied by the posterior circumflex humeral vessels, 
winds round the surgical neek of the humerus, deep to the deltoid, as far as the 
anterior border of the muscle, supplying it, and giving a few sniall cutaneous branches 
which pierce the muscle and ramify' in the skin covering its lower part. 

The posterior branch supplies the teres minor and the posterior part of the deltoid; 
upon the branch to the teres minor an oval enlai^emcnt (pseudoganglioti) usually 
exists. The posterior branch pierces the deep fascia at the lower part of the 
posterior border of the deltoid and is continued as the wpper iaterat cufaneom nerve 
of the arm, which supplies the skin over the lower part of the deltoid and the skin 
covering the upper part of the long head of the triceps (figs. 9/64, 965), 

The trunk of the axillary nerve gi%'es an articular filament which enters the 
shoulder-joint below the subscapularis. 

^rhe mmculoculancous nerve (fig, 968) arises from the lateral cord of the 
brachial plexus^ opposite the lower border of the pectoralis minor, its fibres being 
derived from the fifth, sixth, and seventh cervical nerves. It pierces the coraco- 
brachialis and runs dowmwards and laterally between the biceps and the brachiahs to 
reach the btcral side of the arm ; a little fielow the elbow it pierces the deep fascia 
on the lateral side of the tendon of the biceps and is continued into the forearm Jis the 
Iaterat fTirre^r^c/jr^/ ciitaaetms nerre. A line drawm downwards and lateral I v from 
the lateral side of the third part of the axilkty^ ^irtcrv', across the elevutions produced 
by the coracobrachialis and the biceps, to the btcral side of the biceps tendon of 
insertion indicates the position of the musculocutaneous nerve relative to the surface. 
In its course through the ami it supplies the coracobrachtalis^ both heatls of the 
biceps and the greaicr part of tlie brachialis. The branch to the coracobrachiatis 
leaves the musculocutaneous before that pienc enters the muscle; it receives i^ 
fibres from the seventh cervical nerv e, and in some instances arises directly from the 
lateral cord of the brachial plexus, 'fhe branches to the biceps and brachialis leave 
the musculocutaneous nerve after it has ptcrced the coracohrachialis ; that supplv- 
ing the brachialis gives a filament to the elbow-joini. The nerv e also sends a smalt 
branch lo the humerus ^ this btaticb enters the hone with the nutrient artery. 

^ nerve of fhe forearm (fig, 964) p^^sses deep to the cephsHc 

vem^ and descends olong the railial boixler of the forcaiTn to the wrist It supplies 
the shin Oi cr the ktcral half of ihc anterior surface of the forearm and distributes 
branches which turn round die radial border of the foreunn tn communicate with 
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the posterior oicancous ncn'e of the forearm and the terminal ibranch of the mdiaj 
nerve. At the wrist-joint it is p laced in front of the radial artery* and some ftlamcnts. 
piercing the deep fascia, accoinpany that vessel to the dorsal surface of the carpus” 
The ner^'o then passes downwards to the base of the thenar cininencc, where it ends 


Pic. $64,—The cunmeouA ntrvirt of 
the Rght upper limb. Anterior 
turfice. 
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Fic. 9^5-—'A disgram showinR the 
diaiiiboitiorv of chc cutHneous nerves 
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J&einr 


in cutaneous hlaincnU. It communicates with the tciminal branch qf the radial 
nerve, and with the palmar cutaneous branch of the median nertT, 

The musculocutaneous nerve presents frequent uregularities. It may run 
behind the coracobrachialis or It may adhere for some distance to the median ncr\'c 
and then pass behind the biceps instep of through the comoobrachiahs. Some of 
the Hbres of the median nerve may run for some distance in tlie musculocutaneous 
nm^e and then leave it to Join their proper trunk ; ie«a frequently the reverse la 
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the afiii the itieUbit ncr^c sends u hmncfi to join tlic musculocumncous nerve. 
Occosionsilly k gives a liltuneni lo rhe pronator teres and, sotnetimea* it may replace 
the brunches of die radial nenx to the dorsul surface of the thumb. 

The medial cutaneoud nerve of tf^e foreurm (fig. 968) arises from the medial 
cord of the brachial plt-sus. It derives its fihrfts frtun the eighth eemeal and first 
thoracic nerves, and at its commencement is placed between the axillary artery' and 
vein- Near the axilla it supplies a filament which pierces the fascia and i& distributed 
to the skin covering the biceps, almost as far as the elbow. The nerve then runs 
down the arm on the medial side of the brachial artery, pitrcvjs the deep fascia with 
the basilic vein about the middle of the armp and divides into an anterior and a 
posterior bnuich. 

The URtcwr branthf the larger, pas^s usually in front of, but occasionally 
behind, the median cubital vein. It then descends on the front of the medial side 
of the forearm, distributing filamenia id the skin as far as tlie wrist, and com¬ 
municating with the palmar cutaneous brunch of the ulnar nen^c (fig. 964J. 

The postmor hraiich passes obliquely downwards on the medial side of the basilic 
%-ein. in front of tise medial epicondyle of the bumcnis, w inds round to the back of 
the forearm, and descends on its medial side as far as the wrist, distributing filamcnia 
to the skin. It cornmunscates with the medial cutaneous nerve of the arm, the 
posterior cutaneous nerve of the foreann, and the dursaJ branch of the ulnar nerve 
(fig. qM)). 

The m««liaJ ctilancous nerve of the arm U distributed to tlic akin on the 
medial side of the arm (%. Q&4}. It is the smallest branch of the bmehiaJ plernis, 
and, arising from the medial cord, receives its fibres from the eighth cervical and 
first thoradc nerves. It passes through rhe pilk and crosses in front of, or behind, 
llie axillary vein. It then runs on the mtrdiat side of this vein, and communicates 
with the intenrostobrichial nerve. Tt descends along the medial side of the brachial 
artery and basilic vein to the middle of the upper arm. where it pierces the deep 
fascia, and is distributed to the skin of the medial side of the lower one-third of the 
arm, extending on to its anterior and posterior aspects [. some filaments reach 
the skin in front of the media] epicondylc and others over the olecranon. It com¬ 
municates W'ith the posterior branch of the medial cuuneous nerve of the forearm. 

In some subjects tlic medial bracbial cutaneous and intereostobmcbiul nerves are 
connected by two or three filaments, whidi form a plexus in the axilla. In other* the 
iniercosiDbrachial nen-c is la rge and may be reinforced hy s part of the lateral enianeoua 
branch of the third intercostal nen'e ; it then takes the place of the medial brachial 
eutaneous nertv, receiving from the brachial plexus a contmuiiicacrnfr fiiameni which 
represents the latter nerve ; occasionally this filament is waniiriir. 

The median nerve (fig, qbS) arises by tw-n roots, one from the lateral and the 
other from die medial cord of the brachial plexus; these embrace the lower part of 
the axillary artery, uniting eidier tn from or on the laierat side of that vessel. Its 
fibres arc derived from the (fifth), sixth, seventh, and eighth cervical and first 
thoracic nerves. In most cases some of the fibres tlcrived from C, 7 leave tfie 
lateral bead of the medijn in the lower pan of tile axilla and pass downwards and 
medially, behind the medial head, to join the ulnar nerve (fig, <j63). As the median 
nerve descends through the arm, it lies at first lateral to the brachial artery; aliout 
the level of the insertion of the coracobrnchiilis it crosses in from nf, occasionally 
behind, the artery, and then descend* on its medial side to the bend of the elbow, 
ivhert it is situated behind the bicipital aponeurosis, and is separated from the 
elbow-joint by the brachialis. Its intimate relation to the brachial artery renders 
its course easy to indiaite in the living subject. It enters the forearm between the 
two heads of the pronator teres; here it cros.-«s the ulnar arterv, but isseparated from 
it by the deep head of the pronator teres (fig. h pa«ps“ in-iund the tendinous 

bridge which connects the humcro-ulnar to the radial head of tile flvsor digitoruin 
soperficialis and descends through the rorearm under cover of, and adherent to, that 
muscle, lying on the flexor digiiorum profundus, in this part of its course it twea- 
sionally gives off a oommunioititig branch to the ulnar nerve, About 5 era. alwve 
the fie.xor rciinttculiim it cmeig«» from behind the oblitjuc lateral border of the 
radial head ot the flexor digitomm superficralis and bccotnra more superficial It 
now he* between the tendonsof the flexor digltotum supcrficialts and the Rexor carpi 
radiahs, behind, but rather to the lateral side of. the tendon of the palmaris longm. 
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It tJicn passes behind the flexor retinaculum and ^aina the palm of ihe hand. In its 
course ^rotigh the forcatm k is closely accompatned by the median arteiy, a branch 
of the antedor iniero»scoLis artery. This part of the nerve can be rEpregented on the 
surface by a line drawn downwards from the medial side of the lerminatian of the 


Fig. The cvtnneou* nervtt of 
the rijrht upper limb. Posterior 
vnrfjicc. 


Fia. ^67.—A dlngram ehowing tha diatribu- 
lion of the cultfteoiiA nei^'c* of the riaht 
upper Umb. Poaterior suKace. 




brachial artery* approximately in the middle line of the limb. Just above the wrist 
it projects japeraily from under cover of die palmam longus tendon and. in this 
situation, it lies a little to the medial side of iro tendon of the flexor carp! radtalis. 

Brunchej^ —^Vith■ the exc^don of the nerve to the pronator icrB3+ which derh-es 
its flbrea from the sixth cefvfcaJ nerv'e and usually arises above the elbow-joint, the 
a o 3 o. A. 
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mcdi^ ^ives no branches \n liic arm. As it passes m front of tlie cJIkiw, it 
BuppLics one or X^'o t^irigs to the jnsnt 

In thd fom^rm il* branches are: cnuBCular^ anterior interosseous^ and palmar. 

I'he miismiar hrtimha are derived from the nerve near the elbow and supply all 
tht superficial Hesfor muscles on the front of the forearm, except the flexor cirpi 
ulnaris. 

The antfrior intensteunt nerve arises from the median a$ ft passes bctivecn tlic 
two heads of the pronator teres, and oceoiripanies the anterior inierotscous artery 
alone the front of the interosseous membrane of the forearm in the Interval between 
ilie jiexor pollids longua and flexor digitorum profundus, supplying the whole of the 
former and the lateml half of the latter muscle; it sends branches into the deep 
surface of tlie pronator ^uadratus, and ends by supplying the w'rist-joint. 

The palmar hmtifh of the median nerve arises at die lower part of the forearm. 
Ii pierecs the deep fasciri above the flexor retinaculum, and divides into a laterai and 
a medial branch ; the lateral branch supplies the skin over the thenar eminence, and 
conununicates with the anterior branch of the lateral cutaneous nert'e of the forearm; 
the medial branch supplies the skin of the palm, and communicates with the palmar 
cutaneous branch of die ulnar nerve. 

In the palm of the liand the median nerve is covered by the skin, the palmar 
aponeurosis and the superficial palmar arch, and rests on the tendons of the flexor 
muscles. Immediately after emerging from behind the fic.vor retinaculum it Iw- 
comes enlarged and (liUtcned, and splits into a lateral and a medial portion. The 
tiilerat portion of the tierec supplies a short, stout branch to the following muscles 
of the thenar eminence, viz. the abductor pollicis brevis, the opponens pollicis and, 
usually (p. 647), the flexor pollicis brevis, and then divides into tlircc palmar dmial 
«ere« : twx, of these supply the sides and the joints of the thumb, while the third 
gives a twig to the first lumbrical and is distributed to the radial side of the index 

h ngcT. 1 he medial pinion of the nerve div ides i nto two pa/wor dmtetl iirn>rt Tlie 

first of these gives a twig m the second iumbrical and mna towards the deft be¬ 
tween the index and middle fingers, where it divides into two collateral branches 
for the adjoining sides of these digits. The second runs towards tJie cleft between 
the middle and nng fingers, and splits into two mllatcrel bmnchca for the adjoin¬ 
ing sidt^ of thcje digits r vt receives a communicating branch from the ulnar nerve 
and sometimes sends a twig to the third Iumbrical. 

The palinar digi^ nerves are at first deep to the superficial palmar areh and the 
digital vessels which anse from it. As they pass distally and divide, each arterv 
paiBca between the colUteral branches of the corresponding digital nerve and there¬ 
after lies on a d«fwr plane. In the fingcix the collaierwl digital nerves lie immedi¬ 
ately m from of the wrresponding arteries. Opposite the base of the proximal 
phalamt^, each rellatei^ digim nerve gives off 3 dorsal branch, which joins the dorsil 
digitid branch from the radial nerve, and supplies the skin on the dorsal surface of 
the phalanx. At the end of digit, each «>||atenil digital nerve divides into two 
branch^: one supplies tlie puJn of the firigcr, the other ramifies around and beneath 
the naiL Un the fingm the collateral digital nerves give articular twins to the rncia- 
ca rpophabjigpai and i ntcTphokngcal pin X&. ^ 

The ulnar nc^e (fig. 9(18) arisea from the meilial cord of the brachial plexus 

seventh and eighth cenical and firat thoracic 
nerves. Fhe fibres fmm L. 7 run in tlie lateral cord and ihe lateral head of 
the median nerve, which they leave in the lower part of the axilla. Thev 
then pass deep to the medial head of die median and join the ulnar nerve U 
runs do^wards through the axilla on the medial side of the axillary arterv, inter¬ 
vening between it and the axilkry-vein, and continues downwards on the medkl side 
of^e brachial artery- da ar as the middle of the upper arm. Here it pierces the 
media mte^u^lar Septum, and incline medially, as it descends in fmnt of the 
rnedial head of the tnrep to the intcrva between the medial cpicondvle and the 
ole™, acoompnied by the superior ulnar eollatera! arterv. Ai the elbow it Ii« 
m a groove on the back nf the medial cpicnndyJe, and as'it enters the forear^ 
cen the rtvo heads of the fl«or e^i uFnaris. it lies on the pi^teriur and oblique 
i of the ulmir collateral (medialj ligament of ihe elbow-joim. It desrends along 

* A. L.Liicll,^v Anut^, 55,. founitj j considcruhJr hunriFF nr ■ ■ 
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die aide of the fnreaitn^ lying upon the flexor digitonitn profundus; ita 

upper half is cov'cred by the flexi:pr carpi iilnam ; its. bwer half Jica on ihe lateral 
side of this muscle, and is co\^red by the shin and fasdse. In the upper one-third 
of the forearm, the ulnar nerve h separated ffom the ulnar artery by a considenible 
interval, but in the rest of its extent k He# dose to the medial side of the vessel (fig. 
gbS)* About 5 cm- above the wrist it gives off a dorsal hrandi, and it is then con¬ 
tinued downiv'ards mio the band, passing in front of the fiexor retinaculum on the 
iateral side of the pisiform bone and lying medial to and somewliat behind the ulnar 
artery^ In company with the artery^ the ncn-c passes behind the superficial jrari of 
the reLinacuium and ends by dividing til to a superficial and a deep terminal bmuch. 
Its relationship to the brachial artery in the arm and to the medial epicondyle at the 
elbow render the nerve easy to map nut in the upper part of its course ; a line drawn 
from the medial cpicondyic to the ialeral edge of the pisiform bone fepre^nts its 
oour^ic through the forcarni. 

The branches of the ulnar nerve are ; articular to the elbow-joint^ mu-scular, 
palmar cutaneouSp dorsal, and superficial tcnnxnal and deep terminaL 

The artirufar to the elbow-joint arc scv'rral email filaments which arise 

from the nerve as it lies between the medial epicondyle and olecranon. 

The miisaifar bra/i^fi^s, two in number, arise nenr the elbotv i one supplies the 
flexor carpi ulnaris ; * die other, the medial half of the flexor digitprum profundus. 


Fwj. 969 ,—from of ihc nght upper limb, shewing the position of the 
priiicxpal nrrvcs jmd relative iq I he iiiTfiice. 



'Hie palmar cutaafimhfmch arises about the middle of the forearm^ and descends 
on the ulnar artery (fig. v'iS), ^ving some fiJaments to the vessel, tt pcrfonites the 
deep fascia and enib in the sktn of the palm, after communicating with the palmar 
branch of die median ner^'e. It sometimes supplies the palmaris brem. 

*I'hc ihr%al branch arises about 5 cm, above the wrist; tt passes distaUj' and back' 
wards deep to the flexor carpi utnam, perforates the deep fascia, and, running along 
the medial side of the back of the wTist and hand, divides into two, frequently three, 
doisal digital nerves: one supplies t)te medial side of ttic little finger; the second 
the adjacent sides of tite little and ring fingers. The third, when ptewnt, supplies 
the adjoining sides of the ring and middle fingers, but it may be replaced, wholly or 
partially, by a branch of the radial nerve, with which it always communicates on the 
dorsum of the hand (fig. 966), On the little finger the doraal digital nerves extend 
only as far as the base of the distal phalanx, and on the ring finger as far as the base 
of the middle phalanx \ the more disul paru of these digits am supplied by doraol 
branches derived from the collateral digital branches of the ulnar and^on the 
lateral side of the ring finger-median nerves. 

The rtipcTpcial terminal branch supplies the palman's brevis and the akin on the 
medial side of the hand, and divides into two palmar digital nerves which can be 
coniptessed against the hook of the hamate bone (p. j86J. One of these palmar 


“ Wilfn^ FUn-u 
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ArtaL PkyMwh, jS* I9q4, fo^d a branch rmuiipi; ftiKm ih* M^^th 

to tl« ulMf nerv^ In 86 per cew. nf lubiect*. end believed, (hi cUnicsl around*, 
€>f this branch were tiutnly motor to the fl«or carpi ulnoiii. 
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clipitaj nencs supplies the medial side of the tittle finger tlic other sends a t\%iB to 
join the median nerve and then divides into two eotbicral branches for theadjoimng 
sides of the httlc and ring fingers (fig, 968), I’he oollatcraf branches are distributed 
to the fingers iit the same manner as those of tfie median nerve. The detp terminal 
branefi, aceoiitpanicd by the deep branch of tiie ulnar artery, passes between the 
abductor digiti minuni and flexor digit! minimi; it then perfoTalrs tlie opponens 
digiti minimi and follows the course of the deep palmar arch behind tfie Hexor 
tendons. .At its origin it supplies the three shon muscles of the little finger. As it 
crosses tiie hand, it gives branches to the interossc! and to the third and fourth 
lumbricais ; it ends by supplying the adductor pollids, tiic first palmar interosseoiw 
muscle and. in most cases (p. 647). the flesor poUicis brevis. It also sends articular 
filaments to the wrist-joint. 

It has been poSmed out that the medial part of the flexor dwturum profundus is 
supplied by the ulnar nerve i the third and fourth lumbrieisla. which are connected 
with the tendons of this part of the muscle, are supplied by the same nerve. In like 
manner the lateral part of the flexor diKitorum profundus and the first and second 
lumbri^ are supplied by the median nerve. The third Eumbricel frequently receives 
an aclditional twii; from the medltut nrr^'c. 

The radlar nerve (fig. 970), whidi ia the largtsi bnmdi of the bmchial plejcus, 
derives its fibres from the fifth, sixth, seventh, and cervical and fim tljordCtc 

nGi'\'e3. It dneends behind the third part of the axillaiy artery and the upper part 
of the brachki artciVt and in front of the subscapula Hs and the tendons of the 
bti^imus dorsi and teres major. .Vccompanied by tlie aneria profunda brachlL ir 
inclines backwards between the long and medml htads of the triceps^ and parses 
obliquely across the back of the humcnis in a shallow giioove, and under cover of 
the lateral head of the tncepss On reaching the lateral side of the humerus it piertes 
the lateral intermu^ar septum and enters the anterior compartment of the arm. 
It then descends, lying deeply in the intermuseular fuirow ivhich is bounded on the 
media! side by the brachialis and on the laicraJ side by the brachioradialis, 
and the extensor carpi radiaJis longus, below. On reaching the front of the lateral 
cpicondyle it gives olf the posterior intert^iseoiis nerve. It tiien descends along the 
front of the Ijiteral side of tlic upper two-thirds of the forearm, Jving at first upon the 
supinapr, lateral to the radial artery^ and behind the brachioracfialis. In the niiddlc 
onc-thiid of the forearm, it lies behind the j^mc musde, but k now clq^ to the 
lateral side of the artery- Here it lies first on the pronator teres^ next on the radial 
head of the flexor digitorum superficialis, and then cn the flexor pollids longus. It 
quits the artery about 7 cm. above the wrist, pasaea deep to the tendon of rise 
bpchioradialis, and, winding round the biertl side of the radius as it descends, it 
pierces the deep fasdEi and divides into five, sometimes four, dorsal digital nerves, 
which are dtsjrihuted as foliow's : the first aijppJies the skin of the radial side of the 
thumb and the iidjolnbg part of the thenar eTninence, communioiting with branch es 
of the latentl cutaneous nerve of the forearm ; the second supplies the medial side 
of the thumb ; the third, the laieral side of the index finger ; the fourth, the adjoin¬ 
ing sides of the index and middle fingers : the fifth communicates with a filament 
from the dorsal branch of the ulnar nerve* and supplies the adjoining sides of the 
middle and ring fingets,* but h is frequently replaced by the dorsal branch of the 
ulnar nerve. On the back of the hand die radial nerve usually corntnunicuie;* with 
the posterior and the lateral cutaneous ner^'cs of the forearm. 

In the arm tlac radial nerve corresponds to a fine drawn from the commcncenieiit 
of the brachial artery and carried dowmivards and latcndly across the elevations 
produced by ihe long and the lateral heads of the triceps to the junction of the upper 
and middle thirds of a Line Joining the lateral eplcondvle to the deltoid tuberosity. 
The line of the nerve is then continued downwards on the front of the arm to the 
level of ilie kteml epicondyle, w here it liea 1 cm. or less to the lateral side of the 
biceps tendon. 

The branches of the radial nerve are : muscular, cutaneous, utticuLar and the 
pcisterior interosseous nerve, 

• .^ecerdinj; m ] Lucchiwn, ilw? digitn! nerve w the thumb reaches only at far eb the root 
of the na]t ; the {jne to the forefitt|(er as far hs the middle of ihc middle pKnlatik j and thcnc 
to the middle and rinii: fingets tkpI farther than the proximil iriteqihahtngcjil joint ).—Landofi 
vol. iii* p. 3 
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The muteuiar bramAa njpply the triceps, ancojieus, brachiDradiiili*, exteiiwr 
catpi tadUJia JonguJ and brachialis, and are grouped as media], posterior and UtersL 
The medial muscular branches arise from the radial nerve on the medial side of 
the arm and supply the medial and long heads of the trieepa ; the branch to the 
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medial head is a bng» slender filamenr, which lies close to the ulnar nenc js far as 
the lower one-third of the arm^ and is therefore frequently named the nimtr coltsiemf 
flrrrip. 

The posicnor muscLilar branchy of large sisjc, arises from the nerve 05 it lies in 
the groove, [i divides ituo hlamcnts whkh supply the medial and lateral 
heads of The triceps and the anconeus. The bmiiuh for the latter muscle is a long 
nerve wliJch descends in the substance of die medial bead of the triceps, and gives 
rtumemus branches to it. It is accompanied by a branch of the arteria profunda 
brachii, and passes behind the elbow-joint to end in the anooncus. 

The lateral muscutar branches arise from the ncn'c as it lies in front of the lateral 
intcnuiiSLubr septum ; they supply the lateral part of the brachialis, the hrachio- 
radialiSp and the cxtcnsiir carpi, radklis longus^ 

The cutaneombrunchfs are the posterior cutaneous and the lower lateral ctitancous 
ncivea of the arm and the p«?stcrioT cutaneous nen'C of ttic forearm. 

The pfutmar ^ut/tnevu^ tirrcf ftf thf tirm, of sniall sb^c, arises in the axilb and 
passes to the medial side of the aim to supply the skin on its dorsal surface nearly 
as far us the olecranon. [| crosacs posterior to, and communicates with, the inter- 
asstobrachial nen^e. 

T)ic iaUrai cuf^tevus nmv of ikg arm perforates the lateral head of the 
triceps just below the insertion of the deltoid muscle. It then pusses to the front 
of the cIIhiiv^ lying dose 10 the cephalic vein, and supplies the akin of the lateral part 
of the lower half of the arm ffig, ^64}. The po^r^rurr nerve of the forearm 

arises in common with the preceding branchn After perfomting the lacerul head of 
the triceps, it descends along the lateral side of Uie arm, and then along the back of 
the forearm to the wrist, supplying the skin in Us course, and joining, near its ter¬ 
mination, wath dorsal branches of the lateral cutaneous nenx of the foreunii ffig^ ^4)- 

Tlic articular branches are distributed to the elbow-joint. 

The posterior interosseous nerve (hg. 970) ivinds to the back of tlie forearm 
roui^d the lateral side of the radius benveen the nvo planes of fibies of the supinator, 
it gives a brunch to tlieextensor carpi mdialis brevis, and another to the supinator be¬ 
fore ic enters the latter muscle, and as it traverses its substance it supplies additional 
branches to it. The brunch to tlie extensor carpi radialis brevis may spring from 
the radia! ner^e itself, just beyond tJic origin of the posterior interosseous nerve. 
As soon as it escapes from the supinator on the back of the forearm the post¬ 
erior interosseous nen.^e gives off three short branches—to the extensor digitorum, 
extensor digit! mlnuni and extensor carpi ulnoria—and two long brunches—a 
medid to the extensor pollicis longii^ and ihe extensor indicts, and a lateral, which 
supplies the abductor pollEcis longus and ends in the extensor pollicis brevis. The 
nerve lies at first between the superficial and the deep muscles of the back of the 
forearm, but, at the lower border of the extensor pollicb brevis, it pa^iscs deep to the 
extensor pollicis longus and* diminished to a fine thready runs dowti on the dorsal 
aspect of the intcrossooua membrane of the forearm^ Finally it reaches the back of 
the carpus, where it presents a flattened and sioniewhat expanded termination 
from which riiamcnts are distributed to the ligaRicnts and articulations of the 
carpus (fig. 970}. 

The dermaUfaia (p. 1 192) of the upper limb arc dcscrihcd on p^ 1195, 

Applied AniJ(0»ty\ — The bmebiai plexus may be injured by falls fmm a height on to 
the Bide of the head and shoulder, w'hcrcby the rterves of the plexus ire violently 
srceEched ; the upper trunk f>f the pIcxuA sUaiHins the grestesT ntnount of injury, and 
the subsequent paralysis may be confined to the muscles supplied by the fifth nerve, 
vie* the deltoid, biceps, hnichialis and bmehiuradiaJis, with sometimes the supra- 
spinatua, infraspinatus and supinator. 'Ilw position of the 1 imb, under such conditions^ 
is chmctcrisric 1 the arm hangs by the side and is rotated mediilly ; the forconn is 
extended and pronated- The artn cannot be raised frona the side ; all power of flexion 
of tile elbow is lost* ns is also supination of the forearm. This is kno^vn as Erb's 
paral>’sis, and a very sitnilar condition is ocCnsiQoaUy met with in new-born children, 
either from injury lo the upper trunk fmm the pressure of the forceps used in effecting 
^lelivcry, or Iram traction of ths^ head in breech pFesentaUonii. A Becond veriety of 
partial palsy of the bmchial plexus is kno^Ti as Klurripkc'a paralysis. In this it is the 
eighth ccrricaf eind first thoracic nerves that are injured, either before or after they 
have joined to form the lower trunk, 'fhe subMipjent paralysis aifeeis, principally, the 
inTrinsic muscles of the hand and the flexors of the wrist and fingera. 


] if>S 


NEUROLOGY 


I he bi^chini pl^rua mjiy 4E0 be iiijurcd by direct vinlE^ficc or b g^inAhot woldilI, by 
vioicni tf BctiLm nti the nun, or by cilort at rL-dueinj^ 3 dislocation of die shpujdcF'-jcint j 
and the emount of pacftlj'^is wllj depend, upon the amount: of injury to the constituent 
nerves, \\ hen the entire plexus is involved, the hole of the upper will be 

paralysed and suin^tlieuc. In autne eeses the injury appenrs to be mther a tettrinff au-ay 
oft he roijts of the ncrti'cs from the spinal itiedulla than a rupture of the nerves themselves, 
and where this involves the first thomcie nerve the pupil on the same aide may be con¬ 
stricted, on account of dnmHge to the pt^^anjrlionic fibres destined for the supply of the 
dilator muscle. Tl^e brachial pkrtus in Uie axilla ia often damaged fmm ihc pressure 
of 0 cruidi, piroducit:i^ the condition known as ' crutch paralyaia/ In these casea the 
radial the nerve mtMl rreqtiently implicaled ; the ulnar nerve SLitfcTS next in fre¬ 
quency. The median and radial nervL-s often suffer from ' liJeep palsies,' paralyais 
from pre^ure coming on while the patient is profoundly asleep under the influence of 
alcohol or some tiamiEic^ 

ParELly«is of the long thoracic ncoc throws the semitus antcricir muscle out of 
action^ and may occur in porttfrt who have to carry heavy weight? on the shoulder^ for 
die ncnc is exposed to tnjury as it hen in the pt^tendr triangle of the neck. The 
inferior angle of the aLUpula k drawn towards the median plane, by the unopposed 
action of the rhomboids and tcvaior scapu];?, and Eends to project backw^arda (winging of 
the scapu la) when i)sc arm h held horizoti tally forwords or when forward pushing move¬ 
ments a re at tcniptcd against rcs[&tan«. 1 Itc arm cannot be above the ho H^onfal 

unless the inferior angle of the scapula is pusbed latcraJly and forw^ards for the patient. 

The icircumfitx accuun i of its counie mund tlic surgical neck 

df the humerus, is liable m be injured in fractures of this part of the bone, and in dislocij- 
dona of the shDiddcr-jornt ; paTaiysiaof the deltoid^ and anMthesia of the skin over t he 
lower part ot that musete, feiult. P^nJysb of the deltoid renders effective abducdnn 
of the arm |mpo$aible. ’'riie assooaicd paralyafs of the tenra minor is not easily 
dcmcvnstml^d. 

The mniitm nett'e is liable to injury in wounds of the forearm. Wlien it is com- 
pliJcly divided above the oriBin of its muscular and atifcrior intcrosiiKni* htnnehes 
there is iosi of ficaiuti of the second phnlnnges of all the finitera. and of the tenninai 
plialaoKcs of the indeiL and mtddle finffcr*. I’lexion of the temiitml phalanges of the 
nng and tittle fingiTS is effected by that portion of tbc flexor diffitoram nrofundui 
which ift supplied by the dnar nerve. Tbcte is power io flex the praeimaJ phalanges 
thToiiBh The interossci. T he thunrb cannot be opposed or abducted nor can it be flexed 
ut the imerTihalanBoalJoim p, i and k ismaintoired in a pwition of eitcnsinn 
and adduction. There h loss in the p-jwer of prorating the forearm ; the brachio- 
radiaiia Jtas the power of bnngtng the foroami into a position of mid^pronatioo but 
beyond this no further proruiiion cun be effected, T1,e wrist can bo flexed bv the 
flexor carpi nlnart*, but flexion is combined with adduction of the hand There is loss 
Of tmpaimietit of sensation on the palmar surfaces of the thumb, index, middle and 
radial half of the ring fingers, and on the dorsal aurfaws of the same Angers oi,:r the 
asi mo phalimg« ; ^cept in the thumb, when; the Ioh of sensation is limited to the 
back of t^ distal phalanx. Owing to the paralysis of live short muscles of the thumb 
ail dpe-hke hand IS prrxiuctd. More commonly, however, the rterve is inlurrd lust 
above the flexor retinaculum, when the power of flexion of the fingcTa and nronarion 
of the forearm remains intact, unless tlie flexor tendons are slito diVided 

The «fftie a also liable to ^ injured in wounds of the fo«arm| such iniurv 
lading m impaired power of ulnar flexion, and, upan an attempt being made to flex 
the v^iFt, the hand is to the radnU side by the flexor carpi radialis ; there is 

inability to spread mil the fingen owing to paralysis of the dorsal inieroMei. and for the 
same reasori the fingen, cspeoally the nng and little lingers, cannot he flexed at the 
metacarpop lelangeal joints or exiemiecl at the interphakjijrHil joints, and the hand 
ii»umM a claw shape froin the action of the opposing «iu«l« ; there is loss nf power 
^flexmn in ti>=; htfic and nog Bngera ; and there k inability to adduct the thumb. 
The miwclB of the hypoihe^r eminence become wusted. Sensation is lost, or im- 
paired, in tlic slim suppli^ by the nerve. 

The i,rni also is frequently injuref In consequence of its eloM felationship 
to the h^unie^. It ts often tom nr uyuped m fractures of this bone, or subsequenU? 
mveU^d dunng the repair of the fracture. It is alw liable to be exmtused ag^nst th^ 
^e by ticks or to be divided in ^unds of the arm. When pnnd^sed. the 

hand IS flexed at the wTiatand ties flaccid. This is known as imrf^ffrojirThe^i^ 

"" the last two phalanges 

only will be extended, through the action of the Jumhrical end interosseous 

fuse phalangw remain flexed, ^nston of the wffst« impossible. Supination 

extent if the fonwtm be flexed so as to allow of the aetkm of the hit^s. The now^of 
exletmon of the forcami is Imt on nerount of paralysis of the tricep*, if rhe iKio the 
nerve hss taken piscc near its ongm. A* the radial nerve has only a very ^^alj'sSa of 
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exc|u$ivt: «appif, the esten: of the aimk=s^c«i!i assocmtcd wirh sev-erc injurleB to ihc 
nerve is suTprlsin^ly and is confined to d IttnflecE region on the ktcrul part of the 
donuni of ibc himcl;. 


TTfE VEN'rftiVL RAM] OF THE 1 HORACIC XERM-S 

The ventral rami of the thoracic nerves (iig, are twelve in nnmtHT on 
each side. Eleven of them arc situated bet wee n the ribs^ and are there bw Erm^ed 
mtmQsta! \ the twelfth lies below the last rib md is usually termed the subcortai 
nrm\ Each nen-e is eoimcctcd with the adjoining ganglion of the sympathetic 
imnk by a grey and a ^vfiitc raiTn4S cimun unicans ; occuslQiially these two rami arc 
cneloscii in n common slieath, but, as a rufe^ ihey ren^uin separate and the grey 
ramus joins the ner^ e proximal »o the point at which the w hite ramus l eaves it. The 
intcrcijStal nerves are diaidbulcd chichy to the Farietes of the thorax and abdomen- 
Tlie ftrsi two ncires supply fibres to the upper limb in addition to tlieb thoradc 
branches ; the next four are limited in their distribution to the parietes of the 
thotdx ; the lower five supply the parietes of the thorax and abdomen; the lower 
Bcveis supply fibres to the diaphmgm t the subcostal nerve is distributed to the 
abdominal waH and the skin of the huttuck. Communicating branches link the 
intercostal nerv^cs lo one another in the posterior parts of the mtcreetsuil spaces and, 
in additional the lower five communicate freely as they Traverse iheal>dominal wall.* 

The upper thoracic nerves.—-The ventral ramus of the fir^t thoradc nciv'e 
divides inro a lar^ and a small branch. The large branch ascend^ tn front of the 
neck of the firsi rib on the lateral side of the superior intercostal artery, and enters 
the brachial plexus (p. 1155). I'he small branch is thc^rjt intma$£a! m/jw ; it runs 
along the first intcrtosial apace* and ends on the hunt of the ehestas the first anterior 
Cutaneous branch of the thorax. Not infretiucntly this anterior cutaneous branch* 
which is always small, may be wanting^ The first intercostal nerve as a rule gives off 
no lateral cutaneous branch ; but sometimes it sends a small branch to cximmunicate 
wi^ the intcrcoetubracliial. The first thoracic nerv^c freque ntly rcDGives a connecting 
twig from the second nerve ; this tivig ascends in front of the neck of the second rib,. 

'I’hc ventral rami of the second, thirds fourth* fiftfi, and $ixrh thoracic nerves 
pass fi>rw'aids (fig, 973} in the intereustal spaces below^ the {nccrcostal vessels. At 
the back of the chest they lie beuveen the pleura and the prjsterior intercostal 
membranes, but in moat of their course they run bctw'een the internal intercostal 
mu 9 c[es smd the intercostaleii intinij (p* 583). \\'herc the latter mtiseles are absent, 
the nerves lie in cmitact w iih the pan eta] picunii. Near the sternum, they emss in 
fmni of the internal thoracic artery and rransversus thoracis muscle^ pierce the 
internal intcrcostals, the extema] intercoatal mcmhnmta, and the pcctoralis nmjor^ 
and their tcnninal branches form the miirrm cutiineoui nmcf of ihr ifmriix \ they 
supply the skin of the front of the thorax ; the anterior cutaneous branch of the 
second ncnT may be connected m the medial supraclavicular nerves of the cervical 
plexus- Twigs from the anterior cutaneous branch of [he sisEh nvn-e supply the 
skin of The abdominal w all in the upper pact of tJie infniSEcmdl angle (fig. 987). 

Hmnchfi. —N'umerous slender muscular filamenis supply the iniercostal muscles, 
the serratua posterior superior, and the tran^versus (horacia. At the front of the 
thorax some of these branches cross the costal cartilagci from one intercostal 
space to another. 

Each mtercoslal nerve* except the first, gi ves off a iotlofrrtil branch f and a toteral 
culafifom branch before it readies the angle of the rib» The cul lateral branch rollmvs 
the lower border of the space in the same intermuscular interval as the main trunk, 
which it may, or may not* rejoin before it is distributed os an additional anterior 
cutaneous ucirc. The lateral cutaneous branch accompanies the tuairi trunk for a 
time and then pierces the intercDstol muscles obliquely. With the exception of ilie 
lateral cutaneous branch of the second bitereostal nqrv^e, each divides into anterior 
and posterior branches* which subsequently pierce the serratus anterior muscle. 
The at^ferioT branches run forwards over the border of the pectoraEis tnaior and supply 
twip to the ovcriying skin ; those of the fifth and sixth nerv^es ^ppiy twigs to the 
upper digitatJons of the external oblique museJe, The pofferior hrariches tim back¬ 
wards, and supply the skin over the scapula and Utissimus dorsi. 

* F. DavEtfB, H. J. GUd&tone and R. P. .di«zi.*46, >03^+ 

t F. DuvtrE, _7. 70, 
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Tlic btcrai cut^n^iiH brjijich of the ^cand intercost^S nerve is named the 
cGitai^ttchuilnrrut (fig, ^), h crosses the axilla to gain the medial side of the arm, 
and joins with a hJantmi from ilic medial cutancoiia nen'C of the aim. It then 
pien^ the deep fascia of the ann^ and supplies the skin of the upper Julf of the 
media] and posterior parts of the arm, communieating with the posterior brachial 
cutaneous branch of the radial ncrv'c. The siae of the biiercostobrachial nen'o is in 
inverse propordon to that of the medial brachial cutaticdus nerve, A accond inter- 
costobrachiaJ nerv^e is frcrquently given off (ram the anterior pan of the lateral 
cutaneous branch of the third intercostal ncr\e ; it supplies filaments to the axilla 
and to the medial side of the arm. 

The lotvcr thoracic aerves.— The veniml rami of the seventh, eighth, ninth, 
tenth, and eleventh thoracic nerv'es are continued anteriorly from the interewtaJ 
Spaces into the ahduminal wall. 
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A* they approach (he an ten w cn<b of the spaces in which (hcv lie, the «vcmh 
and aghth nerv« caw u/Hrarth and medUJIy across the deep surface of the costal 
margmuMtnuoting therosetves between the digitations of the irarmeraus abdominis 
to gam tJje deep aspect of the posterior rameiia of the aponeurosis of the internal 
obbque. Having priced this j^yer. they lie behind the rectus abdominis muscle 
and continue upua^ and medisUy (% 973) fgr □ gh^rt distance parallel vrfth the 
costa margin. Both supply the fectua abdominis and. having pa^ throueh the 
muscle near iis at^^ge,pie«e^^^^^^^ ofits sheath, lo reach and supply 

t^kin. It w I be observed that boA die seventh and the eighth intercostal neVEci 
cross ^e costal margin medml to the lateral border of the rectus abdominis and 
tlieiirrorr enter its sheath by piercing its posterior wall, 

The ninili, tenth and eleventh intercostal nerves pass between the difliutioiw of 
the tnuisversua abdominis to pm (he interva] betw'Xthat muscle and 

but the tenth and eleventh nerves run definitely downwards and medially. When 
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they reach the lateral edge af the rectus nbdumints^ they pierce the pKKstcrior JnmcLIa 
of the intfrual oblique aponcurosia and pasd behind the nuisclc. I^hey end liLe the 
terminal branches of the seventh and eighth intercostal fictYes. The tenth nerve 
iupplics the band of skin which includes the umbilicus (hgs, 971 and 987}. 

lower intercostal nerves supply the intcrcostalp the subcostal snd the 
abdominal museles^ and the last three send branches to the serratus posterior 
inferior. Like the upper intercostal nerves the lower intercostal nerves give olf 
cGUatfral and taln^al cutaneoui Amraf/jtr before they reach the angles of the ribs. 
The collateral branch may* or may not, rejoin the main trunk, but, if it does so, it 
leaves it again near the lateral border of the rectus abdominis and runs forwards 
below it (fig. It pierces the muscle and the anterior ivall of its sheath near the 

linen alba and supplies the skin. The lateral cutaneous branches pierce the inter- 
cDstals and the external oblkjue muscle, in the same line as the lateral cutaneous 
branches of the upper thoracic nerv^es, and divide into anterior and posterior 

Flc. A dioirnifti of tbc c»iiih; of 0 cypiH:]il huereoftsl nerve, 'PHc tnu*[;ulHr 

dfid the colloleinJ hmnciics ate nrtt flhoVi'tt. 


lAUmS SrfIPKA p^i#jww?T f^utwr*iiriwjw tfjf. 



branches, which arc distributed to the akin of the abdomen and back respectively ; 
the anterior branches also supply twigs to the digitatlons of the extern^ oblique 
tnusclcp and extend downwards and fonvorda nearly aa far m the margin of the rectus 
abdominis ^ the posterior branches pass backwards to supply the skin over the 
latissimus dorsi. Each lateral cutaneous branch descends as it pierces the external 
oblique muscle and the superficial fascia so that it reaches the skin on a level w’ith the 
corresponding anterior cutaneous branch and the cutaneous branch of the corre¬ 
sponding domal ramus (p. 1149). 

The YcntniJ ramus of the twelfth choracio nerve is larger than the others, 
and often gives a communicating branch to the first lumbar fien^e. Like the inter- 
Cfjstal ncni'es it soon gives off a coUflitral branch. It accompanies the subcostal 
artery along the lower border of the tivclfth rib* and passes behind the lateral 
lumbocostal arch. It then runs behind the kidney, and in front of the upper part 
of the quadratus lumbonim, perforates the aponeurosis of origin of the iransvereuni 
and passes forwards between iliat muscle and the obliquus intemus, to be distri¬ 
buted in the same manner as the lower intercostal ncrv-cs. It communicates with 
the iliohypogastric nerve of the lumbar plexus, and gives a branch to the pyra- 
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midalis. T^c (he twelfth thoradc ncne piefees (he 

iniemji and extenuJ oblique muscles, givcsi a twig to tlit? lowest sUp of tbc latter 
over the jIim erwt abgut 5 cm. behind the anterior superior iliac spine 
L g- 981)1 and IS distributed to the fikin of the front part of the huitock, some of its 
filaments reaching as low as the greater troehsmter of the femur. * ’ *""’*' 

r,ri If raafy <ri8eases sffectm* the nervc-trirnks at or near their 

nf S pcriphcml tuminstions. Thus, m Pott's disease 

Sn of aensation complained of is often a 

fetl round the abdomen, and in these cases the 
sihiation of the sense of lamstnctian may serve to loealise the disease in the verteb^ 

Fro. wa^A diascenm n> show the couraet caken bv the seventh eiehth and 

nzsKLirri-!" 



tStijitricr tpiyoiUnff 


{loxtai 

atrtiUigt 

StfUfnlA 

TfimirirsMd 

mwxU 

tupfi>tr 

jSftrsi) 

Ei^AiA eoMial 
carlUifff^ 

Ei^Aih initr-r - 
coital amtft 


Tli« ■Mofnlfit* mwela Uh twfi ctu JKTdn > i„ ___ <_ t,_ , 

ni«t U HTtme Bid iIb uii^ end rfriil^Ihih 

downvmnlii, expima ihe pwenw mil <p( ihe iIhW cMtiuse , in lemt |bi« hn Iwoa tunuJ 


** bone dtseoM is more extensile and two or mote nervia ate 
involved, a moteipmci^, diflused pain b the abdomen is felt. 

Atfim, It must be ^me in mind that the nerves which supply the skin of the 
abdomen supply also the planes of muscle which cniutitut- thr.Z,!, - r I? 
abdominal wall, and this is of importMCe in SSec^e SI **"' 

htiury. A blow on the abdomen. « ™cLa <ScSr 

vmtT^ if the miuicli:? are in a conditipn of fiim c^mtmertmn - Ji ^ 

*e muscles haxis been taken unawares, and the blowhas bem stmdl^Vf^fh* 
m a state of rest, an injury insuffirient to produce any lestcm of tbs 
bt-en attended with rupture of some of die ebd^ii^ '^all h“ 

therefore, of immediate relic* contraction u»n X^c^fnt of -V. - 
overestimated, and the origin of die cutaneoS^^ and motor fibr^ 
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mcnl5 of (he spinnl cord results in a much more mpid response on the pertef chc mu^cl^s 
to any peripheraf AhinulcitiDn of the cutaneuiun hldEnctits than would bv the esse if the 
two sffte of fibres were dejived from independent sourues> 

The nerved supplying itic dbdcmiina] muadcs and sfein, duriycd from the |i:>wct 
intereoptal nerves, are intimarely conneoted with the sympathetic nflrvca supplying the 
abdominal viscera through titc lower thtTradc gang]in, fr^ which the splanchnk nerves 
are derived. In con3cqucnce of this, in Licemtion of the abdanunaJ viscerap and in 
itcuic peritonitis^ the musics of the belly widl become finniy contracted^ and thus as 
far as possible pre^er^^c the abdoEnmsl contents in a condition of teat* 


THE VKNTRVL R.AM] OF THE LL'MliAK XERVRS 


Tfic ventral rami of the lumbar nerves increase in si^ce from the first to the 
last. They arc jointd. near their nripm, hy grey rami eammum£an{es from the 
lumbar ganglia of t\K sympatlictic trunk, Tliesc rami constat of long, slender 
benches which accompinny the lumlTar arteries mund the sides of the vertchnil 
lK>dica, under cover of the psoas major. Their uirangement is somewhat irregular : 
one ganglion may give rami to two lumbar nerves^ or one lumbar nenx may recct%*e 
rami from two ganglia : not infrequently the rami arise from the sympatbctLc trunk 
lierwetm two ganglian ^ The first and second, and sometimes the thirds lumbar ner^-es 
are each oounecied wi th the I lieu bar part of the sympathetic trunk bv a ichite mmm 
eommirnkans. 

The ventral rami of the lumbar nerves pass dow nwards and latetallv behind the 
psoas major, or between ii& fasciculi. The first three nents and the greater part of 
the fourth, form the ptexm. 'I’he smaller part of the fourth nerv"e " jains 

with the fifth to form the lumlwafrai tmak^ which assbis in the formation of the 
sacral picitus. 


The Lombah Plexus 


The lumbar pleiru:s (fig, 97+) is situated in the posterior part of the psoas major, 
in from of the transverse processes of the lumbar vertebrse ; it is formed by the 
ventral rami of the first three lumbar nerv^es and the greater part of the ventral 
ramus of the fourth ; the lirat lumbar nerve receives a branch from the last Lhomcic 
nen'e* 

The mode in which it is arranged varies in difleront subjects, but the usual 
condition is the following. The first Jumbar ficrvc^ supplemented by a twig from 
the last thoracic, splits into an upper and a lower branch ; the upper/larger bnuich 
divides into ihc iliohypogastric and ilio-tnguinal nerves ; the lower, emoikr brancli 
unites with a branch of ihe second lumbar to form the genitofemoral nerve. The 
reiraindcr of the second iterve^ the third nerve, and the part of the founh nerve 
ivhich joins the plexus^ divide into ventral and dorsal brancheSn Tile ventral 
branch of the second unites with the ventral branches of the third and fourth nerves 
to form the obturator nen^e. The dotsal branches of the second and third nerves 
each divide Into a smaller and targer part; the smaller parts unite to form the lateral 
Temonil cutaneous nerve^ and the larger parts join with the dorsal branch of the 
fourth nerve to form the femora] nerv'e. The accessory obturator^ when it exists, 
arises from the A'cntral branches of the third and fourtlt nerves. 

The branches of the lumbar plexus may therefore be arranged as follows : 


Muscular 

Iliohypo^tric 

llio-inguinal 

Gcntiofcmoral 


12 T.p I, 3, 3, 4 L. 
1 L. 

I L, 
t, 2 L. 


* T|i( feunh ecrvvaoltcn tcmird ihenervtu /umt/n, fraiii the fact that it aSHubdivideeJ 
Tween the twoplexuw. tnmo 4 tca 5 « die fourth EumbarUthe nenm/wa^ii j but ihif irnttiov- 
mem is fteqyenily dirpaned from. The third is occnionilly ihr luweit nerve whtdfi cnirra 
the lumbar pIcxuE. fipvmft ■£ the ume cime some fibres 10 the satrmi plexus, and thus fonnma 
the ntrvu9 furealis t or tntli the third and Fourlii may be finical nc^fvica. When this occurs^ 
die pkKui Is teTiiMrd orpire/Sxfd+ More frequently the fifth nerve Is divided Ijctwe^n the 
lumbar end iktaI pItKUKS, and eonifitutn the nemis furoilis ; and when thk takes pEbcc^ 
the plcxiu IS distifiitmshed ta a iinc or p^tifixed pkxui. These variitiona nfcefsarily prod ^c^ 
torrespondina modificstions in the saVni plexus^ 
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I pLiierAl cucancous, of thigh ^ 
Fentoral . . . , 

OhtLiniEOr . . . . 

Accesson,- obiumtor 


Dorsal divisions- 
. 2 , 3 L. 

. 2p 3, 4 h. 
\*ciitral divbioitB, 

■ ip 3 . 4 

■ 3 . 4 


Muscular btMches are distributed to die ijaadratu^ lumbonmi from the 
nvclftJi thoracic Jtnd first three or four lumbar nerves ; to the psoas minor fitim the 
firsts to the psoas major from the second, third andp somettmes* from the fourihp und 
to the ifiacus from the second and third lumbar nerves. 

The Iliohypogastric nerve ari^ from the first lumbar nerve (fig. 974)- il 
emerges from the upper part of the lateral tKirder of the psoas major, and crosses 
obUi^uelv behind the lower part of the kidney, snd in front of the quadratus lum* 
bonim^' J ust above the Uiac crest it perfonites the poste rior pan of the transvereus 
abdominis, and divides betwetn thai nuisck and the obliquus intcmus atidominis 
into a lateral and «n anlerior cutaneous^ branch. 

File latrrfti iufuttroaj hrandi plcreea the internal and external oblique muscles 
immcdiaiclv above the iliac crest at a point a little behind the tiisc branch of the 
twelfth thoracic ner\-e ; ii is distributed lo the akin of the anterior part of the side of 
the buttock- 

Thc isntrnor cufarjeous branch (%. 971) turn between the obliquua iniemus and 
transversus^ supplying twigs to both muscles. It then piercea die obliquus intern us 
at a p^Jint about z tm* on the medial side of the anleriorauperior iliac spine, perfor¬ 
ates^ the aponeurons of the external oblique about 3 em. above the superficial 
inguinal tingv and ts distributed to the akin of the abdomen above the pubis. 

'Hie iliohypogastric nerve communicates with the last thonicic and ilio¬ 
inguinal nen'es. 

The iUo-inguinal tierve, smaller than the iliohypogaatric nen'e, arises with it 
from the fim lumbar nerve (fig. 97+)r Tt emerges from tJie lateral border of the 
psooa major, with or just below die iliohypK^gastric nen^e^ and, p:issing obliquely 
scrof^ the quadratus Itunbomm and the upper part of the iltacus^ perforates the 
transversus abdominis, near the anterior part of the iliac crest, and communicated 
with the iliohypt)gastricnerve. It then pierces the internal oblique muscle, distribut¬ 
ing filaments to it, lies below the spermatic cord in the inguinal canal and accom¬ 
panies it ihrotii^h the superficial inguinal ring. It is distributed to ilie skin of the 
upper and medial part of the thigh, to tJie skin over the root of the penis and upper 
part of the scrotum in the male (fig- 97and to the skin covering the mons pubis 
and adjoining pan of ihc lab him inajui* in the female. 

The of the ilio-ingumal nerve ii in mverse proportion to that of the ilk>- 
hypogastric. Dcfiiiionally it is very smaUt and ends by joining the ilinhypogBstric 
ner^'c ; in such cases, a brarii:h from the diohypagastric takes the place of the ili[> 
inguinal, nr the bttcr nerve may be altogether abseitt^ On the smqlugy of the infer- 
cestal nerves the dJo-inipiioa] nerve may be regarded es the collateral htanch fF. 
Da\'ies, 7. AnaL, 70, T935) of the firei liutibar nerve* and the iliahypogBstric as the 
main trunk, which gf^-ca o^ the lateral cutaneous branch. 

The genitofemoral nerve arises from the first and second lumbar nenes (fig. 
974), k passi:^ obliquely forwards and dowtiwarda through the substance of the 

K major, and emerges on the abdominal surface of the musde near its medial 
T, opposite the third or founh lumbar vertebra; it then descends on the surface 
of die psoa^ major^ under cover nf the peritoneum, and, crossing obliquely behind 
the ureter^ divides at a variable distance above the inguinal ligament into the 
genital xmd femoral branches. The geniuifemoral nen e frequently dividra close 
to its origin, and its two branches then emerge separately through the psoas 
major. 

TUt genital branch crosca the lower end of the external iliac artery, and enters 
the inguinal canal through the deep inguinal ring; it aupphes the cremaster, and 
gives si few' filaments to the skin of the scrotum. In tJte female, it accdmpaiiLea die 
round ligament of the uterus and ends in the skin of the mons pubis and labium 
majn^^ 

The feiNora! hranch descends on the lateral side of the external iliac artery’, and 
sends □ few filaments round it; it then crosses the deep cireumflex iliac a^tc^>^ and 
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behind ihe mguinsl ligament, enters the femoral sheath, lying lateral to the 
femoidartcry. Itpicrcestheantcrior layer of the femoTiil sheath and the fascia lats. 
and siipphcs the skin over the tipper part of the femoral tiiwgle {fig-_97S)’ 
communicates wilh the intermediate ctttaiicous nerve of the thigh, and gives a few 
ttvigs to the femoral artery. 

The lateral cutaneous nerve of the thigh arises from the dorsal branches of 
the ventmi tami of the second and third lumhar nerves (fig, 974). It eoturges from 
the latcnil border of the psoas major, and croes« the iliaeus obliquely, running 
towards the anterior supenor iliac spine. On the right sitle the nerve passes behind 
and hiicial to the cascurn, from which it is separated by the fascia iliaca and the 
peritoneum t on the left side, it pass^ behind the lower part of the descending 
coton. It then passes behind llic inguinal ligament and in front of or through the 
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sartorins into die thigh, where it dirides into an anterior and a posterior branch 

^^^'^c^aitlerior branch becomes superficial about to cm. Iwlnw the anterior supnor 
iliac spine, and is distributed to the skin of the an^r and lateral the thigh, 

as far m the knee. Its terminal filaments frequent y commumcatc with the cutaneous 
branches of the anterior divirion of the femoral nerve with the infrapatellar 
branch of the saphenous nerve, forming with them the ^teilar ble^i. ^ 

The poiieriar frnwcA pierces the fascia lata it a higher level than tlw antenor 
branch, and subdividrs into filaments which pass backwards to su^ly the akin on 
the lateml surface of the limb, from the level of the grea^r 
the middle of the thigh. It may also supply twi^ to the skin of the gluteal region, 
'I’hc obturator nerve arises from the vential branches of the ventral ^ 
the second, third, and fourth lumbar nerves (fig. 974}; ihe 

is the largest, while that from the second is oft^ very si^l. It desronds through 
the fibres of the psoas major, and emerges from its medial border at the hnm of the 
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jwlvis, where it pitSKCs tHiliind the common iliac vessels, and on the lateral side of 
ihe intcmai iliac vessels. U then mils dovcnv^imis and along the la^cnii 

\vm of the lesser pelvis lying on ilie obtunitcir itiicmys, above and in front of the 
obturaior vessels, to goin the upper parr of the obturator foramen, through which 
it ecitcra the thigh. At ihc foramen it divides into an anterior and a posterior branch, 
whtch are separated at first by a few fibres of the obturator cxlemus, aod lower 
dowm by the adductor brcits. 

arturtorhraneh ffig. 977) kaves the pelvis in front of the obturator extemus 
and deseends in front of The adductor brevi*^ and behind the peedneus and adductor 
Jopgus ; at the lower border of the latter muscle ii comniunicaics with the mcdi-al 
oitaneous xuid ^phcfiaus branches of the femoral nerv-e, forming a kind of plexus 
(often temu?d the itihjmioriai It then descends upt>n the femoral arterv to 

which It is rinally dtsiribuicd. Near the obturator fonamm this branch givci an 
ameuiar tw ig 10 the hip-joint Behind the pectinctis, it distnbuics branches to the 
adductor EooguB and gracilis, and usually to the adductor brevis, and in rare cases 
to the pectineus; it receives a filament from the accessory obturator nerve when 
that nm?e h present. 

Oc^funally ihe communttadng bnmL-h to the media! cutaneous and saphtyioua 
bnmehea of tht fcruoi^ neiye is continued dowm* oa a cuioneous branch, to the thifih 
sod Icfi. \Mien this is so, it Emerges from behind the lower border of the adductor 
longus. descends alun^j the posterior mamhi of the sartorius lo the medial side of the 
knee, where it pierces the deep f»eia, ctumuunicates with the saphenous ncr^e and is 
distributed to the skm hal^ay down thic medial side of the Isg. 

The peJlmor hranck pierces the ajitenor part of the obturator cxfertiua, and 
supplies this muscle ; ii then passes behind the adductor brevis on the front of the 
adductor magnus. and divides into branches which arc distributed to the adductor 
n\a.gauat and to the i^dducior brovis when this muscle does not receive a branch from 
the ^lerior division of the nerve. It frequently gives a slender ardoilar kramrh to 
trie knee-joint ^ tills bratich perforates the Iotvct part of the adductor rnagtius or 
paaste tbrough the opening which teanunitK the femoml artery, and enters the 
popliteal fosM. Mere it descends upon the popliteal artery, to the b^ck of the kntx- 
joini, where it pierces the oblique posterior ligament of the knee, and is distrihutcfl 
to the articular capsule. It gives hlaniems to the popliteal artery. It has been 
described • as receiving one of more communicating branches from the saphenous 
nerve (p, 1179) and as being ditidbured to the posterior part of the capsular Ifga- 
ment in its supero-medial part* ^ 

I'he accessory abturator nerve (fig. 974) is present in about 29 per cent, of 
suhjecte. It IS of small size, and arises from the ventral branches of the ventral 
rami of the third and founli lumbar nerves. Jt descends along the medial border 
of the psoas major, ertutcs the jupa-iitr ramut of the /wAm hrhind the peetiiuus. and 
divides into branches. One branch cntcre the deep surface of the pcciiiicus - 
another goes to the hip-Jaint ; a third communicates with the anterior br^ch of the 
obluratfir Occaaionally the sectary ahturamr nerve is very- small and 

supplies only the pectineus. 

Hie femoral nerve (fig. 974). the largest branch of the lumbar plexus, arises 
from the dorsal branches of the ventral rami of the second, third and fourth lumbar 
nen, us (fig. 974>. It descends through the fibres of the psoas major, lemerEiniF frojn 
the imiscfe at the lower part of its lateral border, and passe* down between It and the 
diacus, deep to the iliac fa-saa ; it then passes behind the inguinal ligament to enter 
the thigh, ami splits into an anterior and a pofiterjor division. Behind the inguinal 
ligament it is separatinl from the fcmDcal artery by a portion of the psoas major 

Within the abdomen die femoral nerve gives olf amall branches to die iliac^is 
the nerve to the pectineus, and a biancli which is distributed upon the upper 
part of the femoral artery; the latter branch mav arise in the ihiah. The Hereto 
rite pcrriitrtu arise* from the medial side of the femoral nerve near the tneuinaj 
Iigamttit. passes behind the femoral sheath and enters the anterior surface of 
the rauacle* 

The anterior division of the femoral nerve gives off the intermediate and 
medial cutaneous nerves of the thigh (fig. 975), and muscular branches to die 
^ajtonuj. 


• Cardurr, Anat. ini, ly+S^ 
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The iatmnediatt mtmeom nm* of thr thigh pkrees the fasciA Iota about S cm. 
below the inguinal Jignment, either as two orauchca^ or aA a siuglc trunk 


Flu. 975.^—^Thc eurjin«ous nttva of ibc 
Hghi hw^t limb. Amedor 


fjo. 976.^—A ilitjgtuii flJviwinif the sefnienEal 
dutriboijari of clu; njtniwni^ iwrve* of iHe 
hghE lower liiobr AhinriDr turfMct. 




which quickly dividea lUto tn^o branches; these hratiches descend verti¬ 
cally on the front of the thigh, and supply the skin as low as the knee. 
They end in the patellar plexus (p. lateral branch of the intermediate 
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amn% hut at the apex of 
the femoral triangle It crosses 
in fmnt of tlio anery and 
divides into an anterior and 
a pi^ierinr branch. Before 
dividing, the nerte gives off 
a few filaments which pierce 
tliii fascia lata to stippfy the 
skin of the medial side of the 
thigh, in the neighbourhood 
of the long saphenous vein ; 
ofie of these filaments emerges 
through the saphenous open¬ 
ing, and a oeconJ becomes sub¬ 
cutaneous about the middle 
of the thigh. The anfsrjfyr 
hrstich runs downwards on the 
sartorius, ^H::rforatcs the Fascia 
bta ot the Junction of the 
middle with the tower one- 
third of the thigh, and divides 
into tw 0 branches ; one sup- 
pi ies the skin as low the 
medial side of the knee; the 
other crosses to the lateral side 
of the patella, coniinunicatlng 
in its course with the infra- 
patellar branch of the saphe¬ 
nous ncriT. The pesfenW 
britttch descends along the 
posterior border of the &ar- 
torius to the knee, where it 
pierces the fascia lata, com- 
municaix^ with the o^henous 
ticrve^ and gives on several 
cutaneous brmnehes. It then 
pass^ doivn to supply the 
skin of the mtdiMl side of the 
leg. Beneath the fascia lata, 
at the low'er border of the 
adductor Longus, it joins to 
form a plexiform network 
MTton&lp!txvs) with branches 
of thesaphennusand obturator 
ntr^’es. When the communi¬ 
cating branch from the ob¬ 
turator ncriT la large and 
continued to the skin of the 
leg, the posterior branch of 
the medial cutaneous is small,, 
and ictmitiatcs in the plexus^ 
occasionally giving off a few' 
cutancotis Eliiments. 

The nm-e fo r/jc 

in common with the 
intermediate cutaneous nerve 
of the thigh. 


/Ikmou 

^ ntfm 


/ Ulcmf Jia#e 


eufonrou, 


.ifnifnw AfVR^ 
^ lAiurxiiar 

^edwl 




^up^.rfic*a( ptfrcmal 




cuianeoua communicates with the femoral branch of the genitofemoral nerve, 
and frequently pierces the sartorius^ to which it ntay give a branch of supply. 

The medial tiiianr<nis nerve 

Ftc^ 9f77*-^Thc nen'cs of tkc rio^t lower limb. ^ first on the 

Anterior surface- lateral side of the femoral 
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The posterior division of the femoral nerve gives off the Mphenous nme, and 
supplies muscular branches to the quadHcejis femoris, and articular branches to the 

knee-joint. , # h 1 

The saphenous nerve (fig. 977) is the largest eutancous branch of the femora] 
nerv c. It descends on the lateral aide of the femoral artery and cntcre the adductor 
canal (p. 819) where it crosses the artery Dblitpiely from its lateral to its 
medial side. At the lower end of the canal it quits the artery, and emerges through 
the aponeurotic oov'ering of the canal, accompanied by the saphenous branch of the 
descending genicu lar artery. 11 descends vertically along the medial aide of the knee 
behind the sartorius, pierces the fascia lata between the tendons of the sartorius and 
gracilis, and becomes subcutaneous. It then passes down the tibid side of the leg 
accompanied by the long saphenous vein, descends along the medial border of the 
tibia, and. at the lower third of the I^, divides Into two branches : one continue 
its course along the margitt of the tibia, and ends at the ankle \ the other posses in 
front of the ankle, and is distributed to the skin on the medial side of the foot, often 
reaching as far as the b.iJl of the great toe and communicating with the medial branch 
of mUMulofinitimcous nen'e. — l 

About the middle of the thigh, the saphenous nerve gives a hmneh to join the 

Bubsartorial pjccus. .r i 

After leaving the adJuctor cacuil it gtves off an ift/fopalnlifir iffsncfi (ftB- 9 / 5 )t 
which picjxcs the sartorius and fascia lata, and b distributed to the iddu iti front of 
the piitelb. Above the knee thb ncn'c ujuics with the medial and tntermeiJiate 
cutaneous nerves of the thigh; below the knee, with other branches of the saphenous 
nerve ; and. on the lateral side of the joint, with branches of the lateral cutaneous 
nerve of the thigh, forming a plexiform network, termed the pauUar ptesui. Tlw 
infrapatellar branch is rjccasionally small. 

The wi/jrw/ttf ArflUf/jfJ of lh<? posterior divbion of the icmoirBl nend stipplv the 
quadriceps fcniorb. The branch to tiie rectus femoris enters the upper part of the 
deep surface of the muscle, and supplies a hiaiiient to the hip-jnjnt- I he branch 
to the va&tus lateralisi of large size, accompa.niic& the descending branch of the latetaj 
circumflex femoral artery to the lower part of the muscle^ and sends an articul^ 
filameiit to die knee-joint. The branch to the vafitns medialia descends through the 
upper part of the adductor canal, on the lateral side of the saphenous nem and 
the feniDrat vessels. It enters the niusele about its middlep and gives off a filament 
w'hich can usually I'^e traced downwards on, the surface of the muscle, to the knee- 
joint. The branches to Uie vastus intermediuSp two or three in number, enter the 
anterior surface of the muscle about the middle of the diigh i a filament from one 
of these descends through the muscle to the articularis geiru and the knee-joint. ^ 

■A scpairtie articttlar brottfh to tl)c knee-joint liaa been described,* ami is said 
to cinnmunieatc with the articular branch of the obturator netTi’c (p. ii"!*) ™ 
adductor canal, thereafter descending to supply the medial part of the capsular 
ligament of the knee-joint. 


THE VENTRAT. RAMI (IF THE SAtR.AL .AXL» 
COCCYGE.\L N'ERVES 

Tile ventral rami of the sacral and coccygeal nerves form the sacral and 
cocevgeal plexuses. *rhusc of the upper four sacral nerves enter the pelvis through 
the pelvic sacral foramina, that of the fifth lietween die sacrum and coccyx, while 
that of the coccygeal nerve cunes fonvards behtw the rudimentary transverse 
process of the first piece of the coccyx. The first and ssecond sacral nerves are I 
the third, fourth and fifth diminish progressively ; the coccygeal nerve istliesmallrtt. 
Each of these nerves receives a gwy ramui eomrnumeans from the corrapondmg 
ganglion of the sympathetic trunk. Viseerat effneni fibres ansc from the second, 
third and fourth sacral ncrt'ta: they are named the p^vVrp/tfnr/wiCirrttw (fig. 1000). 
and consist of parasympntb-^tic fibres which pass directly to minute ganglia on the 
wallfi of the pelvic viscera (p> 1200), 

■ CiBTdritff, Kmcstt AitsL Hrc., idi, 111465. 
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The Sacral Plexus 

The sacrat plems (fig* 978^ is formed by the lunibf^crAl trunks the veiiiral 
rami of ihc firi&t, second, and third sjjcral ner^'cs^ and part of the ventral ramus of 
the fourth aacraJ nerte. 

llie lumliosacral trunk comprises a part of the ventral ramus of the fourth 
lumbar nervCi and the whole of the ventral mimis of the fifth lumbar nerve; it 
appears at the medial margin of the p^ioa^ major and descends over the pelvic brim 
and m front of the sucro-ihae Joint to join the firai sacrat nerve. 

The ventral of the bwrth *acrBl ncm' divides into an upper and a lower 

branch; ihe upper branch enlcra the sacral plexus ; the lower descends to assist 
in forminii the com^gcal plexus* 

Relations.—The sacral plexus lies on the posterior wall of the pelvic cavity iti 
front of the piriformis (fig. 979 }k ^d behind the internal iliac the ureter and 

the sigmoid colon, on the leftside^ and the tcrmiita] coils of the tfcucu, on the right aidCi 
Tile superior gluteal vessels run between the lumbosacral trunk and the first sacral 
nerve^ or between the first and second sacral nen^es, and the inferior gluteal vesseb 
between the ventral rami of the first and second, or secund and third, sacral nerves. 

The nerves forming the sacral plexus converge towards the louver part of the 
greater sciatic fommenp and unite to form a flattened band, from the anterior and 
posterior surfaces of which several branches arise; the band itself is continued us 
the sciatic nervtL 

As shown in the following tablci the fibres of the nerv'ea which form the plexus 
can be traced into branches which may be morphologScaJly ventral, or dorsalp or 
mixed* 


Ventral divUlotis. 
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'Fhe werve to the qtiadratuB femoris and gemellus inferior arises from the 
vcfitml branches of the ventral ramj of the fourth and fifth lumbar and fim sacral 
ncrv« (fig. 978) ; it leivcs the pelvis through the gnraicr sckfic foramen lielow the 
piriformis, and, running down on the ischium deep to the sciatic nerve, the gtmclli 
and the tendon of the obturator intemusp supplies a twig 10 the gemellus inferior, 
and enters the mterior surface of ibr quadratus femuri«; it giv^ an articular 
branch to the hip-joint. 

The nerve to tbe obturator intemus and gemellus superior arises from the 
ventral branches of the ventral rami of the fifth lumhiiir and firgii und second sacral 
nerves {fij*. 978). Il leaves the pelvis thnaugh the greater sektk foramen below the 
piriformis, and gives a branch which cruets the upper part of the posterior surface 
of the gemellus superior. It then crcksses the ischial apirtc on the lateral side of ihe 
rntcmal pudendal vesi^U, re-entem the pelvb through the lesser sciatic foramen, 
and picrcca ihc pelvic surface «f the obturator internus, 

llic nerve to the piriformis arises usually from the doml branches of the 
ventral rami of the fim and second sacral nerves j it enters the anterior surface of the 
muscle^ 



the sacral plexus mSi 

The superior gluteal nerve aiiaea fium the dorsal branchea ‘•f ventral 
rami of the fourth and fifth lumbar and fiiat aacral jicrv«« (fig. 978): it leaves 
the pdvis through the greater sciatic foramen above the pirtformu, at^rnpanicd 
by the superior giutcaJ vessels, ind divides intf} b superior attd an iitrert^r brane « 

FiC. V7li.—A plim of the «cnil #nd coccjKcd pleKuaa. 
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The lupenor branch accompantca the upper branch of the deep 
superioV gluteal artery and supplies branches to the gluteus i^iua and 
ZTto the gluteus minimus. The frt/m«r branch runs rnth the bxvcr b^ch of 
the deep division of the superior gluteal artery aic^ the gluteus trummtw, it 

Ifivcs tvvigs to ibc glutens mcdiua and glutoufi minjmu&i and ends m tne tensor 

The inferior gluteal nerve aris'is from the dorsal branches of the yente^ rami 
of the fifth lumbar and first and second sacral nerves: tl leaves the pelvw through 
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the greater sciatic fonuticn, bcUAV the pidformiSp niid divides into branches which 
enter the deep surfuce of the gluteus inaximus. 

The posterior cutaneous nerve of the ihigh arises from the dorsal branch^ 
of the vcntiul raitu of the first and second, and from the ventral branches of the 
vctural rami of the second and thirds sacral nerves (fig. 978)* and issues from the 
pelvis through the greater sciatic foramen below the plriformisH It then descends 
undercover of the gluteus maximus with the inferior gluteal artery^ lying posterior 
or medial to the sciadc ncr\'e. k runs down the back of the thigh superhda] to the 
long head of the biceps fetnorisp and deep to the fascia lata t at the back of the knee 
it pierces the deep fascia and accompanies the short saphenous vein as far os the 
middle of the catf of the leg. its terminal twigs comnnunicating with the sural 
nen-e. 


Fis. 97q,-^A duKctiQn of th« 5ld(? wall of the p«lviip showing ihc adcial and 
coc4:>'geal plexuica. 



/a/qnW ^titeal a. 
Urtier 

/>tu'/ III 4f 


r.—-j 


tninib 


mil. 


Pubocony^tu) 


Its branches are all cutaneousp and are distrihuted to the gluteal regionp the 
perineum p and the back of the thigh and leg. 

The gitiital branches, three or four in number, turn upwards round the lower 
border of the gluteus maxim us, and supply the skin covering t he lower and bteial 
part of tliat muscle. 

The persnfii! hrnnch dtstrihmca twigs to the skin at the upper and medial side of 
the thigh* and then curves forwards across the odgiti of the hamsiringSp below the 
ischial tuberosity ^ it pierces tlie fascia lata^ and runs beneath the superficial fasda 
of the perineum to the skin of the scrotum in the male* and of the kbium majus 
in the femakp joining with the inferior rectal and the scrotal branches of the 
perineal nerve. 

The branches io ike back 0/ ihe ihsgb mtd leg consist of numerous filaments 
derived from both sidea of the nervep and distributed to the skin covering the 
back and medial side of the thigh, the popliteal fossa and the upper part of 
the back of the leg (fig, 9S0), 

The sciatic nerve (figs. 978, 98a) is the largest nerve in the body and at 
its commencement it measures 2 cm. in breadth. It Is the continuation of 
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the flatttJied bejad of the sacral plexus. It passes out of the pelvis through th< 
greater sciatic fonunen, below the ptriformts enusde, descends bct\\wn the 



Fic. TIjc cumneotu neivci of 

the righi lower limb. Po^erior mur^ 
face. 


FiOr 981. —diagnin ihowtng the «g- 
mentai distributian of th« cutaoeoiu 
nervA of the riRht lower limb. Poit- 



greatef trochanter of the femur and the tuberosity of the ischium, and along 
the back of the thigh to about its lower ODe-chird« where it divides into 
two large bmnehtHt named the tibia! (mcdkl popliteal) and common peroneal 
(lateral popliteal) nerves, TJiis division may lake place at any point between the 
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sacml p1cxu$ md iht lower onc-lhird of the thigh "and iti''all cssca the independence 

of the tw^o nerve* can be shown by 
dissection. When the division occurs 
at the plexus^ the comition peroneal 
nerve usually pierces the pinformifin 
The nerve ako gives ofi" articular and 
muscular branches. 

In the upper part of its course 
the nerve is pket^ under cover of 
the gluteus maximtis, and rests first 
upon the posterior surface of the 
ischium, the nerv^e to the quidratus 
feinorisintervening * iitliencrosses the 
obturator intemus and gemelii, and 
posses on to rhe quadratus femoris, 
hy which it is separated from the 
obturator extemus and the hip-jOint; 
It is accompanied on its medial side 


FlO^ gfli-—The nerves of the rujht [ower 
linrik* Poiterior Hf peel. 


TOnal 


iif 

A". If pifplilmir 


Mfdial H. 







THE SACEIAL PLEXUS 1185 

hack of the thigh ond thmiigh the middle of the poplitKi! foasa, to the louver Jxirdcr 
of the popHtcu^ miisdc, where it pa&scA with the popliteal arter>^ deep to the such 
of 3 oleu&. Thereafter it h continued into the !eg. In the thigh k is overlap^'^rd by 
the hai^tring muscles abo^ ^i but it bteosnes more supcrfiebl in the p>|iliteal fossa, 
where it Isea lateral to, and some distajiocr from, the popliteal ^'esseJs ; k h supcrhcial 
to ilicsc vessels npp)silc tlic knce-joini and then emeses to the medial side of the 
popliteal artery (iig, 9S3). In the lower pun of the popliteal fossa, die nerve is 
Covered by the contiguous margins of the two heads of the gasTrocneinius. It can 
he represented by a line druwTi downwards in the middle line of the limh from the 
apex of the piplitcal fos^a to tlic level of the neck of the Hhula^ Continued down¬ 
wards lo a point midway between the medial malleolus and the tendo calcancofl, 
the line maps out the whtde course of the ttbiul nervx. 

In the leg it descends in company with the posterior tibia! vesseEs to the interval 
bciwveen the flee! and the medial malleolus^ wiiere ii ends under cover of the flesor 
retinaculum by dividing into the medial and lateral plantar nerves. In the upper 
part of its course it jh covered posteriorly hy the i^cus and gastrooiemius muscles, 
but in the lower third of the leg it is covered only by the skin and fi^ci^e, aJthc^ugh it 
is Overlapped sometimes by the mediaJ edge of the htxor hallucis Inngus mu^le. 
Above, it lies on the medial side of the posterior tibial vessels, but it soon crosses 
behind them and descends to its ptaint of bifurcation along their lateral side^ In 
most of its coursi? it lies on the tibialis posleridr muscle, but in the lower pan of the 
leg it comes into relation with the posterior surface of the tihiUr 

Hie branches of this nerv-c an? ankular, muscular, sural, medial calcanean and 
medial and lateraL plantar. 

Arikiiiar braaehfs, usually three in numlier. supply the knce-joini; one branch 
acrampantes the superior, and another the inferior medial genicular artery ; the 
third branch mns with the middle genicular artciy'. In the foetus these bmnchcs 
may all ^ise by a commoji tmtik • which usually leaves the tihial nerve high up in 
the popliteal fossa but is variable in its point of origin. D4:seending on the pjpliieal 
^^t"ry it forms a plexus with (he articular brands of the obturator neo'e and is 
distrihuEedH for the most pan., to the oblique posterior ligament of the knee-joint* 
Small bronchos leave the plextis to accompany the suj^verior and inferior mediiil 
geniciilaj arteries and supply the medial parts of the capsular ligainent^ x4nothcr 
articular branch arises from the nerve just abovu its terminal bifurcation, and sup¬ 
plies the ankle-joint. 

The muioiliir hmntfifs arise from the nene as it between the two heads of the 
gastrocnemius muscle ; they supply tim as well as the plantaris, soleus and 

popliteus. The nerve to the solcus enters the superficial surface of the muscle, 

[ he branch for the ptiplitcLis descends, crossing the popliteal vessels rdiliquclyp and 
toms round the lower border of the muscle to \yc distribuEcd to its deep surface ; 
it Supplies small branches to the tibialis posterior, on articular twig to the upper 
tibiohbular Joint, a mcdullanF' branch to the tibia, and an interosseous branch, w hich 
descends close to the fibula, and can be tiraced to the inferior tibiohhular joint. 

In the Icgj the muscsilar branches arise either indcpcrndenLly or hy a commiin 
ti^nk. They supply ilie soleEts, on Its deep surface, the tibialis poatcrior* the flexor 
digitomm lonppjs and the flexor hallucis Eongus; the bninch to ihe last muade 
accompanies the peroneal vessels, 

^n^e mrai fitrvF descends beiw’Cen the two heads of the gostrocncmiuii, and, 
piercing the deep fascia about the middle of ihc hack of the leg, is joined by the 
sural communicating t^mneh of the common peroneal nene (ng. q8o)- It then 
passes downwards near the latenl margin of the temlo culcaneus, and close to the 
small saphenous vciiir to the imer\'al between the laic ml malleolus and the cab 
L'aneum ; it supplies the skin of the lateral and piateriur part of the lower cm e-third 
of the 1^. fi runs fon\ards hdow the lateral malleohis, and is continued along the 
lateral side uf the foot and lit lie loc, communicating on the dorsum of the font with 
the Superficial peroneal om^e. In the leg, its branches communicate with those of 
Else posterior cutaneous nerv^e of the thigh. 

llic mfdiiii braTichef perforate the flesor rcrinaculump and supply the 

skin of the heel and medial side of the sole of the fooL 

1 he medial plantar nerve ffig, 9^4 )p larger of the two terminal divisions 
of the libiid nen e, accompanies the medial plantar arterv' and lies on the lateral side 

• Gardner, Etne&i, roi^ 
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of the vessel, i^rofw Iv^ origm under cover of the flexof rtfliciaculufii it passes d^p 
to the abductor halluds, and. appearing between this muscle and the flexor digi- 


Fjc. g#3 ,—a diwseciioo pf tbe riaht poptiteal fpw** The two hen^ of 

cttcmiui, and the Semiccndinosiw and Scmumembranoiyi have been retmeted 
in otder In cipoae the conientt of the fossa more fuHy. 
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torutni hfievis* off a digital nerve lo the medial side of the great toe and Anally 
divides opposite the hoses of the metatarsal bones into ihnnj plantar digital nervcti- 

Bp^tittchej.—Cufiineoiit brandits picTCe the plantar aponeurosis betw^ecn the 
abductor hallucis and the flexor digitonim brevis and arc distnbufed to the skin of 
the sole of the fociU 

Muicufor brandies supply the abductor hallucis^ the flexor digitorum brevis^ the 
flexor hallucis brevis and the first lumbrical muscle i those for the abductor hallucis 
anti flexor digitorum hnrvia arise from the trunk of the nerve near its origin and 
entec the deep surfaces of the muscles \ the branch for the flexor hallucis brcATs 
springs from the digital neni'c to the medial side of the great i*e, and that for the 
fim liunbrical muscle from the first plantar digital nerve. 

Articuiar hraftdies supply the articubtions of the tarsus and metatarsus. 
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The irjprVtf/ of the great foe siip|>]ic3 the flexor ImlluciU bn:via and the skin 
on the media] side of the great toe. 

The three plantar digitai nerves pass between the divtaions of the phntar fipo- 
ncumsJs, and cadi splits Lniu two branches. Those of the first phmtar digiioJ nen e 
supply liic adJaccDt sides of the great and second toes ; those of the second, the 
adjacent sides of the second and third tots; and those of the third, the adjactni 
sides of the third and fourth toes. The third plantar digital nerte receives a com- 
niunicatlng branch from the bteral plantar nerve ; the gives a twig to the first 


Fig, IJS4.—The pbntar nerve* at ihc 
right foot. 


Fic, gS5,^A diej^rarri showing the dis¬ 
tribution of the ixitHfieaut iren'u of 
iht lole of the rtnht footi 
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lumbrical muscle. Each digital branch 
gives off cutaneous and articular fdaiuents 
and opposite the distal phalanx sends up¬ 
wards a dorsal branch# which supplies the 
structures around the nail, the continuation 
of the nerve being distributed to the ball 
of the toe. // he ohsmed (hat the digh 
tal branches af the foedM plantar nerve are 
tfmilar m their disiHbutiun to those of the 
medial] nerve in the hand. 7 he mnsrle^ 
supplied hy the ttoo nerves also eorrespond etosety. In the hand^ the rnfrdion nerve 
supplies the abductor and the flexor pollicis brevis, the opponent polLicis and the 
first and second lumbricats. The opponens muscle is ab^nt m the ftwit, but the 
abductor and short ficxuf of the great toe and the first Inmhrical are all supplied bv 
the medial plantar nerve. As the flexor digitorum brevns corresponds to the flexor 
digitorum superficialis (median nerve) of the upper limb# the only real difference 
consists in the innervation of the second lumbrii^ musde. 

'J^he lateral plantar nerve (fig. ^84) supplies the skin of the fifth toe and lateral 
half of the fourth, as H'ell as most of the deep muscles, its distnhution being stmifar to 
that of the ulttflf nrrve m the hamL It posses fomards obllc|ucly in company with the 
lateral p!anta.r artery, which lies on the lAtcral side of tbc nen-e, and reaches the 
lateral side of the foot near the tubercle of the fifth metatarsal bone. It passea Ik- 
tween the flexor digitorum brevi:^; and the flexor accessorius, and ends in the inter\‘al 
between the former muscle and the abductor digit! minimi by d mfn 

Superficial and a deep branch. Refore its division, it supplies the fic 
and abductor digiti miniini and gives off some small cutaneous hnmc 

pitTCc the plantar fascia and supply the flhin of the lateral part of the -_ 

foot (fig. t)Ss). 

The superficial branch splits into twp plonior digital nen'es ; of these the 
supplies the lateral side of the little toe, the flexor dtgiti minimi hrev' 
interosseous musdes of the fourth intermctatarsal space ; the medial communicates 
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with the third plantar digital branch of the medial plantar nerve and divides into 
two branches which supply the adjoining sides of the fourth and fifth 

iTie deef> brtmth accompanies the latersl plantar artciy on the deep surface ot the 
tendons nf the flenor muscits and tJie adductor hallucis, and supplies the second, 
third and fourth lumbricals, the adductor hallucis and all the interosseous muscles 
(except those of the fourth intcrmotatarsal space). The nerves to thesewnd and lliird 
lumbHcala pas* distally d eep to the tnifiavcnsc head of the addiictor hallu-ciSt 
psts^ ruund iis distal Irardcr to rvach the muaclt-s (fig. 986). 

The common p^rofieal (Lateral fyopliical) nerve (hg. i>B3)r about ojic-liair 
the shii of the tibia! num- is dcHvrd from the dofsal hranchc* of the venrial rami of 
the fourth and fifth lumbar and tl^c first and second aacral ricnes. It descends 
rjbliquciv along the late ml s.tdc of ihc popliteal fijt.'tsa to ihe head of the fibula, clo^ to 
ihc mcdkl margin of the hiteps femoris muscle. It lies but ween the tendon of the 
biceps femoris and the lateral head of the ^^trocncmius muscle, winds nrjund ihc 
latcnd surface of the fleck of the fibula deep to the peruncuft longus, and dividta into 
the muftculocLiianeous and anterior tiblal nen c®.. Its course can be indicated by a Imc 
draw n from the apex of the popliteal foss 3 downw ards and laterally, along the medial 
side of the biceps tendon, lo the b-ick of dio head of the fibula, ccW the nerve can be 
ToUtd agahat the hone. Previous 10 \U division it gives off articular and cutaneous 

branches. . , , t 

Tlie artiadar brcnicttet are three m number, of these one accompanies uie 
superior and another the Lnferior Isiteral genicular artery* Moth may arise by s com¬ 
mon trunk* The third, named the recutrent articular nerve, U given off at or near 
the point of div ision of the common perDfieal nert^e ; it ascends with the anterior re¬ 
current tibia! artery through the tibialis anterior to supply the antero-btcral part 
of the capsulnr ligament of the knee-joint and also supplies branches to the superior 
tibio-fihular joint.* 

'rhe euianeoui hranehes (fig. two m number, frequently spring from a 
common trunk i they are the lateral cutsneoos nen'C of the calf of the leg and the 
sural communicating branch. 

Tiic hi era! nitninema nerve tp/ the mlf of the ieg supjdiea the skin on the ooterior, 
posterior and lateral surfacria of the proximal part of the leg. The svral cainmunkalmg 
traneh ariBes near the head of iJie fibula, rung obliquely across the lateral head of 
the gastrocnemius to the middle of the leg» and joins w^ith the sural nerve [p. 1185)^ 
h may, however, descend as a separate branch as far as the iicel. 

TJie deep peroneal (anterior Libia!) nerve (fig^ 976) begins at the bifurcation 
of the common peronml nerve, bet weep the fibula and the proximal part of the 
pemneus tongus> passes obliqutly fonvards deep to the extea^r dtgitorum langus 
to the front of the inicfii^teous membTanCj where it com& into relation with the 
anterior tibia! artery in the upper one-third of the leg ; it then dtsoends with the 
artery to the front of the anklc-jointp w here it divides into lateral and medial terminal 
branches. It lies at first on the laTcnsl side of the anterior tibiul artery, then in front 
of It, and again on its Lateral side at the ankle-joint. 

in the leg, the deep peroneal nerve supplies muscular hranchet to tire lihkils 
anterior, extensor hallucis longus, extensor digitorum longus and peroneus tertius^ 
and an articular hranch lo the ankle-joint* 

The lateral Urmmal branch of the deep peroneal nerve passes across the tarsusp 
deep to the extensor digitomm brevis, and liaving become colarged, like the posterior 
mtcrosscous nen'e at the w'rigt, supplies the extensar digitorum brevis. From the 
ciilaigcment three minute iatermreaui hranches are given off which supply the tarsal 
joints, and the metatarsophalangeal joints of the second, third p and fourth toes. The 
first of these sends a filament to the second dorsal interosscoug muBcle. 

meJial terminal hranch of ilic deep pcroncat nerve run* fons'ards on the 
dorsum of the ft»ot, smd lies on the lateral side of the dorsalis pedb artery* *^i the 
first Inicrosscous space it cotnmunicates with the medial hranch of the superficial 
peroneal nerve, and divides into Iw'o dorsal di^'tai nerv^es, w hich supply the adjacent 
aides of the groat and second lues. Before it divides it gives off an inierosreaur hranch 
which supplies the mcsatarsophaJcingcal joint of the groat toe and sends a filament to 
the first dorsal initrosscDUS nauscle. 

I'lic superficial peroneal (musculocutaneous) nerve (fig. 976) begins at the 
bifurcation of the common peroneal nerve and lies at first between the pcioticii& 
* Girdr^r, Rk., ten, 
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longtis and the peroncus bucvif. It then parses fomitrds and doivnu'arda between 
the pcrofici and the eittensor dfgitorunt Jonguai piefoes the deep fascia at the lower 
one-lfaird of the Icg^ and dh'idcs into a medial and 11 lateral bmxich. In its course 

Fio. —A dJKfKiion of the lALeral and mediMl plantir nerves of the pght fool. 
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between die muscles, it givta off mnscutor branches to the pemneuj Longus and 
peroneua biei’ia, and Rlzments to the skin of the lo^'cr part of the Jeg^ 

I'iic mediatbrninJi paaaes in front of the ankle-joint, and divides into two dot^^l 
digital nervei, one of ivluch supplies the medial side of the great toe^ the other, the 
adjacent aides of the second and third toes. It communioitea with the ssphenoui 
nerve and with the deep pemneaL nen^e (hg. 975)^ 

The intiraf branch, the smaller, passes along the lateral part of the dorsum of the 
fool, and divides into dorsal digital branches, whkh supply the contiguous sides of 
Uic third and fourth, and of the fourtli and fifth toes. It alio supplies the skin of the 
lateral aide of the ankle, and communicates with the aural nerve (fig, 975)* 
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*rhc bmntrhLs tif ibe superficial peroneal iicr\c supply the skin of the dorsal sur¬ 
faces of all the IOCS eJtcepiing the latcrail side of the little toe and the adjoining si ra 
of the great and second toeSp the former being supplied by the sural nen c, uie 
latter by the medial terminui braneh of the deep pcnttical nerve. Frequent y some 
of the lateral hranchtfl of the aupcrfidal peruneal arc absent, and their places are 

then taken bv branches of the suraJ nerve. . > h . ’ . 

The perforating cutaneous nerve usually anscs from the postenor aspects oi 
the second and third sacral nerves. It pierces the low er pan of the sacrotuberous 
ligament, and, winding round the inferior border of the gluteua maximus, supphts 
the skin covering the medial and lower parts of that muscle. 


The perforating cutaneous nerve may arise from the pudcncbl^rve or tl may be 
absent: in the Utter case its place rosy be takcTi by ■ branch from the P^^<^rior 
culsricous nerve of the ihtfih or by s branch from the third and fourth, or fourth and 
fifths sacral nerves. 


The pudendal nerve fhg. 731) derives its fibres from the second, third and 
fourth sacral nervea {fig. gyS)- Passing between the piriformU and the c^ecus U 
IcAves the pelvis through the lower part of the greater sdalk foramen enters the 
buttock, where it crosses the spine of the ischtum on the medial side of the pudendal 
anerv. It aEcompania thia artery through the lesser sciatic foraincii into the puden* 
dal canal fp- 603) on ihc Istcra! wall of the ischiorectal fossa ; In the postenor part 
of this canal it gives od ihe inferior rectal, and then divides into the pcrintid ntrvt 
and the dorsal nerve of the penis or clitoris. 

The hr/rriar rtf lid nccaaionally arises dirvcily from the sacral plexus ; it 
piert^ the media] wall of the pudondal canal crosses the ischiorectal fossa with the 
inferior rectal vessels, and is disiributed to the sphincter ani cxiermis, to the lining 
of the lower pan of the anal canal and 10 the skin round tl^ arms. Branches of this 
nerve cnmitiu/iicatc with ihc perineal branch of the poaierior cutaneous nerve of the 
thigh and vviih the scrotal nerves. , j 1 

The pmntat tserre^ the Inferior and krger terminal branch of the pudendal 
nerve, runs forwards below the internal pudendal artery^ It accompanies the 
perineal artety and divides Into scrotal {or labial} and muscular branches. 

I’hc scrotal branches arc two, a medial and a lateral. 7 ^iiey pierce^ or pass super¬ 
ficial to, the perineal membrane, and run forwards along the lateral partof the ureth ral 
triangle in compariy with the scrotal branches of the perineal artery ; they are 
distributed to the akin of tlie scrotum, and communicate with the perineal branch of 
the pujsicrtor cutaneous nerve of ihe thigh and with the inferior rectal nen’c. In Tbt^ 
female the corresponding nen^es (hibia! brartrhn) supply the labium majus. 

The muscular branches arc discribuicd to the tranavcraiis perinei supcrfieSalia, 
bulbospongioaufl, ischiocivcmosus, tra ns versus perinei profundus, sphincter 
urcthnie and the ajiterior parts of the external sphincter and levator ani muscles. 
A branch, termed the nerve to ihe urrihral bulb, is given off from the nervo 10 the 
btilbocavcrnoaus; tt plercea this musde, and supplies the corpus spongiosum penis^ 
Ita terminal fibres ending in the mucous membnuie of the urethra. 

The dorsal nerve of the perns runs forwards above the internal pudendal artery 
along the ramus of the ischium, and accompanies the artery^ along the margin of the 
inkriof ramus of the pubis^ on the deep surface of the perineal membrane. It gives 
a branch to the corpus cavernoaum penis and, at the apex of the membranCi passes 
through the lateral part of the gap between that stmeture and the inferior pubic 
ligament. It then runs forw'ard-% in company with the dorsal artery of the pcnis^ 
between the layers of the auspensory ligament, to the dorsum of the penis,, and ends 
in ihe glans penis. T n the female the cqirespondtng nerve (dorsal nerve of the ctilorb) 
is very smaU, and supplies the clitoris. 

*rhe visceral branches arise from the second, third and fourth sacral nerveST 
and are dietributed to the pelvic viscera, ITicy arc teamed the pelvic sphncftmc 
aervei and are described on p. 1200. 

The muscular branches arc derived from the fourth sacraL and supply the 
levator ani, and sphincter ani extemus. The branches to the levator ani 

anti coecygeuft enter their pelvic eurfaccs j that to the Ephincter ani esternus 
(perineal "branch of fourth Sdcral nerve) reaches the ischiorectal fossa by piercing the 
coccygcus or by passing between it and the leraior ani. Cutaneous filament from 
this branch supply the akin between the anus and the cocryx- 
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The coccygeal plexus.—Tlit ccKxygtaJ plexus ia formed by a amall descending 
braiii:li from the ^Tntral rdmus of tht fourth sacral nerve, and the ventral rami of 
the fifth sacral and coccygtal nenxs. The ventral ramus of the fifth sacral nerve 
emerges from the sacral hiatus and turns fon^-ards round the btcnl margin of the 
sacrum htloiv the oorrm. It pierces the coccygeus muscle !t> gain its pelvic surface 
and Is then joined by a descending filament from the fourtli sacral ncn c. The small 
trunk so formed descends on the pelvic surface of the coccygcus and uTiitos witli the 
minute vcnind riimus of the coccygeal nerve, which descends from the sacral hi^itua, 
turafl round the lateral margin of the ccHieyx and pierces the coccygcus to gain the 
pelvis. This small trunk constituted the f Uxas. The anoo>ecys^u] nerves 

arise from this plexus^ and consist of a few fine filaments ^vhich pierce thesacro- 
tiibemiis ligament and supply the skin m the region of the coccys. 


The MoftpHoLoev OF thr Neevts anp tiih LtMn 

The spinal nerv^es which conform to the priioifivc arnnageitient in their behi;ivic»ur 
are the ncri'cs of those ugmeots which have remined to a large extent their mclameric 
chajwnters, viz. T. 2—L. i. These typical spinal nerves are diumbutcd nccording 
to a very definite plan. *l"he dona-l r^imus parsed backward.^ ttnd dtiwnwardn lateral 
to the articulEir pi^jLX'flses and divides into a medial and a lateral branch w'hieh pt^ne- 
tnitc the deep muscles of the bock. Both bnincb« innen ate the mUBOles onintigBt 
which they lie, and eidter the Line or the Ollier becomes superficial and supplies a band 
of skin extending from the FKMtcrior mediau line to the scapular line. 

The ventral ramus ih crnnvccfqd tii ihc corresponding gani;lion on thv syn^pathetic 
trunk by both a white and a grey ramus communicana. After innervating the sub- 
v-ertebml nnmek's* it passes mund the bchdy waU Hupplyin^ btsmclieft lo rhi- lateful 
muscles of the trunk, and in the noighbuurhood of the miilaxillary line gives off a 
lateral branch which pierces the overlying muscles and divides into an anterior and a 
posierior division for the supply of the skin. The main trunk is continued forwards 
in the body w^al] and, after supplying the ventral muscles, disiributeii its tcrminsl 
branches m ibe skin. 

The behaviour of the ventral rami of the jpinnl netv'iiSiif ihe segments tvhicb have 
\o^X their t^bvious metsmeriain is gteaily modified, end the initial modification is seen 
in the manner in which adjoining nerv-es unilc to form the cci^^ical, brachial, lumbr^- 
SAcm! and coceyKeal pkxusjis. 

'Ilie p^fxui. —''I'he cutaneous brenchcis of thift pk^us are h^imolojious with 

the nnirrior terminal and the taiend bnuiches of the typical spinal nerves. 'Jlie 
imOs Verse entaneous ncrvti of the neck anti thr anterior supmcJavicular nerves repre¬ 
sent thr anterior terminal branches ; ihc lesser occipital and ihe posterior Aupm- 
clavTcvlIsr npr<.'scnt the bteml hmnehea, while the great auricular and the middle 
supraclavicular prtjbabJy represent elements of Uub bniiiehets. 

The hriirhi^i phxm ,—In the formation of the hntchial and lumbosacml plexuses 
the division of the corratituent nerves of the plexus into anterior or ventral and 
posterior or dorsal branches hi iJiaraciemiic. In the brachial plexus I he division 
affects the three trunks of the plexus (ji. 1156) and, to a remaikablr extent, it confoims 
to the diffcren[iDtiDn cf the primitive musculature of the limb into a ventral or fieKE>r 
and a dorsal or extensor group. So far as tJie cutaneous inm^rv^ation is enneemed^ 
branches of the ventral divisinna of the trynks take a large port in the supply of the 
skin of the dorxal surface of the limb. Tils prnhlmi has been fully discussed by 
Wilfred Harris,* who belid'e^ that each constituent root of tlie plexus orifrinally 
divided into ventml and dorsal bronches and that, on the e^'olutinn of the human type 
of plexua, inherMilJy domal fibres enter the venttaJ branches of the trunks. As q 
result of thif! rearrannement fibres of the median and ulnar neri'cs have a whie area of 
supply on the dorsal surface of the hiind+ 

The position of the developing Limb-bud on the vcncrilatcrai aspect of the trunk and 
the behaviour of the first and second thriracic nerves provide txinsldctable support for 
the vkw that the conistituent nervcfl of die great limb-plexus^ represent only the Isicrol 
branches of the typical spinal nen^s. The secand tbutadc rxrvc sciick j tg. lateral cu tan- 
eouH branch into the Upper limb os the intcrcostobrachiBi nen'e, und the size of this 
nen'c vnrics inversely with the size of the direct contribution which the second thoracic 
nerve makes Eo the brachial ptexua* Otherwise the second thoracic behavi:^ like a 
typical Spinal nervt- 'Fhe first thoracic nen'c sends a large eontribution to the brachial 
plexus, and this is clearly homplogfnji with the La i era t branch. The remainder of the 
ncri'e, despite its small tize, behaves In a typical manner, altbough its fine anterior 

• WdfmJ llurii, The Ati^fphttfogy y/ iAj? Bnuhial Oxford Uniwrrily Prirts. 
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cutan^u^ branch is often Rwantlnn^ and, when present, only supplies a limirrd ares of 
skin. 

llie iurT}bQ$£ifTat plexiu .—The division of the constituent nerves oFthc lumbar and 
sacral plexuses imo anterior or ventral ond ixsaietior or dorsal diviaions is not bo 
obvioiLR m the conesponding division in the brachial plexus^ but it can ht demon^ 
3 trated anatoniieulty that the obturaior and the tlhial nerves ari?c hom v'cntrel 
and the femoral and pcroncel ncr^'cs from dorsal divisions. The lareral brandi^es 
of tile twelfth thoracic and first lumbar nerves are diawn down over the iliac errat 
to assist in the innervation of the skin of the buttock, hut otherwise these nerves 
behave as ^ical spinal nerv^es, The second lumbar nen^c behaves m a manner which 
rcndci? its interpretation difficult, since it not only gives a substandal contribution 
to the lumbar plexus hut also possesses both an anterior terminal branch, the genital 
branch uf the genitofemoral nerve» and a lateral cutaneous of^r, represented by the 
latcml cutaneous nervy; of the ihJgh and the femoml bmnch of rise genltufemoral ntn.c. 
The anterior terminal portions of the third, fourth and Efth lumbar and the first sacral 
nerves are suppressed^ hut the correapondmg portions of the second and third sacral 
nerves supply the skin, etc,, of the pefiiieum. 


TiIE DlSTHlBUTIO^f OF THE SpiNAl- NERVES TO T>CE l&KIN OF THE 

Thuisik and LiAtns 

Tlie area of akin supplied by any one spinal ntrvey through both of its primary^ 
rami, corLstitUtes a dermatome, nnd^ typically, the dermatomes extend round the body 
ftom the posterior to the anterior median line {figs. 971* The dermatomes of 

mnuffume hot^j overlap to a considerable extent and this is seen best in those 
segments of the body which have been kasi aEected by tJic development of the limbs, 
ix, 'I*. t (fig, 9B7). Further* in the same derniatomc the tactile elctuenla of 

sensibility cover a wider area than the UTher elements. 

In certain situations, e,g. the upper part of the anterior thoracic wadi, the cutoncoui 
nerv'es supplying two adjoining areas am not derived from consecutive spinal nerves 
and the otw£ct/> Acrtreeji C. 4, nboxv, and T. 2, rV minfnutL When T. s ia de¬ 

stroyed, the Line of anaesthesia is sharply demarcated ; although there may be some 
tivedap of the painful and thermal elemenlB. On the other hand the results found 
a/ttt tfriion of n tjen-f (e.g. the uJnar nerve at the wrist) show that the aw 

0/ mtifik ii aftmyi jerm/^r ikon tht area of lost of painful and thfwmai ifnsiintisiri, 
for the degree of overlap of fibres oanveying these ty^s of senaibiJity is alwgv's more 
externjvc than the overlap of Ebrcm conveying tactile ^nsibility. As a result the 
area of total snaealhesia and analgcsiti following section of a peripheral nerve is con¬ 
siderably less than might have been anticipated from, a knowledge of Its anarofnical 
distribution,* 

lire Erai cervical nerve gives off na cutaneous branches. The second cervical 
nerve usually distributes its cutaneous offseca to the akin of the head, from the vertex 
backwards to the neighbourhood of the superior nuchal line, the cranial surface and 
moat, if not the whole, of the lateral surface of ihc auricle, the skin over the angle of the 
mandible and below the eJiin (fig. 94^}, The third ccn.'ical nerve supplied a vcr>' 
oblique band of skin, commencing l^hind over the back of the scalp and the upper 
port of the hack of the neck and passing forwards and downwards across the aide of 
the neck. The nrea increases in extent es it is traced forwardsn and in the ventral 
nredian. line extends from the hyoid bone Uowti to the level of the first rib. The fourth 
cervical nepe supplies the upper hnlf or more of the back of the neck, and the area 
wudcfiB SA it js traced downwartls and forwards mtinJ the side of the neck to the 
BOtcrior aspect of the irunk. It supplies the skin over the clavicle imd first intercoatal 
apace, as w'elS as over the acromion and the upper part of the deltoid muscle. 

Each of these three areas is overlapped by the succeeding stea, but the amnunt of 
o%'crlBppiiig i* slight and is gfejticr for the dorsa! rami ilum for the ventral rtuni. 

The cutaneous diatribution of the nerves of the brachial plexus bccomea intelligible 
only when reference is made to an early stage in the development of the upper limb, 
[n a human embryo of the fou rth week the upper limb h represeintd by a smal], oome- 
wdiat ttattened elcvTirion on the ventriktenij BapI^ct of the trunk oppoiAitc to die lower 
Umr cervical and the first thoracic segments. The ectoderm cmering it is directly 
cuntinuoui with the ectoderm of the tnmk and draws its nerre-iupply from the nerves 
of the corresponding ^gmrnui, Similarly, its eontsined mesoderm is also continuous 
with die mcaodenn of the some iegmenis, I'he lower limb bud appears at ■ slightly 
liter stage and always lag? behind the upper limb bud in its developmeiiL 

•O. l-ofifTler, Bfnirt, I0J3 : 11- B. WooHurd,^ G. Weddell and J; A- HsrpmBii, 
J. Anat-, 74+ *y40- 
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Xhc lilnb budttp which project from the trunk in a Tcntri^lntcral diicctioiL„ possess 
ventral and dorsal siiHacc$ and cephalic or aii4 caudal or postaxiai boidemi. 

in the upper limb the supplies a atrip of skin on both ventral and 

dpra^ si^aces alona the pivaxial border, and the first therack Heme has m pimilar 
diatribudon idon^ the poatnxial border. The intervening nerves supply parallel 
stri pa of akin on both the ventral and doraal aurikees. .41 the lifub elongated the central 
nerves of the plexus {C. 6^ 7 ^i| 8) become buried proximidly and reach the skin only 

FiO. Tliecuiancoaa mmn aupplied by the ventral tim-i of the thoiade 
and upper four lumbar nerveg. {After Foerttcr.) 



in tta more distal part, while the nerves of the s 4 ioinjng segmenls (C. 4 and X 2 and 
3) became drawn in to supply the skin he the root of the limb. In the process of 
growth the len^henlng upper limb bccgmes rotated literally through an angle of 90“ 
and adducted to the trunk (p. tith fn the later siiigeSp therefore, the prA^xroi bsrdrr 
runa drably along the ktera! aapeet of the limb to the thumb, whidi is the prm^al 
digit, tvhile the ptirta^l fwdrr runs distally along the medial ispcct to the little finget^ 
which is the porlaxiat digits Accordingly^ the cutaneous nerve supply of the lateral 
aspect of the adult limb ia derived from C+ 4, W'hJch haa been drawn in at the mot of 
the limb, C. 5 and b, and its medial aspect ftorn T. z, T. 1 and C. S (fig. ^8 h 
the/rofrl 0/ ihr timh the areas supplied by C. 5 md C. 6 adjoin the areas supplied by 
5 1^1 CA. 
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T- T. I wid C. 8 but «i the dividing line between iHetn* which i* termed the^h^ 
axiai line, the overlap i* miniiiuili for C. 7 b buried proxlRielly md only rcewet iIm 
• kin e little proximal to the tvfist (fig. 988). On die 4 «(A e/ t^hnA the ccmdition a 
verv fionibr. hut C. 7 (in the poatetior cutuieoue ne«e of the foreaim) teache* the 
•kin flt. or a little proraniB] to the elbow SO that the dwit*/ axial hue ends at e more 

proximal level (fig, 989). „ ^ - 1 v 

The tftin 0/ the trunk i* supplied by the tpual ncrt'cs T.»to L. 1, incluwve* ^ by 
the SBcral tierves, with the exception of the fint, end the coccyges! oeiw. 
nerves supply cemsecutive curved hands of sldnj of which the u^er are alinost bort* 
xotital while the lower im? disposed obliquely. The upper half of each band tecewea 



Fig. 9H3.—^Tbe amnecoient of 
the dcmuitamn on the RziCedor 
M^ptet of the KEppa limh. 
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AdtlitiojiiiJ supply from the nerve above and the lower hilf fitan the nerve below^ so 
that DO apprecubk lo^ of sensibility fotlowi the ^don of any typleaL apjnal nerve. 
It tM convenient to remmibeT that tlic band which included the aiibci»ml anf^le Ji 
auppUed by the seventh thoracic nerve and that the umbilicus lica in the upper part of 
the band supplied by the tenth thoracie i^rve. 

The •«« supplied by the dorsal rami of th«e nen'cs are limited Utemlly by the 
dorsilaiomi line, which oammenccs above on back qf the head and runa downwards 
Mxid lAtcralJy to the medial end of the airntminn. It is then continued downwarda to 
the pDsterfor aspect of the greater trochanter of the femur where hr curves medially to 
the coccyx. The cuunemw strips supplied by the dorsal rami do not correspond 
exactly to the strips supphed by the ventral raml^ for they differ both in their breadth 
in their pneiticiti. 

Op the upper part of the anterior aspect of the thomx the third and fourth ccrvicil 
areas adjoin the {firet and) second iboracic ireaa (%, pwtng to the fact that the 







THE DISTRIBUTION OF THE SPINAL NERVES 1195 

mtervening nerves have been drawn off to supply the upperr limbn ind ■ similar but less 
extensive g^p is Found on the posterior aspect oF tiic trunk. 

A cormponding mrangcmmi U found in the lower part of the trunk, but it is not 
so obvious owing to the approxiniation of the low'er limbs to one another^ llie first 
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Fig. 991^— The sementsl distribution 
qF the neri'eo qf &c lumbiir and sacra] 
plexuses to the skin of the posteHor 
aspect of the lower limb. 
tStt q/fo p. 1196. 



lumbar area adjoins die second sacral area at the root of the pcnii said scrotuni:, for the 
intervening nervei have been drawn off to supply the lower limb^ 

The rAut 0 / (Ar iatptr iimb is innervated by die nerves of the segments from which it 
i* derived, viz. T. iz-5. j. The atraiigieTiiGm odginaUy is precisely similar to the 
arrangement in the upper limb, hut ita idendfiization in the adult has been rendered 
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dii!icuU on account of th^ rorvinn of the lower limb in the cnrlj^ of xt» develop- 

men( (p. lu). Originally die prAixiai kard^ foliowa the cephalic border of the limb 
bud to the tifidluK, which is the preoj^i&t digit, whiie postaxi^i bordtr follow-a its 
caudal miixgiri to the lirtle which is the po^Kixiai digits Aa development proceeda, 
the Limb ujidcnjoca torsion, in a mediat dincction so that the hallux comes to lie on the 
medial side of die adult foot and the little lew nn its latenil side. The tibia^ although 
hotnolo^DUS with the radius^ Lies on the medial side of the leff. 

The pTeaxkl border cornmcnccs above on the middle of the frant of the thigh and 
nms down to the knee- h then curves medially ^ ii descends to the medial malkolL^s 
to gain the medial side of the fool and the balltut. llie postaxinl border nommencea 
above in the gluteal nrjsion and descends^ m the popliteal fossa. It then inclines 
laicmlly as it descends to the lateral malleolus to gain the lateral side of the foot. The 
iTMiral and dortaJ miat frwrj necessarily exhibit a eorrespnnding obliquity^ The 
ventral axial line commences above at the nii^dial end of the inguinal ligament and nm$ 
down the posteromedial aide of the thigh and leg to end proximal to the hecL The 
dotss] axial line ctmimcnces in the latei^ part of tlie gluteal region and descends on 
the postcmkteral aspect of the thigh to the knee. It then inclines medially and end* 
before it reaches tile ankle (fig. 

It is helpful to remember tliat L. 4 supplies the hallux, and with L. 5, most of the 
dorsum of the foot and the from of ihc leg, while S. r supplies the little toe and 
adjoining digits, the heel and most of the sole of the foot. S. z is responsible for the 
supply of a bro^d band of akin on the back of the thiHh and |eg^ scrctchinji from a 
little WJow tlw glutthal fold iJmost to the ftnklc (lig. 1). 

Our knowledge of the extent of the individual darmamniea, capcciBlIy of the limbs^ 
ia neceaaarily baled on clinical evidencpp and different authorities have mapped out 
areas which arc far from being identical for the some dcrmalomes, I'hia ia due, partly 
to their fmlure to adopt n common method in the neurological exonunaiion of patients 
and partly to individual differences between patients suffering from siinilar lesions. 
The hgorea of the Limb dcmiiitcmMs here InBcrted are based on those of the Committee 
appointed by tlic Medical Research Coundl, and published in their Report on 
Peripheral Ner%^e Lesions, igqa. 

Wlwn studying these figures the atudcni must clearly understand that the 
/jnff indicate that the nerves on either side of them extend considerably beyond ihem^ 
the amount of such overlapping being very dilficuli to estimate. On the other hand« 
along the axitii Urns, shown In k^avy btack, the overlap la minimal^ for the nerves on 
cither side of the line arc not derived from canoecutive spinal nerves and the missing 
nerve or nerves ore buried in the substance of the limb in this situation end only reach 
the skin at m more distal point. 


Tim Dismi&trnQN w the Shjnu. Nerves to nin Mt^les or 

xiiE Body 

Each spina! nerve origintiJly suppliea the musitndature derived from the myolofnc 
of the same segment. In cases where the derivatives of Uny one myotouie pcrsisi oa 
separate cniitieo, they retain their original nen-e-suppiy^ but when derivatives of 
adjoining myoloines fuse, the resultant muscle does not necessarily retain its supply 
from each of the comesponding nerves^ although it may and frequently does retain them 
nil. SLnee the Umb muaclea develop in titu In the mesodermal core af the developing 
limb, it is impossible to identify the individual segments from which any muscle Is 
denved by the eiudy of its mode of de^'clopmcnt. The union of the individual sipinal 
nen^s and their branches in brachial and lumbo^acRjl plexuses renders Imp^jssible 
the identificarinn by nnammlCiLl methods of the root value of the iiidh'idual motor 
nen'w. Rccoune^ therefore, must be had to dinicpl observations and experimental 
woidc on monkeys. The results obtained by there methoda am very far from being 
entirely oatiifacfnry and, althcviuh there is sub&rantial agreement with regard to 
certain musclcSi there is cnruiiderabEc divcri^ncc of opinion with nsgard in many 
othem. In precticc the student wdll do well if he cuncentmes on the former group 
and keeps an open mind with regard to the other. 

The /otiTik tfrvicid ttnrtv is responaiblc for tlic inncrvatlnn of the diaphrtigm and 
fractureflor fracturcdislocaaon* above C. 4 which rupture the spinal medulla at this level 
are always fatal. 

The fifth ffFxuVui ntnx supplies the andifclorf and Mira! mtaion of tht $hou!dpr 
and the^cx<^ri cf rAr ffAotc. It ia distributed to the deltoid and supraspinatus, the 
infraspinatus and leres minor and to the biceps and brachialis. This distribution 
k rejected in the position of the upper limb after rupture of the nerve, when the 
shoulder la kepi adducled and medially Totated and the elbow is held in cKiensiDn. 

Tlie rixiA cfTL'icjil rrert'c supplies the adduciori and rmdini n^taim ef fkt jhmtdfr 
and the prmator rnu^citt. It suppliw the pectnfalis nujor, the Kaiiavimus dorwi^ 
the eubs4:apu1^a« the teres major and the pronator teres muscles. 
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The jrtvii^i urvka! ntrv^ supplies the exl^nson of the elbow and, dcecnling to 
most authorttks, the ciictcmora of ihc wrist and The inuselc^ supplied are the 

the cxlensores carpi radiaLe^ ct uloaris tmd rhe eietensor dJgtumm. 
'i'he ih een-Wfff rire supplies the flexore^ d igi torum, auperficiah t ct profu ndita, 

smd the flexor carpi ulnaris. 

The JSrrf thoracic »m:!€ is distributed to all ihe rntrinsic museles of tbie hand- 
Unformnflfely it ts impossible to spenk with the satiic degree of ootifldcocc about 
the innervation of the iniwcles of the lower Jitnb, The nene roots of the liambar and 
upper sacral nerves are not commonly subjected to the aamc variet>" of teminir stresses 
11 the nerve mots of the brachtal plexui nnd, in iconscquence, there is a lack of clinical 
evidence. Apart from the su^tgestion that L.5 supplies the extensor haJIuds Inngusand 
the extensor digitorwn brevis, there is very Httlc helpful mfumiation avalbhle at the 
present time. 


THE AUTONOMIC NERVOUS SYSTEM 

The autonomic nervoua syatem comprises the splanchnic or visoer^ components 
of the nervous system fp. 917)^ and its fibres are distributed to the various v tsccra, 
glands and vessels and to unatriped musde in general. \Vc have already seen 
that the deveJopmeni of a lirntting sulcua in the latenil H'all of the neural tube is a 
couBtant feature throughout the vertebrate series, and that as a result a motor area or 
basal Lamina can be dilFcrcntiated from a sensory area <u akr lamina. FurtluTp the 
nuclei which arise in the dorsal (or latenat) pan of the basal lamina constitute the 
general visceral effcretil column, while those which arise in the adjoLning part of the 
alar lamina constitute the visceral afferent column. Certain of the conatituetits^of 
the autonomic system arc so intimately counreted anatomically with the somatic 
system that they have altcady been dealt with, but it is necessary' to repeat, in part, 
the descriptioits already given to enable the student to obtain a comprehensive 
survey of the autonomic s>i&tcm a& a whole. 

The efferent fibres of the autonomic system taJee origin in nuclei or cclUgroups 
in the mid-brain, hind-bmin and spinal cord, and they emerge from the central 
nervous system as mcdulJaied fibres. Tht7 do not, how^ever, pm direct to their 
distribution. Instead they arc intermpted in a peripheral ganglion, and are there 
relayed to their destination by unmedullated or finely medullated fibres. Two 
n^fonea, therefore, arc interposed between the central nervous system and the 
% 4 scerai effeciora (fig. 

No such distinguishing fealure marks the afferent autonomic fibres. So far aa 
is known all afferent autonomic fibres are the peripheral branches (dendrites) of 
ne^\■e■^:clls placed in the ganglia of the cranial or spinal ncn'cs. 

The autonomic nerv ous system can be subdivicied into t^vo more or less eonipJc- 
meiuary parte, vik. ! the ^aty^p^iheric and the tyrnfrathrUc sysUmr, partly on 
anatomical, partly on physiological and partly on pharmacological grounds. Ana- 
lomicaily it can be demonstrated that most of the viscera of the body receive their 
nerve-supply from two sources,^ one source being the parasympathetic system and 
the other the sympathetic sptem^ PhysiologfcaJly it can be shown for most of these 
viscera that the inhumces of these two systems arc antagonistic 10 one another.* 
PharmaroEcigicaJIy. it has been found that i^ertain substances which paralyse the 
sympathetic ner^ e endings do not affect the parasympathetic nerves, and t/fce twr^. 
The sympathetic system Cf^mpriHvs nvo j^ngliatcd trunks^ together with their com^ 
riiunicafions and their branches uf distribution and subsidiary' ganglia, so that it 
ccmciiutcs a definite anatomical entity, whereas the pairasympathetic system utilise 
certain of the cranial and certain of the sacral spinnl nenes as iiE pathways and docs 
not Jcml itself readily for anatomical demonstration. 

The contrast between the sympaihettc and the parasympathetic systems, which 
is generally recognised, has been clearly expressed by I.e Gros Clark f in the follow¬ 
ing words ; "In general, it may be said that sympatliedc reactions tend to be 'mass 
reactions ^ widely diffused in their effect, and that they arc directed towards the 
mobilisation of the resources of tht^ t>ody for the expenditure of energy' in dealing 
with emergeticccs or emotional crises. For example, the activity of the sympathetic 

* Tor 0 ditges^inn of the chemicd chnnjfcft mvoh gd. *« Sir H. II. Dde'i Croonipn Lee- 
fure : Some t’hmncal F»vlon in thr ConlreJ nf the Cirvulxlinn,'' 1925. 

t Thf 7 '^isiVCi 0/ fit* p. 342, Clarendon Pre^S, 
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Fio. w»-—A di«gnm of thf cffewtit (id# of tha uiUMiomk n«mii Byitem. (After 
Mn-er «h 1 GotUieb,) The pmsj-tapiitheiic fihnsi at« teprcawted by Wue, and 
ihe aympiitbetio fibre*, by red lini* i the intemipted red line* indices port- 
fibre* to lbs tmmiBil and apiiul nerv»+ 
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system produces a v^oaiQstrictioii of cotjuieous leading to an increased 

blood-supply to tbc musdca^ die heurt and the bniin^ which may be called upon to 
accomplish additionnl work. Further^ the heart is accelerated and tlic general blood- 
pressure raisedr while ulJier sisccml aciivibes of less Lnunediate importance are 
slowed by cessation of perisiabis and cIosilto of sphincters. 

" On the Ollier hand* die effects of patasympathedc activity are usually discrete 
and isolatedr and are directed rather toward the conserv^ation and restoration of 
resources of energy in the body. Ttae heart is slowed, the pupils are cDiistrictcd, and 
processes of digestion and asstmUation are promoted by increased glaodular secre¬ 
tion and enhanced viscero-motor activities," 

It is ID be nored that, whereas the passage of a ncrv'ous impulse along a svin- 
pathctic pi^t-ganglionic fibre is associated with the liberation of norad renalin and 
adrenalin in the region of its tenruoals^ In the cases of parasympathetic post- 
ganglionic fibres, all ptegangtionJe fibres and somatic efferent fibres the substance 
Jiberaied h aoeiylcholine. For this reason the above types of nerv'cs arc called 
adrenergic and cholinergic respectively, h is to be noted that the sweat glands ore 
supplied only by postganglionic sympathetic nerves but that these are eholiiiergic. 


'FHE PAR.4SYMP.\TirETIC SYSTEM 

Efferent pathways^—The tpinfichmc gffmnt component of the parasympathetic 
system has a limited origin from the emnid and sacral ends of the central iiervous 
system* but Ijos a very wide field of distribution. Et is charactcnstic; of the fibres of 
this system that they are all relayed in ganglia which arc situated pcripherallyi many 
of them being small colJections of nerve-ceils lying in tiic walls of the viscera them¬ 
selves and visible only W'ith the aid of a mi^scope. Four peripheral ganglia, 
which, though small, ore readily identifiable with the naked cyc^ are found in con¬ 
nexion wiili the cranial part of tlie parmfympathetic aptem. Tlicy arc the ciYnwy 
(p. i097)h the pieryj^ufMilatiae (p* iiorfi), the sohmundihnfm fp, nat) and ihc oUc 
(p. 1 12(}} ganglia, all of w hich have been described in detail in the section dealing 
with the cranial nenes* It is essential that the student should understand clearly 
that these ganglia are concerned solely with the outgoing parasympathetic pathway^ 
unlike the trigeminal and facial ganglia and the ganglia of the glossopharyngeal and 
vagus nerves^ which arc all concerned with incoming zmpubes and contain the cells 
of origin of sensory fibres onlyp l^he cranial parasympathetic gar^gliaarc travensed 
by afferent fibres^ by postganglionic sympathetic fibres, and, In the case of the 
otic ganglion^ even by branchial efferent fibres, but in none of these eases one the 
fibres interrupted during their passage through the ^ngtia. 

The preganglionic parasympathetic fibres arc mcdullated and an^ found in 0) 
oculomoior, (2) the facial^ (j) the glossopharyngeal, {4) the vagus and accessory 
nerves, and also E5) iu the second and third (and fourth) sacral oerv^cs. The post¬ 
ganglionic fibres are oon-medulLitcd and are as a rule shorter than those of the 
sympathetic system, as the ganglia where synapses occur are situated in or near the 
viscera which they supply. 

(i) The ^Hrulumotor paras^impathetic (thres take origin in the mid-brain, and 
are derived from the Edinger-Westphal nucleus {p. 1097)+ The pfeganglionic fibres 
travel in the nerve and leave by the branch which It supplies to the Inferior oblique 
tnuscic to emcr the ciliaiy ganglion* 1%ere they are relayedp and the post¬ 
ganglionic fibres leave the ganglion in the slHirt ciliary nerv^es, which pierce the 
sclera and run fonvards in the perichnroitklapace* to bo distributed to the ciliarj^ 
miieclc {p. 1241) stnd the Sphincter pupillncr (p. 1242). 

(3) 'rhe facia) nerve contains efferent purasvmpathctic fibres which arise in the 
superior salivani' nucleus fp. 1 116} and emerge from the brain In the nervus intcr^ 
mediuB* 'Fhey travel in the facial nerve, leaving it a little abi^ve the stylomastoid 
foramen in the chorda tympani, which traverses the tympanic cavity and ultimately 
reaches the lingual nerve. In this way they are ctmveycd to the aubmoiidibular 
region, w here they enter the submandibular ganglion^ in W'hicli the postganglionic 
$ecretomotor fibres for the submandibular salivary' gland arige (see aisa pp. 1555 
and It2r)f The seerctomotor fibres for the sublingual gland are continued for- 
w'ards in the lingual nerve after they have arisen in the submandibular ganglion (ree 
also pp. 1355 and iiaz). Electrical stimulacioA of the chorda tympani produces 
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dihtt^ition of Lhc ^esscLa of both thcac salivary glands in addioDn to a ^ecrctomocor 
effect* In addition, tlic facial nen-e probiibly oonlaina effej-ent parasympathetic 
fibre* which arc accrcicunotor to the lacritnal gland* They travel by the greater 
petrosal nerve and the nerve of the pterygoid canal and are relayed in the pterygo¬ 
palatine ganglion. The pr»*tgang] ionic hranchea probably travel by the s&ygomatic 
nerve to reach the lacrimal gland {p. iio6) and by branches from the ganghon to 
glands of the nose and palate; 

(j) l‘hc glossopharyngeal contains efferent parasympithclic hbies, which are 
secrelomotnr to the parotid gJand. TTiey arise in the inferior saitvary nudeu* 
(p. 1127) and travel in the glossopharyngeal dctvc and its tympanic branch (fig- 94^)- 
jificr travcmrig the tympanic plexus, they enter the lesser petrosal nerve and fto 
reach tht Otic ganglion* 'rherc they are relayed and the postganglionic fibres pass 
by communicating branches to the auricutotenipoiaJ ncrV'c, by w^hich they arc 
conveyed to the parodd gland. Electrical siimulatiort of the lesser petrosal nerve 
produces a v'asodilator as well as a secreiomotor effect. 

{4) The v-agus contains a very large proportion of parasympathetic fibres. The 
efferent fibres arise m the dorsal nucleus of the vagus (p. IT30) and travel in the 
vagus nerve and In its pulnionaiy, cardiac, cesophageal, gaatrie, intestinaJ, etc,, 
branches. They are all relayed In minute ganglia which lie in the walls of the 
individual viscem. The caidLic ntrvea arc the nerves concerned witli slow ing tlie 
rate of the beat of the heart. They take part in the formation of the i:ardiac plexuses 
(p. 1215) and are then relayed in ganglia which are disttibiited freely over the surfaces 
of both atria in the sub-epicardldl tissue. I'hc lemliinal fibres arc distributed to the 
atria and the atrio-ventriculair bundle, and it is only through the latter stnicture 
that the vaguv can exert any conirol over the vemricukr miiflclc.* According to 
WoollardT the smaller branchce of the coronary^ artenes are innervated mainly by 
the vague, whereas their larger branches, though possessing a double innerv^atiwn, 
obtain their chief saurce of supply from the sympatlietic system* The pu/mypi#fn' 
hrafif:h($ arc motor to the muscles of the bmnehit which arc circulaj'Jy disposed and 
art therefore bmncho-consirictors. The synaptic tcla)^ arc in the ganglia of the 
pulmonary' plexuses. The^urtw ftru^rcAn arc secrctoinotor to the glands and motor 
to the muscular coats nf tJic stomaebr but they inhibit the action of the pyloric 
sphincter. The itsirUtttafbratfifi^s have a corresponding attion on the small Lnt^tine; 
caecum,, vermiform appendix, ascending colon, right colic flexure and most of the 
transN'crsc colon, luring secrctoTnolor to ibe glands and mofor to the muscular coats 
of the gut, but inhibitory*^ to the ilcocaccaJ sphincter, Tlic synaptic relays, in this 
Case, are skuated in the tnyenteric (Auerbach's) plexus and the plexus of the sub- 
luucosaf^lcissner's plexii*), which sre described with thesinietureof the intestines 
(p- 143a)- 

(5)1110 anterior prlmajyvrarnj of the second, third (and fourth) sacral nerves give 
off visceral branches whidi pass directly to the pelvic viscera. iTiey consiitulc the 
prhie nrrvfi (fig. tood), and they unite with branches of Use sympatheik 

pehic plexuses, Minute ganglia are situated at the point* of imicm and fn the walls 
of the individtial viscera. In these ganglia the sacral pajnflfiympaihctic tibrefl arc 
relayed. 

The pelvic splanchnic nerves supply the rectum with visceromotor fibres, the 
bladder witli visceromotor and its spliincter wiUi inhibitory fibres^ the erectile 
tissue of the penis or clitoris with vasodilator fibres, the testes or ovaries prohabjv 
wkb vasodilator fibres, and the uteiinn tubes and uterus vvhh vasodilator and pcia- 
sibly inhibitory fibre*- In addition, filaments from the pelvic nervts pits* upw ards 
ID supply the sigmoid colon, descending colon, left colic flexure and terminal part 
of the iraEisverse eolon with visceromotor fihrusT ^^^o pp. tzig, (448.) 

Aifcr«Dt pathways,—Afferent parasympathetic pathw’ays include the follow¬ 
ing: (1) rijtrx afferent fibres concerned in the normal reflex control of 

various visceral phenomena, c-g. fnim the lungs and hearty alimentary tract, carotid 
sinus, urinary bladder, etc*; (2) I'ibres concerned with organic vistrral sens^uoM^ 
e.g. nausea, hunger^ sexual sensations, lecul distetisirm, etc*; and (3) Vueeral fuiin 
fiUes. In general^ pain fibres from the vbiccra pass ct-nindly to the spinal cord in 

• Ciillii. W., and Tribe, E . J. Ptrysi&L, 46, 

t I I- IL \V.x«!Iard, J* Anat., 641. 

I E, D. Tclfoid and J. S. D. Scoprerd, liAhih MaiKal Jouritai^ .MAmh 31, 1934 ; C. A. G. 
MiEchelL A fed. jotfrn., 4^ roi S- 




'I'HE SVMPAl'HLTIC SYBl^EM 

Uu: j^ympathctic ncnTs, hut in the case of Mime of the pelvic c.g. the urinary 

bkdder (especially the base and neck], the prostate^ the proslatic urelhra, the cervine 
of the uterus^ the siginuit! colon and the rectuni, pain pbres aho pass in the pelvic 
splanchnic nerv^es. The double pathway for pain fibres from the urinary bkdder, 
for instance, b important surgically in ihai operative section of the sNiiipatbetic 
superior hypogastric ple^cus alone may not be successful in the relief of bladder pain. 

The anerent parasympatheiic fibres mentidned above arc pcHpheraJ dendrites 
passing from the viscera to their nerve cells of origin in the ganglia on some of the 
cranial nerves (glossopharyngeaJi vagus) or, in the ca^ of the pelvic nerved, in the 
ganglia on the posterior roots <>f the second, third (and fourth) saend ncfv'cs^ The 
axons of these cells pass into the central nervous s^-stem (medulla or sacral segiuems 
of the spinal cord] tn synapse about nerve cells therein^ 


THE SYMPATHETIC SYSTEM 

The sympathetic nervous ^ystem^ which is the larger subdivision of the auto¬ 
nomic nervous systent, includes the two gangliaied sympadietic trunks, their 
branches, plexuses and aubaidiary ganglia, ll has a much wider distribution than 

Fid. —A KhetOE so ihow the Jegtinatioo of the prcjianglicmic fibrra oF m. 

^hiir tdniiis caminumwti.. The fihfES sns shown in red 

and the pofftF^anslionk fibre* tn An o^vrfni ^ympatheiic fihre » 

shou-n ill biu£. 



the parasjTTipathetic system* for it innerv'^ates all the sweat glands of the skin, the 
erector muscles of the hairs and the miiscular walls of all the blood-vessels^ in addi- 
lion to the heart, lungs ^d other viscera. The hbres which it distributes are all 
derived from the nerve cells in the ktcml column of the grey substance of tive 
thoracic and upper lumbar segments of the spinal cord (connector neurones) and 
they emerge in the antcriornerve-rooLa of nil the thoracic and the upper two or three 
lumbar nen'cs^ The limitation of this outilow from the spinal cord (the thomcico- 
turn bar outflow) js remarkable and has niit been satiafactorily explained. 

The ganglia on the sympathetic inuiks are the first part of the sysrem to develop 
and they are derived from I he primitive spinal ganglia, which origrnatc from the 
neural cresi (p. i; 28 ). Originally^ thcreforek the ganglia on the sympathetic trunk 
correspond numcricaJly to the ganglia on the posterior nerve-rootfr of the spinal 
nerves^ but fusion of adjoining ganglia is not uncommon, and in man there arc 
rarely more than twenty-tw^ or twenty-thTCc, and there may be fewer discrete 
ganglia. The subsidiary ganglia (e.g» the cmliac ganglion, the superior mesenteric 
ganglion, etc.) of the sympathetic system arc derii ativea of the ganglia esF the tmnks. 

Efferent pathways.—The ederent pathway's from the spinal cord to the sym¬ 
pathetic system arc alwayn interrupted in a ganglion Bituated eitlier on the sym^ 
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pnthctic trunk or in a more peripheral poshton. On this account the fibres of the 
s>^em can mnvcnrcntly l>e diffeixntiattd prfgan^tiofik and posigangtionic fibrtt. 
Occasionally the intemipEtan may be in ganglia proximal to the sympathetic trunk ; 
ihcse ore known ^ * intermedLitc ganglia ' and they art most comiDon on the grey 
rami comitiunicantcs (ife belfjttp) in the ccn-ical and lower lumbar re^irjns.* They 
may be of micrf^scopic size and arc sometimes situated in the anterior ncr\^e n:>ola 
or the ncfvc trunks. In performing sur^gica] esdsion of parts of the sympathetic 
trunk, these intermediate gaiiglia would removal. 

Two varietiea of eomniunicating branches connect the ganglia on the syin-- 
pathetic trunk with the spinal nen-cs. These are termed and icAiVe r^jinf 
communtcafiter. At least one ramus eommtmkmi connects each ^mal nerve to 
the coiraponding sympathetic j^glion. h conveys postganglionic fibres from the 
ganglion Co the nerve for distribution to the hlood-vessela, sweat glands and arrec- 
tores pRarum muscles in its area. 

One whitf ramm communicam connects each of the thoracic and the first, second 
and, sometimes, the third lumbar nerves to the corresponding sympathetic ganglion. 
It conveys efferent preganglionic fibres (asons of cells Ln the lateral column of the 
grev matter) from the nerve to the sympathetic trunk and, in addition, tt transmits 
afferent visceral fibres from the trunk to the nen e. 

In addition to the white and grey rami mixed types are also found. Some of 
these, in the thoracic rt^ion* represent fusion of white and grey rami, but some^ 
found only in the ocrvical region * contai n bundles of thick myelinated fibres which 
art somatic efferent in character and are utilising the grey ramus as a convenient 
route to reach the prevertchni! musclcs.-f 

Aifcrcfit Sympathetic Pathways.—Afferent nerve fibres pass fmm the 
viscera, in company with the po^lgangfionii: efferent fibres supplying these struc- 
tnresp to reach the ganglia on the sympathetic trunk. I'hey pass uninterruptedly 
through these ganglia (fig. 995) and tbence, by way of the white rami communi- 
canteSni to the thoracic and upper lumbar spinal nerves, which convey them to ihc 
ganglia on the pnsterior rocjts of these nen^cs, in which tlicir tmipoE^rcelk of origin 
lie. The axons of these cells finally pass into the thoracic and upper lumbar seg¬ 
ments of the spinal cord to synapse about nerve cells therein (fig. 994^)- Clinical 
ohaerv'ations indiciiic chat pain fibres from the thoracic and abdominal viscera pass 
to the spinal cord in tite syrnpathctic nerv-es; in the case of many of the pelvic 
organs, however, pain fibres also run in the pelvic splnnchnic nerves to the sacral 
Mgtnems (S. a, 3, 4) of the cord (pp. taoo, laor). 

The visceral pain fibres pmbahly run In the same pathways in the central 
ncfvmiB system as those taken by somatic pain fibres (sec p. 944). 

Viscera] pain fibres are arranged on a segmental basis. Jn patholDgicaJ condi¬ 
tions affecting a vLscus the patient may expericnire pain vaguely in the region of 
the viscus itself (true visceral pain), and also in ■ region of the skin and other somatic 
tissues the sensory nerves from w^hich enter the same segmenis of the spinal cord 
as those which receive pain fibres from the visuus. This fatter phenomenon is 
known as referred pum 4 In addition. If inflammation sprejdtt from a diseased 
to the pari^tui serous tnembritne (e.g. peritoneum) rekted to it, the somatic 
pain ncr^^cs will be stimulated, and cause local somatic pain in this region, of the 
body wall. 

Visceral pain nem^ have a higher threshold for the forms of stimulation that 
excite pain nerve* in the akin and other somatic tissues ; the adcquaie stimuli for 
visceral pain nerves include stretching (distenaton), strong contraertions (spasms) 
and deprivation of blood supply (ischemia). Thus viscera in a conscious patient 
can be handled, cut or burned without evoking whereas, for example, stretch¬ 
ing of the gut ur of its mesentery dews cause pain. 

Visceral pain fibres (sympathetic or parasympathetic) probably have the same 
segmental connections with the spinal cord as the cfFcrcni viscera] fibres, and these 
arc indiciTed below, alihougb there La diversity of opinion concerning the precise 
segments involved. 

• J. D. B4>yd and P. A. G. Mufiro, ta, n>49, p. S92. 

t JcHvph Pick and Ihinsl Sh«hwip Syrapiltucic Ram I in J, So, 1946. 

* For an aeeoiitit tif the iheorita cancemiiiB ihe mcchanbin of ttkmd pabi, aee 1 >. C. 
SiiicUir, G. WeddeD and W. H. FdoJel, Referred pmtH and tSHciated pheiuttwena ", 
Ermh^ 75 , 
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SECMENTAL INM31VATIOS OF Vl?jt:t3lA 


(The sc^entft of tUc spinal cord mentioni-d below are those from which 
efferent preganglionic s^Tupathelic and aacral parasyinpatlicde Bbrefi arise ; proh- 
ahly the same scgwienta alH> receive afferent fifircs from these viscera.) 


Ilean. 

Ijranchi and ItJllg^. 
Oe&ophagns (lower 
part). 

Statnacin 
Smiill intestine, 
Large intestine as 
far as descending 
colon. 

Descending eolon^ 
sigmoid colon and 
rectum, 
liver and g^ll 
bladder. 

Spleen. 


Ti -5 

Pancreas^ 

T (t-io 

Ti-S 

Kidney. 

T lo-L. I 


U rctcr. 

T ii-l-1; 2-4 

T ;.6 

T 6-10 

SuprarefiaL 

T lo-T- 1 

IVio 

'festis or ovary. 
Epididymis, ductus 
deferens and 

T 10*11 

T ii-L I 

Seminal vesicles. 

T 11-12 : S 2-4 

Urinary bladder- 
Prostate and 

T ti-Lz; S 2-4 

L 1-2; S 2-4 

prostatic urethra. 

T 11 'l-1; S 2-4 


Uterus—body 

T 12-L 1; 

T 7-^ 

—cervix. 

a 2-4 

T &.10 

Uterine tube. 

T iO“T^ 1 


Structure of the sympathetic ganglia (fig+ 935)'—constiiucm nerve- 
cells of the sympaThetie ganglia are surreynded by a nucleated capsule, like the 
nerve-cells in the spinal ganglia^ but unlike them they are usually multipolar, 
’'rhis is not surprising^ for the sympaihciic cells are stations on an cHcrenl pathway 
and must be et[uipped to receive stimuli from more than one source. Eseamiriation 
of the NissEs bodies lias shovm that their sbse and arrangement are sufliciently 
c(»nstant to justify the view' thai^ despite differences in the bcbaviotir and arrange¬ 
ment of their dendrites and axons, all these cells belong to one type- 

Tiie dendrites may pierce the capsule and ramiiy in the LnicrccUular areas, but 
in many cases they break up witliiti the cap^le. These Uitracapsular plexuses u^ay 
be situated on one side of the cell, conatitnting a ghtnerulus^ and two or three neigh¬ 
bouring cells mav participate in the formation of a glomenilus. The ferminBls of 
the preganglionic libres break up into fine plexuses which establish synaptic rela¬ 
tions with the c.xtracap^sular Jcfidritea, or they may form a netw'ork which may he 
cither pericapsular or pcriocUular Ln position. 

The axons of the ceils io the svTnpathctic ganglia are usually nnci unmcdullatcd 
fibres, hut tlicy do occasionally piksess a thin sheath of myelin, llicy are destuied 
cither to pass directly to tlitir disiribution in one of the medial branches of the 
sympathetic trunk or to pass by a grey ramus commuoicans to Join a spinal ner^c, 
through w hkh they are distributed. Tlwy may, however, ascend to a higher or 
descend to a lower level in the ^inpathctic trunk before leaving it. There is no 
evidence of the exisicnec of any biicrganglionic association fibres. 

The axons of Uie cells in the subsidiary fcanglia pass directly- to their distnbunofi. 
Structure of the sympathetic nerves-— *i"hc prtgsffi^tionic fiirrei are all derived 
from the cells in the lateral column of the grey maucr of the spinal cord. They are 
usually small in sik and are mcdullateii The poitgaf^Homr fibres are the axons of 
sympathciic ganclion cells. They are small in sixe, and, although usually uftmcdul- 
lated, tliey may be provided with a fine, mcdulbted sheath. The affereni fibm 
the peripheral branches of unipolar cells In ihc spinal ganglia, I’liey vary m fli 3 se« 
and they may or may not possess mcdutialed sheaths. 

Mode nf distribution.— The efferent fibres from the ceils m the lateral coju™ 
of the grey matter of the spinal cord join the anterior nervc iwis and pass inlo the 
anterior priman' retni of the spinal neri'ca, T^ t (n L. 2 or 3, ITiey leave the nerv'cs, 
aJmt^i ai once^ nnd are conveyed by white rami communlcantcs to the corresponding 
ganglia on the sympathede'trunks or, in a few cases, synopse with ganghomc 
cells pro.rimal to the trunks (see p. 1102). 

The preganglionic fibres may behave Ln a number of ditfcrcm wny* thcreaf^r 
(% 993)- They may end in the ganglion by arborising with the dcnorites of a 
gangbon cell; (ft) tlicy may pass through the ganglion and ascend to a ganglion at a 
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tiighcr IcA-cl or descend to one at a lower level before terrnlnatJng ' (r) they may pass 
through the ganglion without being interrupted, emerge in one of its medid branches 
and enter a Eubsidiary ganglion^ where they are relayed^ 

The pootganglionic fibres may be arranged in two gToup$ : (c) those arising from 
the ganglia on the s^rmpathetic tmnks, and (A) those arising from subsidiary ganglia. 

{d) Postganglionic hbres ansing from a gang] ton on the sympathetic trunk may 
reach their distHbution in a variety of ways. {j) 'l*hey may pass back to the com- 
Aponding spinal cicrvc along its grey ramusconrmunicans. Such fibre?are distributed 
by the anterior and pi>sttrior rami of the spinal nenx to the blood-vessels, sweat- 
glands^ hairSp etc., in its zone of supply. {2) They may pass in a medial branch of 
the ganglion to lie distributed to some particular viscus or viscera, (3} I’hey may 
ascend to a higher level or descend to a lower k-vcl before leaving the sympathetic 
trunk cither in one of its medial branchcE or in a grey ratnus communicans. 
giingHonic fibm nner travet m a wAtfe ramm commutik&ns. 

(AJ Post^ngllonk fibres ariaiiig from a subsidiary sympathetic gang! ion pass 
direct to their distribution in one of the branches of the ganglion^ although they may 
hare to travcise a plexus rn mutt. 

Fjis. 094 -—DiaHrama of the ctntniS eooncxion* of the BootiKEk fibres (A) and 
i^THpathetic fibres (B) uf a typical spinal fierve. AlTcriMit fibres, bfut: conneetor 
neurones, ftiarA : efTtrent fibrei, ftii. 



ITic sympathetic trunks arc two gangliated nerve cords which extend from the 
base of die akull to the eoecyx. In the neck the trunk is placed behind the carotid 
sheath and in front of the tmnsverAc processes of the cerv'ical vertebrte' in the 
thorax it is placed on the heads of the ribs * in the abdomen on the anterokieral 
aspect of the bodies of the lumbar vertebne t and in the pelvis, on the front of the 
sacrump medial to the anterior sacral foramina^ In front of the cocqoc the two trunks 
meet each oiher in a tenninal ganglion^ termed the ganghi/n impair, 

[n the neck the ganglia are reduced to three in number hy the fusion of adjoining 
ganglia, and from the upper end of the superior pnglion the internal carotid nerve 
takes origin. This ncrt'c constitutes an upward continuation of the aympathclic 
trunk, and it accompanies the internal carotid artery through the carotid canal into 
fhe skuJl* In the thorax there arc usually eleven ganglia^ but the number may be 
decreased to ten or increased to twelve. There are usually four gangha in the lumbar 
region, and four or five in the sacral region. 

Functional Significance. - ITie efferent postganglionic fibres which pnaa [n 
the grey rami ccntimynicanics to the spinal nerves supply vasocoostrictor fibres to 
the bloM-vessels, accrelomotor fibres 10 the sweat glands and motor fibres to the 
anectnres pilorum muscles in the ureas supplied by the correspondiag spinal nerAi^e. 
1’hffisc which accompany the motor nerves to volumar)' musdcfl are probablv 
distributed only to the blood-vessels supplying the muscles, 'f'hc fibres which pa^ 
til Uic viHccra and other structures are concerned with vasoennstriction, diktation 
of the pupils, dibtation of the bn:>nchioles, glantiulor sccrctton^ movementa of the 
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Fi&* ^5 —^The fighi sjTTOflihecic trui^k »ivd it» Extahridoni with the ihqrack^ 
alxiDminil end pelvic plexuBCA^ 
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alirrieniar\' trad and the xinn^ry bladdtr (relaacatw^n of tiw muscle walls and con^ 
traction of the sphincters), etc. While in j^cneral the svinpathetjc and para-^ 
s>Tnpatheuc systems esert antagonistic influences on the viscera they supply, in 
tile ca^' uf the urinary bladder, for instance, the normal emptying and hUing of 
the viscus arc controlled only by the parasympathetic system, the sympathetic 
being conccmecl with the supply of the blood-vessels of the orgaon So far eis the 
functional significance of the afferent sympathetic fibres is concerned, mention has 
already l^n made (p* 1202) of I he pain fibres. Whereas adcrent parasympathetic 
fibres fpp. 1200, 1201) arc concerned tn viaccnil it:flc?ics \ihich operate under 
normal condit ions of life* the afferent sympsihciic fibres Ln most cases are probably 
invnlved in reflexc^i iKrcuiring under unnsual or pathological conditions, and do 
nnt appear to be essential for the normal {phv'^^inlogicaJ) reflex rtgulaiion of the 
viscera. 

'The innervation of the Individtial viscera and of stniciuncs in the head and 
neck will be dealt with in subsecjucni sections. 

Higher autonomic centTes+—Within recent years experimentaJ evidence Ims 
confirmed what had, on clinical grounds^ previously been thought, tiamely that th^ 
peripheral autonomic nervous system is influenced by the activities o? ^ higher 
centres * in the brain, 'rhe parts of the brain especially concerned have been 
described in the section on the Central Nen^ous Sj-stem and include some of the 
nuclei in the hypotfiaJamus (p. 1015) and certain areas of the corteK of the frontal 
lobe (p. T043). The activities of the cerebral cortex m Tcladon to the autonomic 
nen'ous ^'dtem are of interest in that they indicate a close relationship between 
mental Staled and somatic and visoeral activities^ 


TttE Cephalic Part of the SYMPATirenriC System 

The cephalic part of tbe avmpathetic system on each side begins the internal 
carotid nerve, which is cundnued upwards from the superior cenical ganglion of 
the flympathctic trunk. This nerve is soft in texture, and of a reddish colour, and 
contains postganglionic fibres derived from the cells of tive superior cervical ganglion. 
It ascends behind the internal carotid artery% and, entering ihe carotid canal in 
the iem|K>ra1 bone, divides into two branches, one of which lies on the lateral and 
the other on the medial ddc of the artery. 

The laierai branchy the larger of the two, gives EJaments to the internal carotid 
artery, and forms the lateral part of the mternai earotid piemt. 

Tlic mtrdmibranch also supplies filaments to the ijit^mal carotid artery^ and, con¬ 
tinuing onwards, forms the medial part of the internal carotid piejtua. 

The iatemaJ carotid pfexiia suirounds tJie internal cirotid artery, and occa¬ 
sionally presents a small gangliform swelling on the under side of the vessel, some- 
times termed the carotidgttngfictfi. Tlie lateral part of t^\t plexus communicates with 
the trigeminal and pterygopalatine ganglia^ and with the abducent nerve and the 
tympanic branch of the glo«aopliaryngea1 nerve \ it distributes filaments to the wall 
of the carotid aiteiy. 

The branches commujiicating with the abducent nerve consist of one or two 
filaments which join that nen'e as it lies upon the bleral aide of the internal carotid 
artery, llie communication with ihc pterygopalatine ganglion is effected by a 
branch named the dtrp f^trosuf ; this branch perforates the cartilage filling ihe 
foramen lacerumf and joins the greater petrosal nerve to form tlic nerve of the 
pterygoid canal, which passes through the ptcrygpid canal to the pietygopalatine 
ganglion. The communication with Ihe ^Tiipanie branch of the glossopharyngeal 
nervx is effected by the lupcrwr and infmor curaticctympamc nma, which traverat 
the posterior wall of the carotid canal, 

*Vhc medial part of the interna] carotid plexus U situated below and on the medial 
side of that part of the iniemal carotid artery which is placed by the side of the sella 
tuTEricii, Ln the cavernoua sintia. It gives branches to the internal carotid artery', and 
communicates w ith the oculomotor, trochlear^ ophthalmic and abducent ncn^cs, and 
with the dlia^ ganglion. It also sends VASt>moior iw igs along the branches of the 
intcmal carat id artery that pass to supply the hypophysis cercbir^ 

The branch to the oculomotor nerve joins that ncrt c at its point of division; the 
branch to the trochlear nerve joins the latter as it lies in the lateral wail of the caver¬ 
nous sinus : filaments are connected with the mediil side of the ophthalmic nen^'C i 
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and one joins the abducent nerve. The ttlament to the citiury gitnglion ariaea lioTn 
the anterior part of the plexus and tntcra \\\t orbit ihrotagh the suptrior orbital 
fm\irc ; ii may join the ganglion directly ; it may unite tvith the communicating 
branch from the naaociliaiy nerve to die ganglion (p. 1097) ; or, it may travel via the 
ophthalmic nenc and its DHSociliary branch. Its fibfiS pass through the ciliaiy 
ganglion %iithout being interrupted and run in the diort ciiiajy nen^cs lt> be 
distributed to the blotid-vessels of the eyeball. ITic fibres which supply the Dilatator 
pupiJia; muscle usually travel by the oplitliiilimc, nasociliary and long cilbr^' nerves. 
The prcgunglionic fibres concerned leave the spinal cord in 1 \ 1, and pass to the 
first thoncic sympatheiic ganglion, through which they pass ujunicmiptedly^ 
They then ascend in the cervic^d parr of the aympttthctic trunk to reach the superior 
cervical ganglion^ where they arc relayed. 

The terminal filaments from the internal carotid plexus are prolonged as plexuses 
around the anterior and middle cerebral arteries and the ophthalmk artery : along 
the anterior and middle cerebraJ arteries tiiey may be traced to the pia mater ; along 
the ophthalmic artery they pass Into the orbit where they accompany each of the 
branches of that vessch The filaments prolonged on the anterior communicating 
artery^ connect the sympathetic ncn'cs of the right and left stiles and a amall ganglion 
may be found associated with these filaments.* 

The CERViCjii. Pakt of nrE SranATitinric System 

'The cervical part of each sympathetic trunk consists of three ganglia distin¬ 
guished, according to their petitions, as the superior, middle, and inferior^ and con¬ 
nected by intervening cords (fig. 995)* This part sends grey rami communicantes 
to all the cervical spinal nenes.t but receives no -white rami ccmmunicanics from 
them ; its spinal fibres are derived from the white rami communieantes of the upper 
thoracic nerves w hich cnicr the corresponding thoracic ganglia of the sympathetk 
trunk, through which they ascend into the neck. In thetr course the grey rami 
communicames may pierce the Longus capitis or the Scalenus anterior muscle. 

The itupmor cervical ganglion^ the laigcst of the three^ is placed opposite the 
second and third cervical vertebra. It is of a rcddkh-grey colour and usually fusi¬ 
form in shape, sometimes broad and fiaticned, and occasionally constricted at 
interviila ; it is believed to be formed by the coalescence of four g^glia, correspond¬ 
ing ivitb the upper four cervical nerv^es- It is in relation^ in front, with the aheatb of 
the inicmd carotid anery^; behind, wTth the Longus capitis muscle^ The interna! 
carotid nerve (p. 1206) ascends from the upper end of the ganglion into the cranial 
cavity 1 the low^er end of the ganglion is united by the connecting trunk with the 
middle cers'^ical ganglion^ 

Its branches may be divided into later^h medial and anterior. 

Tlie lateral branches of the superior cervical ganglion consist of rami 
communieantes to the upper four cervical nen’ca and to cetlain of the cranial nen^es. 
Sometimes tlie branch to the fourth cetvtcd nene comes from the trunk connecting 
the superior and middle ccn'icai ganglia^ Delicate li]aments run to the inferior 
ganglion of the %^uSp ^nd to the hypoglossal nerve; and a branch, named the 
jmular nervt, ascends to the base of the ^uU, and divides into tw o tw igs, one of 
which joins the inferior ganglion of the gloswphaiy ngcal, and die other the superior 
ganglion of the vagus ; other twigs pass to the superior jugular bulb and to the 
meninges in the posterior enmial fossa* 

The medial branches of the Bupcricr cervical ganglicm are the laryngo¬ 
pharyngeal and cardiac branches^ 

The kryngtiphaTyf^ral brandm give tvrigs to the eaxodd body, and pass to the 
side of the phary nx, w here they join w iih branches from the glcjssophafyngeal and 
vagus nerves to form the phofyngfoi plexus {p* i i 33 )f 

'['he cardtite hraneh ariiM by two nr more filaments from the lower part of the 
superior cerv ical ganglion^ and occasionally receives a twig from the trunk connect¬ 
ing the superior with the middle cervical ganglion, h is said to contain only 

• G. A. G. Milchcl], Art^tomy of thr Atttontftnie^ NrrWUt p, 20?, E. otad S. Li^ing- 

l.Ed., Edlnbureh aiad Londen, t^53. 

+ Fear drtailcd accounW of The firev mmi comm umC an lei So the ctr^'ical ncr\«, m pipem 
by T. K FottB. 7 , Aftas^, 59. Ojcford. J. Atta!.,i^2, J. Pl^ond IXShcchjin, 

jl AnaL, So, 1946, and riso S. Sunderland ind O. M. fi^lbiocikH BrjmW* Vol. 7^, part 3, 
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Pio. 991b.—The middle «nd inferior cervical geriKlie of ibe risht «de. 


l%o8 


rwrt^rtsi #. inmt 







Snfttiiwtk 0 - 
toid jow, 

4 pw ndfolar^ 


Virwicsi pitturi 

Virwed from tlw right il-dc. 


muiM 



t^frritrr fi^mfcrtKl 

Bifftdk ctnifjttl 

ftfviMi 


iAjrivirf wr. 
LmtV 

iwrpitii M. 


fViuJ'EittM' pftiMMif 04 ^ 


R. 4 . 


rwfUMd.,nd 


StmdJk 


thmir 


Bw 7*he fsinr. Viewed fnim in fro^it^ 

itOTE.—A oo niaB of cIh vm«t>f4l utBy Jua bun «CM«d te xJtm ixFned fmriflkm. 







THE SY^IPATHETIC SYSI EM 


1209 


efferent fibres, ihc prcgangliotiic oullltw hvlng fn>m tlie upp^r (horade segnieiUA 
of rhe spiniil cord^ and to bt devoid of any visceral pain fibr^ from the 
(p. i2i5h It runs down the neck behind the common carotid artery, and In front 
of the Longus ccirvici :3 miiBclc; it emsaes tn front of the inferior thyroid artery and 
rctmirenl lary ngeal flcrsc. The course of the nerve of the right side then diiFcra 
from that of the left. The right nerve, at the root of the neck pasiicii, usually behind^ 
but soitictimes in front of^ the aubcla^ian artery', and poatcrolaicral !o the brachio¬ 
cephalic artery to the back of the arch of the aorta^ where it joins the deep pan of 
the cardiac plcxua* It ia connected with other branches of the sympathetic ; about 
the middle of the neclc it rcceiveB fflaineiiis from the external laryngeal ner^^e: 
lower down* one or nvo cardiac branches from the vaguj ncr\'e join it: and as it 
enlcra the thoinx it is joined by a hiament from the recurrent laryngeal nerve, 
b’ilaments from the nerve communicate with the thyroid branches from the middle 
cervical ganglion. n*hc left nervt^ m the thoriuc, runs in front of the left common 
caiotid artery' and across ihc left side of the arch of the aorta ^ lo the auperhcial pan 
of the Cardiac plexus. Sometime^ it descends on the right side of the aona and 
ends in the deep part of the cardiac plexus, k communicates with the cardiac 
branches of ihc middle and inferior cerv'icai sympathetic gangliap and some tinges 
with the inferior cervical cardiac branches of the left vagus, aPid from these mixed 
nerves branches pass down to form a plexus on the ascending oort^^ 

The anterior branches of the superior cervical ganglion ramify upon the 
common carotid artor)% and upon the txtemal carotid artery and its branches, 
forming around each a delicate plexus in wbidi smaJI ganglia are occflsionally found. 
The plexus surrounding the facial artery^ supplies a htament to the submandibular 
ganglion^ and the plexus on the middle meningeal artery sends one offset to the otic 
ganglion^ and another^ termed the external pctr&sni nerve, to the gangiion of the 
facial nervx* 

The middle cervical ganglion (fig, 996), the amallest of the three cervical 
ganglia, is occasionaJty absent, l^ing replaced by minute ganglia in the sympathetic 
trunk in this region, k is usually placed opposite the sixth ccnical vertebra, in 
front of, or just above, the inferior thyroid arterj^, or it may lie near lo the inferior 
cervical ganglion ferVr ififin). It is probably tonued by the coalescence of two 
ganglia corresponding with the fifth and sixth conical nerves. 

I'hc ganglion sends grey rami communiE^antes to the fifth and sixth ccndcid 
nervTs, and sometimes to the fourth and seventh, and gives olf thyroid and cardiac 
branches. Lt Is connected to the Lnlcrior cervical ganglion by two or more cords, 
w hich am very' variable In their disposition. The posterior cord usually splits to 
enclose the vertebral arieiy. 'llic most anterior cord loops down in front of and 
then l)elow the first part of the subclavian arteryv fTicdial to the origin of its intemai 
tborack branch, and supplies of^ts 10 it- This loop ts called the ansa tnbeiatria. 
[t is intimately related to the cervucol pleura» fretjucnily consists of niore than one 
filaTneiit, and generally communicates with the phrenk- nerv^e. 

The thyroid branches run along the inferior thyroid artery to the thyroid gtand ’ 
they communicate with the superior cardiac, external laiyngcal and recurrent 
laryngeal nerves and send bmnehes to the parathyroid glands. 

The C€irdutc branchy the largest of the symptheiic cardiac branches^ arises from 
the middle cen'ical ganglion, or from the trunk connecting the middle with ti;c 
inferior cerviad ganglion. On the r^Af side it descends behind the common carotid 
arterv, and at Uic root of the neck runs cither in front of or behind the subclavian 
artery^ it then descends on the trachea, receives a few filaments from the rccurrcni 
laryngeal nerve* and joins the right half of the deep part of the cardiac plexus, in 
the neck, it communicates with the superior cardkc and recurrent laryngeal nen cs. 
On the iift side, the nerv-c enters the thorax between the left carotid and ffubclavian 
aneries^ and joins the left half of the dc^ part of the cardiac plexus. 

Fine bntnehes from the middle cervical ganglion also pass to ihc trachea and 
(Esophagus. 

The inferior cervical ganglion (fig- 99*) lies between the base of the trans¬ 
verse process of the seventh cervical vertebra and the neck of the first rib, in front 
of the anterior ramus of the eighth cen ied nerve, and immediately behind ihe 
vertebral artery and its associated veins, k is larger than the middle cervical 
ganglion and cs probably formed by the coalescence n! tw o ganglia corresponding 
w'ith the seventh and eighth cervical nerves. In most cases the inferior cen'ical 
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and firat thuracic 4rc fused to form the cervicothorark g^i^ghon or rtfilaU 

<]Silled hecause nf its radiatini; branchee ; s.{>Tiietijries the sccoud tluiradc 
ganglion is also fused with this ^nglinnic mass. In coses ^^hcrc the middle 
cen'icul gaughon b^niaU, or replaced by minute ganglia (seraht/vt), a sniall gonglion 
(the Vertebral ^anglinn •) lies just in franl of the inferior ganglion, vettchnd 
artery being embraced by connexions between the two ganglia. The ansa sub- 
clavia may sometimea nrigiTiate from r!ic venebra! ganglion instead of the middle 
ecn ical ganglion. The Stellate ganglion lies on or just beyond the lateral border of 
the 1-^inguB eerv ieis mtiscic and lias ihe superior iniercosial artery iinmceiiaiely on 
its lateral side ; it is scpiiiuted from the ptisterior aspect cd the cervicai pleura by 
the Buprapleunil incfubrane- 

The inferior ccr^^ical ganglion sends grey rami conuniinicantes to the seventh 
and eighth cervical nerves, gi%'es off a cardiac bmneh, supplies branches to neJgh- 
I'HHmng vesseJs, and not infrequently sends a branch to join the vagus nei%'e. 

The grey rami communioiittcs in the seventh cervical nerve vary from one to 
five in number. Tvro^ which is the usual number, arc ahown in hg. 996. Another 
often ascends medial to the vertebral artery and in front of the transverse process 
of the seventh cervical vertebra and^ after cornmunicating here with the seventh 
cervical ncrvcp sends a small hranch upwards tlimugh the foramen transvcrsatium 
of the sixth cendcal vertebra in company wiili the vertebral vesseb which joins the 
sixth cervical nerve as it emerges from the intcr\encbral foramen. Another in^ 
constant branch may pass through tfic foramen iransversaHum of the seventh 
vertebra* 

The grey rami to the eighth oert-^ical nerve are also rnultiplc and vary' from three 
to six in number. 

'rhe cardiiif. ifranih arises from either the mferior cervical or the first thorapc 
ganglion. It descends behind the subclavian artery^ and along the from of the 
tracheap to join the deep part of die cardiac olcxus. fiehimJ the subclavian artery it 
communicates with the recurrent laryngeal nen'c and the curdiac branch of Ihe 
middle cenleal ganglion. It is often ncphiccd by a %-ariabJe number <pf fine branches 
derived from the inferior ganglirm and the ansa sul>clavia. 

i&blood~vris^If form plexuses on the subclavian artery and ii^ branches. 
The plexus on the ventbral a^le^y^ is derived mainly from a stout branch of the 
inferior crnical ganglion which ai^ends behind the vertebral artery' to the foramen 
tnuufvcrsarium of the sixth cerxical vertebra, reinforced by branches from the 
vertebral ganglion or the cervical sympathetic trunk which pass upwards on the 
from of ihe artery. From the plexus, branches {deep rami communicantes) pass 
to the anterior rami of the upper five or six cetvical spinal nerv'es. I'he plexus 
mntaina a number of nerve cel Is. The plexus is conimued into the skull along the 
vertebral and buailar arteries and thesr branches aa far as the posterior cerebral 
artery^ where it the pkxua derived from that on the internal caroiid arterys 

*rhc plexus on the inferior thyroid artery accompanies the artery to the thyroid 
gland, and coiuniunkaies with the rrcurmni and external Jan'figeal nervtrs, w ith 
the cardbc branch of the superitir ocAlcal ganglion, and w ith the plexus on the 
common carotid artery'. 'I'hc axillary’ and the htuchial arteries and their branches 
aIX: not supplied by ihe subclavian plexus but by the branches of the brachial plcx-us, 
and eipccially by ihc median nen'e. The fibres concerned arise in the inferior 
cervical ganglion and pa^yi to the plexus along the grey rami Cijmmunicantcs. They 
travel for the most \^r{ in the lower trunk of the brachial plexus. 

rhe preganglionic fibres concerned with supplying the upper limb arc derived 
from the upper ihoracic segments of the spinal c<>rdp probably Ta-6 (or 7), These 
fibres pass up ihc sympathitic trunk to avTupfte alnjut cells niainly in the inferior 
cerv'ical g^rnglion* whence pCKStpngltonic fibre^s pass ihc brachial plexu^t, mainly 
the lower trunk. Most of the va:nH:unstrictur hbres supplying the arteries of the 
upper limb emerge from the spina! cord in the anterior rtx^ts of the seoonti sintl 
third thoracic nerves. These arteries can thus be denervated surgically by culling 
the sytnpailietic trunk below the third thoracic gangbnn, severing the rami com- 
munienntes connected with the second and third ihoracic ganglia, snd cutting 
(iniradurally) the anterior roots of [he aecond and third thonck spitiaS nerves. 
The white ramus to the first thoradc ganglinu is ntn cut, partly because It does not 
cort^'cy^ many vasomninritr sudoinolor fibres to the upper limb, but mainly because 
• ITiij i* the of Fireoch wnsiomUiTi. 
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U cnntainfv mtist of thi^ prE^^'an^lioniL- fibr<!s ivhkti pass up ih? sympalhecit: trunk 
to the siiperiur cervical from which pOslf^anglionJc branches pass to 

supply vasocoiisiricior ond sudomotor nerve* m the frtcc and tifchp secretory fibres 
to the salivary' glands ^ the [>ilatator pup iliac muscle and the idVoluintury muscle in 
the upper eyelid. Dcstmirtion of ihi^ Cleric ^ciuld result in con.*itriCtiDrfc nf the 
pupil, drooping of the upper eyelid (ptosis^ and absence tif sweating on the Tace 
Sind neck (Homer's syndroine). 

7 'he preganglionic fibres for the head and neck leave the spinal cord thnsiigh 
the upper five ih<iracic nerves (mainly the upper three): they paaa up the syiti- 
pathetic tnink to about cells in the cervical ganglia, whence postganglionic 

fibres pit??: to be distributed as indicated above. 

7’he pleKUft around the lubclavian artery', derived from the stellate ganglion 
and ansa subekvia^ does not extend beyond the fir*t part of the axillary artery. 
Beyond this, the blood vessels uf the upper limb receive thvir sympatheHc nerv'e 
supply by meoTLs of branches from the brachial plexus through nerxes adjacent to 
iJie arteries, e.g. I he median nerve supplies branches to the brachial artery and 
palmar arches, ilie ulnar nerve supplies the tilnar artery and paUnar arches and ilic 
radial nerve supplies the radial artery. 

The first and s™ind (and sometimes the third) intercostal nerves arc sometimes 
connected Itigetber in front of the nechs of the ribs by filaments which contain 
ptstgangliunic fibres derived from the grey rami associated %vitli these nen’es ■ 
these fibres provide another pathway by which postganglionic nerves from the upper 
thoracic ganglia may pass to the brachial pJcxua.* 

Tjie I’nnRAcK’ Paht t>K rm Syms^atiiio-K’ SvsTKxt (figs, 9^5* 997) 

The thoracic part of each sympathclk trunk comams a series of ganglia, 
which usually corTespcjnd to numt^r to that of the thoracic spinal neixTs ; but, as 
the first may be fused with the iniVriar cervical ganglion and the last may be fused 
with the firat lumbar ganglion, and two or more of the others may coalesce, their 
number is ^'ariablc. The thomcic ganglia, with the exception of the lost two or 
three, re^t against the heads of the ribs, and arc covered by the costal pfceuin : the 
last twn or three are placed on the sides of the bcHliea of the corresponding vertehrar. 
InferiiirlVn the thoracic aympathciic trunk passes Isenepth the medial arcuate 
ligament (or it may pierce the crus of ihe diaphragm) to become continuous with 
the lumbar sympathetic trunk. 7 'he ganglia are small, and of a greyish colour^ 
and are connected together by the intcn'etnng portions of the trunk. The first h 
larger than the ntlicrs, and of an elongated form ; it is fret|uctitly blended wiili the 
inferior cex^'ical ganglion. 

Two rami commonicantes, a w hite and a grey, connect each ganglion with hs 
corresponding spinal nerve, the white ramus j^^ining the spinal nerve firther 
liistallv than the grey ramus (figs- 993i 994)- Sometimes a grey and white ramus 
may be fused to fonti 3 single * mixed ' rainu^. 

The mfdial hranthts/rtm upper fiv<e gangli^ are vciy small; they supply fila¬ 
ments to the thoracic aorta and its branches. On the aorta they form a delicate plexus 
(plexus mriicus tfioraiulu) together with filaments from the greater aplanehnic nerve. 
Twigs from the second, third, and fourth ganglia enter the pH>stcrior pulmonary 
plexus; others, from the second^ third, fourth and fifth ganglia^ to the deep 
cardiac plexu,‘i.f Sniail branches from these pulmonary and cardiac nerves pass 
to the QiSJjphrtgus and trachea. 

TTe medial brashes from the /pTcrr teven ganglia are lajge^ and white in colour ; 
they distribute filaments to the storta, and unite to form tlie greater, the lesser an<l 
the lowest splanchnic neivcs. 

The greater spkneftnic nerre is of a conaidemble sizc^ and consists mainly of 
medulla ted, preganglionic and vbceraJ afferent fibres 3 it is formed by branches 
from the fifth to the ninth or tenth thoracic ganglia^ but the fibres in the higher 
branches may l>e traced upwards in the sympathetic trunk ;is far as the fim or 
second thoracic ganglion. It descends obliquely on the bodies of the ^cnebne^ 
perforates the crus of the diaphragm, and ends mainly in the cccliac ^ngHon^ but 
part IV in the oorticorenal ganglion and the stuprarcnal gland, A pnglioii [ganglion 

* A. KunU, The auicnr^mtc nen'^uj lyitvnu Itaidiire, TintJalt md Cos ; l>iimilc»n, tH>47. 

t IdneftCii. D,. and Endchcscii, yi., 2fitsrJtr.f. AmiL unj ly, 1 ^ 5 , 
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TIm? liioncic pftrt of the t^titpethcdc system of th€ left ilde. (Drrwn 
from a diKseciidii hy the laic Dr- G. O. ChintKU.) 
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^phnchnimtn] tsisls on this ncnc opposite ihc dcvcntli ortWL'lfih tbiracic vcrithiH- 

Tht kjsfrspiam:hnK nerv£ is formed by filumchts from the ninth and tcnlbp somt- 
timts the tenth and eleventh, thoracic ganglia^ and from the trunk between 
the pnglia. h pieretja the diaphragm with the pTceeding nerve, and joins the 
4 orticorciial ganglion. 

The rpliiTithmc neirr (or rit>m tile lust thoracic ganglicjn. 

k gains tlie abdomen with the sympathetic trunk, and ends in the renal plexus. 

'I’he Lumoar PAiirr ok tiiJ-t Sympat>ietic Sy^m (ftgs. 997, 998) 

The tumbar part of each sympathclk trunk is situated in the cxtntperiioncaL 
conncciive tissue in front of the vertebral column^ along the medial margin of the 
Pi^fias major. It consists usually of four liimbur ganglia^ connected together by 
the intenxning portions of the trunk. It is entuinuous above with the thoradc 
portion, deep to the incdlaJ arcuate ligament; Ivelow w^iih the pelvic portion, 
behind the common iliac artery. 

*rhc first and second, and sometimes the third, lumbar nenes send ivhitt rainf 
to tJie corresponding ganglia. 

Grey r^iuf commuftitunies pass fiora all the ganglia to the lumbar spinal nervis. 
These rami are of considerable length and accompany the lumbar arteries round 
the sides of the bodies of the verlehTae, deep to the fibrous arches that give urigin 
to the Psoas major. 

l.umbar splaftchrtic nerm. Generallv four visceral nenes pass from the ganglia 
to join the cculiae, intemiescnteric (ahdondna! aortic) and superior h)T3ogafltric 
plexuses, 'rile first lumbar splanchnic nerve ariscss from the first ganglion and 
joins the cttliac, teiial and intermesentenc plexuses. The second nerve arises from 
the second (and sometimes also the third) ganglion and joins the lower part of the 
intermesenteric plexus. I'hc third nerve arises from the third or fourth ganglion 
iind passes in front of ihc common iliac vessels to join the superior hvpogastric 
plexus. The fourtii ncnc arises from the lowest ganglion and passes behind the 
common iliac vessels lo join the lower part of the siiperitir hy|Xigiistri.c plexus or 
the hvT>agB5tric nen^e. 

I'f^rru/frr bmttehes. Branches from all the lumbar ganglia pass to the inter¬ 
mesenteric (aortic) plexus. From the lower liimbar splanchnic ncreesn fibres pass 
10 the common iliac arteries around which they form a plc.xus which h continued 
along the internal iliac artery and around the external iliac artcr)', in the latter case 
as far :i 3 the proximal part of the femora! arteiy. Many of ihc postganglionic fibres 
in the grey nrnii connecting the lumbar g[mglia to the lumbar spinal nerves travel 
in the femoral neo'c^ and thcuoc in Its muscular, cutaneous and saphenous brunches, 
to ciipptv vasoconstrictor Ticrv'cs lo the femoral artery and its hranehes in the thigh, 
fit her post ganglionic fibres travel in the obturator nerv'e to the obturator artery. 

The P^vic Part of tiik Sympathetic Syst^ (fig. 99S) 

The pelvic pari of cadi sympathetic trunk is situated in the retroperitoneal 
tissue in front of the sacrum, medial to, or overlapping, the anterior sserul foramina. 
It comprises four or five small sacral ganglia^ connected by the intervening portions 
of the trunk. It is continuous above with the lumbar parr, while below, the two 
pelvic sympathetic trunks converge, and unite on the front of the caccyi in a ^mall 
ganglion, which is nrimcd the ganj^fion iffTpur. 

Grey rami eomuifiiiseaiites pass from the ganglia to the Siicral anti cocevgeal 
ncn^cs. No while rami communicantes pass to this part of the sympathetic trunk. 

The mediai hrunehes of distnbiiimn communicate on the front of the sacrum with 
the corresponding branches from the opposite side ; twigs from the first two ganglia 
join the inferior hypogastric plexus (pelvic plexus) or the hypogastric nerv'c, and 
others form a plexus on the median sacral artery. Filaments arc distributed to the 
glomus coccygeum from the loop uniting the two trunks. 

r'ujfffJfir brtmdier. Through the grey rami tnony post ganglion ie fibres paas to 
ihe roots of the sacral plexus, particularly those forming ihc tibia I nerve, to he 
conveyed to the popliteal artery and its branches in the leg and foot. Others arc 
conveyed by the internal pudendal and superior and inferior gluteal nenes to the 
accompanying arlerics- 

The preg^inglionic fibres concerned with supplying the lower limb arc derived 
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from the lower three thonicic and upper tivo or three lumbar segniirnts of ihc spinal 
cord. They reach the lower ihorocic and upper lumbar ftanglia through the while 
rami and some pass down the sympathetic trunk to synapse about cells in the 
lumbar gangliap whence postganglionic fibres pass to the femoral ticr^'c to be 
distributed to ihe femoral artery and its branches in the ihighp whereas others pass 
down the Sympathetic trunk to synapse about cells in the upper two or three sacral 
ganglia, whence postganglionic fibres pass to the tibid nerv'^e to supply the popht^l 
artery and its branches in the leg and foot. Sympathetic denervation of the vessels 
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of the lower limb can thus be produced by removijig the upper three lumbar ganglia 
and the interv ening parts of the aympaiJietic trunk, all the pregariglitmic fibres to 
the lower limb ihiis being divided^ 


THE GREAT PLEXUSES OP THE SYMPATHE 7 ' 1 C 

The ffTcat plexuses of the sympathetic are aggregations of nerves and ganglia, 
situated in the thoracic* abdominal and pelvic ca%ides, and named the cardiac, 
cccliac and h^'pogastric plexuses. From the plexuses branches are given lo the 
ihoradc, abdominal and pelvic viscera. 


Ttm Caiiojac PLtxcs (figs. 995, 997) 

The cardiac pkxus ia situated at the base of the heart, and b dhidcd into a 
fuperfinaf and a Jrfp fmrt, which ate, however, closely connmed- Several small 
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ganglta arc fnund in tkt? pk-Mui, the l^rgc^t anti mtiai cx^nAiant being the cardtui^ 
Jc^^''^ibcd beluw. 

The superfleial part of the cardiac pleicus lies below the arch of the aorta, in 
front of the right pulmonan^ artery. It is formed by the cardiac branch ofthc aupeiior 
cervical ganglion of the left s^^npathctic trunk, and the Jower of the two cervical 
cardiac branches of the Jcfl vagus. A small ganglion, termed the fardinc gun^fwn. Is 
usually pre^nt in ibis plexus, and is situated immeEjiately beknv the arch of the 
aorta^ on the right side of the ligatnentum aileriosum. ‘I'hc sii|H:rlicial part of the 
cardiac plexus gives hrandTCS {u} to the deep pan of the plexus ; (b) to the riglit 
coronary plexus ; and (f) to the left aiUtrior pulmonary plexus. 

The deep part of the cardiac plexua id situated in front of the bifurcation of the 
trachea^ above the point of division, of the puJitionaiy trunk, and behind tJie aortic 
arch. his formed by the car dkc nerves derived from the cerv seal and upper thoracic 
ganglia of the sympathetic trunk, and the cardiac branches of the vagus and recurrent 
laiyngeal nerves. The only cardiac nerves which do not join the deep part of the 
ca^iac plexus are those which pass to the superhdal part of the plexus. 

The branches from the right Aa//of the deep part of the cardiac pkxus pass, some 
in front of, and others behind, the right pulmonary artery^; the former, the more 
numeiouSp transmit a few filaments to the right anterior pulmonary plexuSi and are 
then continued onwards to form part of the right coroiuuy" plexus; those behind 
the pulmonary artery dbtributc a few fikments to the right atrium, and are then 
continued onwards to form part of the left coronary plexus- 

Thc ieft half of the deep part of the cardiac plexus is connected with the super¬ 
ficial part of the plexus, and gives ftlamcnis to the left atrium^ and to the left anterior 
pulmonary plexus, and is then continued to form the greater port of the left coronary 
plexus. 

The left coronary plexus i* larger than the right, and accompani-^ the left 
coTonan' artery ; it is formed cJiieAy by filaments prolonged friim the left half of the 
deep part of the cardiac plexus, and by a few from the right half. It gives bfanchts 
to the left atrium and vcntricle^ 

The right coronary plexus is formed partly from the supetiiciaJ and portly 
from the deep parts of the cardiac plexus. It accompanies the right coronary artcrj', 
and gives branches to the right atrium and ventricle. 

All the cardiac branches of the vagus and the sympathetic contain both atferent 
and efferent fibres^ except the cardiac branch of the superior cci^icaJ sviti pathetic 
ganglion which contains clfcixmi (pcTStgonglionic) fibres only* 

I’he fffmnf (preganglionic) sympathetic fibres arise in the upper four or five 
thoracic segments nt the spinal cord ; they pass by white lami communicuntes to 
synapse about cells in the upper thnradc ganglia on the stTupatheiic trunk, though 
many travd up the trunk to synapse in the ccr^'ical ganglia. Krom the thoracic 
and cerv ical ganglia, postganglionic fibres emerge to form the aympathetic cardiac 
nerves, the lunctions of which arc acceleraiton of the heart and dilatation of the 
Cfimstary arteries. Tht^ fibres arising frtuti the uppermost thoracic segments of 
the cord are distributed lo the ascending aorta, the pulmoiuuy irunk and the 
ventricles, svhilc those from the lowermost segments supply the atria. 

'Fhe affrrmt pain fibres fojm the heart run in tjse cardkc branches of the middle 
and inferior centrical sympathetic ganglia and in the thoracic cardiac ncrv'cs to reach 
ihtir cclk of origin in the ganglia cm the posterior mots of the upper four nr five 
thoracicsptna! nerves. Xopain fibrcsruninihecardiac branchof the superior ccrviail 
sympathetic ganglion. In the surgical treatment of severe angina pectoris^ the 
inferior ccr^in^l and upper four nr five thotacic ganglia, or the upper four or five 
ganglia on the posterior roots of the thoracic spinal nerv es, air removed. Even after 
removal of these pain fibres, pain in some cases may still be fdt in the region of the 
angle of the jaw and a dull s^ns^2 of oppression may persist in the chest behind 
the upper part of the sicmum ; it is Iwlievcd that tile alTerent fibres Involved in 
th^sc cases travel in the ^agus. 

The rfffTfnt parasympathetic fibres are derived fri>m the dorsal nucleus of the 
vagus and frcim cells near the nucleus amhiguua, and run in the cardiac branches 
of the vagua 10 i^ynap:^ about cells in the cardiac plexuses and in the walls of the 
atria. These vagal ncr\ ps arc concerned with slowing of the bean and w iih con¬ 
striction of the coronary arteries (sec also p. taoo)^ In man (and most mammals) 
the intrinsic cardiac nert c cclk arc limited to the atria and the intenitrial septum \ 
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ih^y arc mosE numerous in the subcpfcardiu! ccmnc€iivc tissLic and near tht si&u- 
atrilU and altiovcniritubr nudes. 

'rhe aj[fmnl parasyinpiaihctie fibres run in the cardiac branE±es nf the vagtus to 
their ctllfi of origin in the inferior ganglion of the %-agus. These nervea arc con¬ 
cerned with reflexes depressing cardiac activity, lu some anim;il3 (c.g. rabbit) a 
separate dq>ressfjr cardiac oerv'e Is prcscni sis a branch of the vagus or of the 
superior laiinf^al nene. In man, tl>e depr^sor fibres do not form a sepante 
nerve but run in branches of tire superior or internal laryngeal nerve which join, 
in a variable maimer, cardiac branches of the vagus or sympathetic. 

Ihc puJmomiry plexuses lie on the anterior and p^:asterior xispccts of the 
brunchial and %".rscuLjr struenures in the roots of the lungs, the anterior pulmonary' 
plexus being much smaller than the posterior, 'llie plexuses are formed by branches 
from the vagus and I he sympathetiCp and both (parasympathetic and syinpathctic) 
contain efferent and alfcrent fibres. The efferent paras>'mp3thctic fibres arise from 
the dorsal nucictw of the vagus, w hile the aficnmi fibres have their cells of origin 
in the inferior vaRa] ganglion. The efferent sympathetic fibres are postganglionic 
branches of the second to the fifth thoradc on The sjmpathctjc trunk, while 

the afferent fibres have their cells nf origin in the gaitglia on the posterior nxjts of 
the semnd To the fifth ihor^-ic spinal nerves. 

The anterior pulmonary' plexus is formed by branches from the vagus and fmm 
the deep Cardiac plexus, the left anterior plexus receiving additiomd fibres from the 
superficial cardiac plexug^ The posterior pulmonary plexus is formed by branches 
i‘rom die vagus, from the deep cardiac plexus and from the second to the fifth 
thoracic sympathetic the left posterior plexus receiving additioml branches 

from the left recurrent kryngcaJ nerve* 

From the plexuses, nerves into the lung around the branches of the bronchi 
and pulmonary arteries, cKtendmg os far as the visotml pleura. On these nerves, 
near the roots of the lun^, there art minute cDfiections of nerve cells about which 
the efferent preganglinnic vagal fibres synapse. The elTcrcnt vagal fibres are 
bronchoeonstrictor, secretomotor to the mucous bronchial glands and vasodilator 
in function, and the alTerenl vagal fibres are concerned in ihc cough-reflex and in 
the Hcring-Breucr reflex induced by sireiching of the lung in inapi ration. The 
efiereni sympathetic fibres are bronchodTiiltor and vasocemstrictor^ while the 
alfcrent fibres arc txmeemed with the ^nsory innervation uf the visceral plcuni and 
the aJt passages. 


The CtELiAc Plesv-s (figs. 995, 998) 

The ecEliac or solar plexus, the Lugosi of the three great sympathetic plexuses, 
is situated at the level of the last thoracic and the upf>er parr of the first lumbar 
vertebra, and is composed of a dense network of TitTvc-fibrcs which unite together 
iwo large ganglia, termed the cmliac ganglian It siurmunds the ctElbc artery and 
tfit root of the supcrifir mesenteric artery. It lies behind the stoi-uach and the 
omcntnl bursa, jn front of the crura of the diaphragm and the conimeneement of the 
abdominal anrui, and between the suprarenal glands, I'hc plexus and the ganglia 
receive the greater and leaser splanchnic nerves of both sides and some filaments 
from the vagus and phrenic nerves, and give olT numerous secondary plexuses along 
the neighbouring anerifjs. 

The iiFiM gtfwi/fh are two large iiregulaTly shaped masses, not unlike lymph 
TMidcs in appearaficc, placed, one on each side of the median pkne, between the 
supmreiml gknd and the ori^n of the cctlkc artery , and in front of the cruni uf 
I he diaphragm, that on the right side being pkeed behind the inferior vena cava 
and tliiii of the left side behind the splenic vessels. The upper pari of each ganglion 
Is jDined by the greater aphmehnie nerve, while the lower part, w^hich is more or 
less dctflched and is named the aorheorma! gofiglion, receives the Ic^r splanchnic 
nerve and gives off the greater part of the renal plexus. 

*nic accondaTV plexuses springing from or connected with the ccclkc plexus are 
the fotlow^ing ; 

Phrenic- Splen ic* Suprarenal^ T csticular (or o\'arian)» 

Hepatic, Left gastric* Renal. Superior mesenteric* 

Abdominal ai>rttc. tn/erior mesenteric; 
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I'he phrenic plexus accorhpanics the corresponding phrenic artery to the dia¬ 
phragm, some Kkmrnts pacing lu the suprarenal gland, li arises from the upper 
part of the creliac ganglion p and Is larger on the right than on the left side. It 
receives one or two branches from the phrenic nerve. At the point of junctioo of 
the right phrenic ptexua with t!ie phrenic nerve there is a aniall ganglion {phrettk 
g&nghiin)^ This plexos dJstrihviies some branches to the- inferior vena cava^ and to 
the suprarenal and hepatic plexuses. 

The hepatic plexus is the largesi offset fmm the cu^liac plexua ; it al'^j receivi^ 
filamcntB from the left and right v-agufl and right phrenic nerv'es. It accompBniE!s 
the hepatic artery and portal vein and dicir hranches into the llver^ and in the liver 
the nerves ate conined to die viciniEy of the blood vcsscla. branches from the 
plexus accompany all the branches ot the hepatic artery. Those passing to the 
pll bladder form a scanty cystic plexus; branches also pass to the bile ducts. 
The branches atcompajiying the right gastric artery supply the pylorus. A con¬ 
siderable plexus accompanies the gissir^uodenal artery and its branches. Fmm 
this plexus branches pass to tlse pylorus and first parfof the duodenunv Many 
of the nen’es p^ with the right gastru'cpiploic artery 10 supply the right part of 
the stomach and the greater curvature. Oihcrs pass with ihc superior panereaiico- 
duodenal arterv" and supply the second part of the duf^denutn^ head of the pancreas 
and the lower part of the bile duct, I'he hepatic plexus eon tains both aHerent and 
efferent sympathetic and parasympathetic tibres, and (t is l>elieved that the vagal 
constituents arc nnHor to ihe mnseulftturc of the gall bladder and bile diict$ and 
mliibitory to the aphincEer of the bile duct. 

rhe left gastric plexus accompanies the left gastric artery^ along the lesser 
curv*atum of the stumRch^ and Joins with the gastric branches of the vagus nerves. 
The gastric sympathetic nen^es aE^ motor to the pyloric sphincter hut inhibitorv to 
the muscular coats of the stomach. 

The splenic plexus is formed by brancltcs from the creliac plexus^ left cttltac 
gaEiglion and right vagus nerve. It accompanies the spleotc artery' to the spleen, 
giving ofF| in [ts course^ subsidiary plexuses along the various branches of the 
artery'. The terminal bnuKhes supply the ujisiripcd muicic of the splenic capsule 
and trabecuke. 

The suprarenal plexus is formed by branches from the creliac ganglion ^ 
creliuc plexus and the greater splanchnic ncrv'c. Rebtive to its sistc, the suprarenal 
gbnd has a Diore profuse nerve supply than any other organ. The nervr^ arc 
mainly mcdullaicdp and are prfganghofiit * ifi nature, being distributed Lo the 
medulla fif the gland and ending al>iut the chromatlin cells (phieocluoniDcyteg), 
vvhich arc homologous with postganglionic sympathetic neurons (see Embryology 
Section, p, i+S)- nerves are uninalullated, poatganglionic tlhrea and Are 

distributed to tne cortical branches of tlic suprarenal artery. 

The renal plexus is a rich plexus fomitil by hbincnts from the coeliac ganglion^ 
creliac plexus^ aoiiicorenal ganglion^ bwcsi thoracic splanchnic iiervc+ first lumbar 
splanchnic nerv'c and ttic aortic plexus, Stnall coElmions of nerve cells arc found 
in the plexus, the largest usually lying behind the commencement of tEac renal 
artery. Tile plexus is continued into the kidney yround the branches of the renal 
artery' to f^pply the vessels and the reiml glotncnili and tubules, particularly the 
tubuics in the cortex of the kidney. For tht-' main part the rtmal nerv'cs are vaso- 
Tiiutor in function. From the renal plexus branctres are given to the ureteric and 
the testicular for ovarian) plexuses. The upper part of the ureter receives its ncrv'c 
supply by branches from the renal and aortic plesii^^ the middle part by branches 
from the superior hypogastric plexus and the h>TK^*istric nerv*^, and the lawcr part 
by brandies from the hypogastric nerve and the inferior liypogastric plexus. 

Hie testicular plexus accompanies the testicular artery 10 thr: icstta. Its 
upper pan is formed by branches from the renal and aonic plexuses. Lower down 
the plexus is reinforced by branches from tlie supericir and inferior hypogastric 
plexuses. Branches from the plexus pass to the epididymis and the ductus deferens- 
'i*he ovairisui plexus accompanies the ovarian artery and is distributed to the 
ovary' and uterine tube. 'JTie upper part of the pk-xus is formed by branches from 
the renal and aortic plexuses; lower down it is reinforced by branches from the 
Superior and inferior hy-pogastric plexuses^ 

'fhe nerves in the testicular^ or ovarian^ plexus^ contain efferent and afferent 
■T, fl. Elhoct^ jf. Phyii^.y 46, 1913 ; J, Z. ywJnii, J. /laal.. 73^ [939, 
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sympathcnc fibres; ilic eRcrtal fibrt& arc \^molor in naiure and ar^ derived 
from the tenth and thoiniidc segments af the spinal cord ; the arffeirnt 

(pain) fibres have their cells of origin in ihc ganglia on the positriot- roots of the 
tenth and eleventh tharaeic spinal ncrvis, The parsaympiiielic fibra derived 
from The inferior hypogastric plexuses arc probably VASodUaior in nature. 

The superior fnesentetic plexus is a continuatton of the louver part of 
coriiac plexusp and receives a bmneh from the junction of the right v^gus nerve with 
the latter plexus. It surrounds the superior mesemcric artery, accompanies it into 
the nicsenter>*p ^nd divides into a number of secondary plexuses which are distributed 
to the parts supplied by the artetyj viz. pancreatic branches to the pancreas ; 
jejunal and ileal branches to the small intestine; ilcocolicp right cohCp and mid^e 
colic branches, which supply the corresponding parts of the large intestine. The 
sitf^erwr mmnitrk ^ungiion is situated in the upper part of the plexus, usually close 
shove ilie origin of the superior mesenteric artery. 

The sympathetic nerves to the intestine arc motor to the ileocaecal i^hincter but 
inhibitory to the muscuJarcoataof the guL In addition, they convey vasoconstrictor 
fibres. 

The abdominal aortic plexus ^intomKsentefic plexua) ia formed by branches 
from the cielLac plexus and gangliup and receives filaments front die first and second 
lumbar splanchnic nerves. It is situated upon the sides and front of the aorta, 
between the origins of the superior and inferior mesenteric arteries. It » not a 
dense plexus but consists of tour to twelve nervea {intcrmcsctitcric ucrv«) con¬ 
nected by obliquely arranged branches. It is condnuaua above with the cccibc 
plexus and the ctcliac and aorticorcnol ganglia, and below with the superior hy^- 
gastric plexus. From this plexus parts of the testicular^ the inferior me^nteriJCi 
the ibac and the superior h^yiogastric plexuses arisen it also distributes hlameniB 
10 the infcTior vena cava. 

'i'hc inferior fucsentertc plexus is derived cbJcAy from the aortic plexus, but 

Km. 99^.—AutonoiTiJc nctm and pt^usci in ibr sbdomen mmJ pclvim, (Afrer 

G. A- G. Mitchelh AfMit&rtty of iii^Auim&mk Niticbu SyttiTtt, by ihc couniny of the 

aulhar and the r^ubhihera.) 
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also reccLv^ bnmchca fmin the «cood and third lumbar splandink nmes. It 
aurmuiids tJte infenor nwsentcnc aiterj- and is dlstribuiwJ dong it» branches : thiw 
^l.ft »l.c pfcxu. 5 „ppli« Irft p.n «( Ih. uun.ver» .Sop, the SpS 
^on and^gmoid coku, and the superior rectal plexus supplies the rectum. jli« 
» ilr infwior m^nicric srtetr, a ganglion (the mj^ior 

mneHtfnigaitg^) inay sometimes be found, but more often small discrete gmglia 
^ '7'^* cominericemctit of the artery in the pmximal part of the 
( he colic sj^patheuc nerves an; inhibitorj' to the muscular coat* of the 
^r. ^I'e parasympathetic pelvic splanchnic nemsa 

Z, h>;pogastric and the inferior mewnieric 

plexuses to supply the large mtesirae from the left part of the transverac colon down 

tlJZrT PP’ ™p"l«s along these nerve* cause 

contraction of the musculature of the gut. 


Tug SufERlOH HypOGA^fRIC PUiXUS (figs. 908. 999, lOQo) 

abdmniii*iV^nrt^*^t^^^r**^"*^ Situated in front of the bifurcation of the 

I. u ’ "nimon ibac v«n, the median sacral ves«fe, the body 

of tile last lumbar vertebra and the promontory of the sacrum, and between the two 

£ .fc^ » HID numblc a nipic nt\t ntd mprt. 

cr tfic pitxus M prelumbar rathur than priiisajcnil in portion. It liet in tlic extra- 
cntincctj VC tissue, and the parietal peritoneum can easily he stripped nfT 
of its unnJi-ffi ^ plesua varies in breadth and in the degree of condensation 

fmore of •median plane 

lunerior m * 1®^* ; the root of the sigmoid mesocolon, containing the 

^ !*“■* Scattered 

ficme cells arc round in thi; pkxus. 


^ PjniDn of The sympmhoTic system, viewed fnjtn in from 

thfl riRhl iicff!, ■ I«j^c portion o| Ihe ri^t hjpbcmc hflvinjT been 
r .^1 I if hnsoffastne pk-xua b to divide below into the 

[hr JJkl. I noi IflbcSlod^ which run dWTi tn 

me MIVK pEeXuan Onrenor h%Wtta»mc ptexunc “ 
by tbr Lite Dr. G. D. ChiLontll!) 
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Above, plexus is formed by the union of branches from die aortic DtcKua 
with the third and fourth lumbar splanchnic nen es. Below, the plexus dkides 
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Into the rijfht Icfi ncr^'ias ^vhkh descend to the inferior liypog^lric 

jdesas* snperiur hypoffasiric plexus gives off branchc? to the urelcric and 

tcslitukr [or ovnrian) and to iht plexus on the comEtion iliac arteries. In 

addiikn to the spnpaihctic librcs uhich descend to form the superior hypogastric 
plexus, the plexus ntay contain parasympathetic fibres [from (he pelvic splanehnk 
nerves) which ascend froTn die inferior hvfmgastric plexus, (hough usually these 
parasympathetic fibres run up to the left of the superior hypogastric plexus and 
acru^ the sigmoid vessels and the branches of the left oolic vessels, 1 hese para¬ 
sympathetic fibres are distributed partly along the branches of the inferior mesen- 
leric artery^ but also m independent retroperiioneal nerves^ lo supply the left part 
of the transverse cobn^ the left colic (kxure, the dcsccndijig colon and the sigmoid 
ttdon (sec pp, isoo, 1+48 and fig. 999)- 


'Fiee Infi-huih livpocAsrwic {oh Fiu.vic) (fig. looo) 

The superior hypogastric plexus divides below into the right and left hypo- 
^iistnc rtfrvfs, which nm down in ihc cxtrapcritoneiil connect! \'c tissue into the 
pelvis, medial to the inicmal iliac artccy and its bonches, to join the inferior hv^w- 
gastric plexus, liach nerve may be singk or may form an elongated narrow pkxus 
o>tssisti!ig of two or three longitudinal nerves connected by anastomosing filaments- 
From ea^ hypogastric nerve branches may pass to the testicular (or (ovarian) 
plexus, the un:teric plexus^ the plcixusun the inicmal iJisc artery and to the sigmoid 
Cl linn, and each nerve may be joined near its commencement by tlic lowest lumhar 
splanchnic nerven 

Lach inferior hypogastrfe (nr pelvic) plexus in the male is situated on the 
side af the fcclum, seminal vcsklc, prostate and the posterior part of the urinary 
bladder; in the female, each plexus is placed on the side of (he rectum, uterine 
cervix, vaginal foniix and posterior part of the urinary bladder, and extends into 
the base of the broad ligament of the uterus^ ‘rive plexuses lie in the extra peritoneal 
connective tissue and contain numerous small ganglia, fiacb plexus Is formed by 
the hypogastric nerve, which convc)-® most of the sympathetic fibres to the plexus^ 
and by branches from the ganglia on the sacral part of the sympatheric tninh 
(usually the second and third ganglia^ which convey only a few fibres to the plexus ; 
the pfli^-mpathetk fibres in the plexus are derived from the pelvic splanchnic 
nerves. The preganglionic efferent sympathetic fibres originate in the h>wer three 
thoracic and upper tw'o lumbar segments of the spinal cord ; some of these relay 
in the ganglia on the lumbar and sacral parts of ihc syinpaihctic trunks while others 
sf^napse about cells m the lower part uf the aiirtic plexus and in the superior and 
inferior hypogastric plexuses. The preganglionic parassmipathetic fibres originate 
in the second, third, and fourth sacml segments of 1 he spinal curd, reach the plexus 
in (he pelvic gplanchnic ncrv^cs and syniipse about cclb in the plexus nr in the walls 
of the viscera supplied by the branches of the plexus. The afferent sympathetic 
and pamsympathGtic fibres have their cells of origin in the ganglia on the posterior 
TootH of I he lower thoracic, upper iumbar and upper sacral nerv'es* From the 
plexus mimeruus branches are distrihuted to the pelvic (and some ahdoivtmal) 
visoent, either directly or by accompanying the branches of the internal iliac artcr)'. 

The middle rectal plexus arises from the upper p^rt of the inferior hypo¬ 
gastric plexus; the fibre* pass to the nccium either directly Ur along the middle 
rectal artery. The plexus communicaiKS above w iih branches of the superior rectal 
pkxua and ext e nds inferiorly as far as the in(c maJ ana! isp hincltr. The nerve sup ply 
of tlie rectum and ;ina3 canal is derived from (ii) the superior rectal plexus (p. 1219)^ 
(i^) ihe middle rectal plexus and [c) the inferinr rectal {hacmorrhuiual) nerves which 
arc brantJiia of the pudendal ncn. c (p. ! 190). The efferent sympathetic fibres in 
the rectal plexuses tue conecnied w jth inliibiiion of the expulsive musculature and 
contraction itf (he sphincier. Afferent pain impulses pass along both the sym¬ 
pathetic and paraaj'mpathctic Jicn'es^ but the parjisympathetic afferent and efferent 
fibres arc more important in ihe normal prticess of defaecation. The inferior rectal 
nerve# supply motor fibre* to tlic extemai anal sphincter and sensory^ (somatic) 
fibre# to the lower (ccirulemul) part of the anal canal (p. 1445). 

The vLTiical piext^ ariftcs iram die anterior part of the inferior hypogastric 
plexus. If is munpracd of numcrouA nerves which accompany the vesical arteries 
(Q the bladder. Branches from the plexus pass to the seminal vcsjeles and deferent 
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(lurts. Many small collections of nerie cells are preseni among the nene fibres in 
th^r muficular AvaU of the hlfidJcr. The sytnpaiiheiic pre|;Qnj7|bojc etFcrrnt fibres in 
the plexus arise from the lower two thoiack and upper rvi'u lumbar segments of the 
spinal cord; the cells abotil which they synapse arc probably scattered in the 
supenur and inferior hypogastrie plexuses and in the tvj!] of tiic bladder. The 
parasympathetic preganglionic efferent fihrcs arise from the second, third and 
foureh sacral segments of the spinal cord and synapw about celts near to or in the 
wall of the bladder. Sensory fibres pass from the bladder in both parasympatlieiic 
and sympathetic nerves. Pain fibres pass in the pelvic splanchnic nen-cs to their 
Cells of origin in the gangiia on the posterior roots of the upper sacral nerves, and 
also in tlie hypt^asiric ncr\'es, siipcnnr hypugsstric plexus and lumbar splanchnic 
ncr%'cs to reach their celts of origin in the ganglia on the posterior roots of the lower 
liioraeic and upper lumbar nerves. Sensations aroused by distention arc mediated 
by the afferent sympathetic nerves. The effcoent parasvnipathetic nerves convey 
motor fibres to the muscular costs of the bladder and inhibitory fibres to the 
sphincter. I’he efferent sympatlietic nerves convey motor fibres tu the sphincter 
and inhibitory' fibres to the muscukr coats, tliough some obscrvcre maiitiain that 
the sympathetic fibres are mainly va,<ajmoior in function and that filling and empty¬ 
ing of the bladder are normally controlled cxcl mi I'ely by the pantsympathetie nerv^. 

The prostatio plexus arises from the lower part of tlie inferior hypogastric 
plexus and is composed of relatively large nerves which enter the base and sides of 
the prostate and roiUain eullections of nerve cells, ^ITic nerves are distributed to 
the prostate, seminal vesicles, prostatic urethra, ejaculatory duets, carptira caver¬ 
nosa, corpus spongiosum, membranous and penile parts of the urethra and the 
bulbn-tircihral glands. 'ITic nerves supplying the corpora cayemoss form two sets 
of nerves, the leaser and the greater cavernaus nerves of the penis; these arise 
from the front part of the prostatic plexus, join with branches from the pudenda] 
nerxe and tlien p^ forwards below the pubic arch. Thu filaments of the Inset 
e^mmt ner^t pierce the fibrous covering of the penis near its root and supply 
the erectile tissue of the Corpus spongiosum and the penile urethra, 't'he 
eavmtfitiS ftervet mn forwards on ilw dorsum of the penis, coinmtinicate with the 
do real nerve of the penis and are distributed to the erectile tissue; some of the 
filamenis pass to the erectile Tissue of the corpus spongiosum. The sympathetic 
nerves supplying the nrnlc gciiiial organs produce vasoconstriction white the para- 
sympathetic prcKlutzi: vaArvdLLai^tiofl. 

I’hi': ^Kminal are suppliEM^ by nerves derived from the vtsical plc::cijfl, 

the prtistaiic plexus and the Ioia'cx part of the inferior hypogastric nerves. From 
l hesc nc filaments to the ejaeufator)^ ducis and to the ductus deferens. 1 1 is 

l^encrally believed tbai constrict ion of the seminal vesicles and seminal ejacuktiofi 
are bfOu§fhi about by the aympaihciic s^'stem, H'bich also produces inhihltion of 
the bladder musculature and contraction of its sphincter during ejacubtion thus 
prevenijug rctfex of the setnmal fluid into the bladder. Mitchell,* how-eve r, tiug- 
that eaniractinn of the semind vesicles is due to par;3s™pathetic impulses. 

The uterine nerves arise from the inferior hypofastric plexus, predominantJy 
from the pan of the plexus lying in the base of the broad ligainent and known as 
the utCTo-^^inal plexus. From the plexuses soine nerves pass down with the 
vaginal arteries w hile others pass directly in the cervix uteri, or upwards 

with or near the iiiertne anerics in the broad ligament. The nerves passing to thr 
cen'ix form a plexus in which small poraccn^itiil ganglia are found, one ganglion 
sometimes being large and called the Hfrririie firticai g<inglwn. The uterine nerve* 
passii^ upw'arde with the uterine arteries supply bmnehes la the body of the uteru* 
and, in the upper part of the broad ligament they supply branchiss to the uterine 
tul>e and communiewte with the tubal nerves fmm the inferior hypogastric plexus 
anti irVEib the nervc& of the ov'arian plexus. 'Hie bnmehea of the uterine ner\cs 
ramify in the inyomctrium and endometrium; most of these nert'e* aemmpimy 
the The ciTcrent prcgangLionic symparhctic fibres supplvii^ the uterus 

are deri^^cd from thr last thoracic and fim lumbar segments of the spinal cord ; 
rhe sites of the cells alwux which they are not Imow n. The preganglionic 

parasympathetic fibres arise in the second, third and fourth sacral segments of the 
cord and relay in the paracervical ganglia^ While activity of the sympathetic nervefi 

■ G. Ap Ci. ^(iEcheHp fjrf ihf .Vfrt»£Hn 1055. K. ami S, LLvinijr 

none, EJinbunth and Lcodoti, p. 307. 
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may ptoducc uttrint c<^nlraci-Li^n and vadDconatriciiurip and that of the para¬ 
sympathetic fttrves prt>di.ict uterine inhibitiDn and vasodilatation, the lesulte of the 
acti%atic3 of theae two sip'^tems ure eotnplicated by the pronounced hiintionaL control 
of uterine runctbtia. AlTerenl pain fibres from the cervix uteri pa^ by the para- 
sympathetic pelvic spbnehnie nerves to their cells of origin on the posterior roots 
of the upper nerves. Pain fibres from the body of the uterus pass in the 

sympathetic nerv^ts tbmugb the stipcrior hy^pogoettie plexus and the lumbar 
splanchnic nerves la the cells on the posterior roots of the loucst thoracic and 
uppier lumbar nerves. Thus surgLcal section of the superior hypogtistrie plexus is 
employed for the relief of painful mcnfstruaiion (dysiticnorrhma). 

The va^tnal nfrv^i arise from the lower parts of the inferior hypogastric and 
utcro-vagitml plexu^SK anti follow the it'aginal arteries and their branebes to l>e 
distributed to Uic walls uf the vagina, the erectile tissue of the vestibular bulbs and 
the clitoris (cavernous nerves uf the clitoris)^ the urethra and the greater vestibular 
glandSr The nerv'es contain numerous parasyinpathetic fibres which have a vaso- 
dibtor effect on the erectile tissue. 

Appltfii Anatnmy ,—Various parts of the syinpstlRtic nervous sy'Stem arc 
removed surgically in the treatment of a number of dinica! conditions. In opera¬ 
tions on the efferent side of the sympathetiCp ganglia on the sympaiheiic trunk are 
renioved^ or preganglionic fibres cut, rather tlum postganglionic fibres severed^ 
since the laitcr preK^ure may he followed by regenerslioii of the ner^’css. Fur 
example, the arteries of the limbs may be dtncrvaled tn conditions of vascular 
spasm (Raynaud's disease) or in organic arterial dlse^ where spasm is also prtsent 5 
the parta of The system removed ore described above (pp* isio, t 3 ii)- En the 
treatment of essential hyperLcnsiou, much more extensive sympathectomy is per¬ 
formed, involving hitateml removaj of the sympathetic trunks (from the eighth 
thoracic to the first lumbar ganglia) and the greater and lesser thoracic splanchnic 
nerves, 

SjTnpathcctamy is also performed for the relief of pain, for cxotnpk in cases 
of severe angina pectoris (see p. 1215). Division of the superior hypogastric plexus 
(prcsacrul neurectomy) does not completely relieve pain sissociated with disease of 
the pelvic organs, sincci as noted abuve^ many of the pain fibres pass in the pelvic 
splanchnic ncni^es. ITie pain fibres from the body of the uterus, however^ pass in 
the sytnpathctje nerves via the superior bypogosiric plexus, so that this operation 
ijg successful in coses of intractable painful menstruation (dysmenorrhma). 

In the male, resection of the superior hypogastric plexus is fdUoived by loss of 
the power of ejacuktioti and conse<iiijent sterility, owing to the interruption of the 
sympaLhctic pathway to the seminal vesicles^ deferent ducts and prostate. Know¬ 
ledge of the pathway's pursued by thijse nm’ts between the ganglia on the sym¬ 
pathetic trunk and the superior hypogastric plexus ts less exact and the pathways 
mav vary in different cases, but in certain individuals the outflow from the first 
lumbar, and ix^ssibly the twelfth thoracic, ganglion is of major importance while in 
others the fibres from the third lumbar ganglion arc of equal importance.* 

* J. Cr While, R. H. ^nithwiick and F. A-. SuneOEc, T^tr tiliiCnmnic luri'row ty^irm^ Thi-rfl 
edition, 195 Jh H, Rimptmi, London, p. J99. 


THE ORGANS OF THE SENSES AND 

TFIE SKIN 


T HI‘^ orgatis of the ntay be divided into fn) t}io3e of the s-peniaJ 

of tastCj ^ell^ flighty ind he^ng, and (A) those a^octated with the geneml 
Mnsations of touch, pressure* pan?, heai^ cotd and proprioception. The latUT 
have been dtseribed already {p, 


THE PEftlPHEFLVL ORGANS OF THE SPECIAL SENSES 


The OHOA^^ of Taste 




hmk 


Sfm* 
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The peripheral gusraidrj' orf^s, or DTj^miJt of taste, comprittcr ihc taite-lmdi 
(^Staton' talyoili), which arc composed of modified epithelial cells arranged in 
flask-sliaped groups (iig, looa) 

in the epithelium cot'cring the Fig. loe rSteiieti fJiununh u vstlatr pgpitbi. Stained 
tongue, the inferior surface of hmuiiosj^lin and eoiin. x e *5, (After 

the soft palate, the paUtO' 

glossal arches, the posterior M 

surface of (he epiglottis unJ a m 

the posterior wall of the oral & .t). ;S'. *.t'■f .‘'J* ?rM fffl 

ih. ph.,T,». m, B i:® i' 

numerous on the ill A'-.. uV-S.l- * Kl^ 

sides of the vaJlatc papillae of 
the tongue (fig, loqn}^ less so 
OD the lA'allsaurrounding these 
popiJla^; they are plenlirul 
over the folia linguEc and the 
posterior third of the tongue 
hut jre di«tribuceJ sparingly 
on ihe fungi form papilla of 
ihe tongue, the soft palate, 
epiglottis and pharynx. They 
are more numcroas in the 
infant than the aduh and 
theur atrophy increases ivith 
age; those on the extreme 
poatcrior pari of the tongue 
and on the epighiiiis disappear early in Life, 
dorsal region of the oral part of the tongue. 

Structure.-^^ch ta£te-biid ts Hask^dhaped (fig, ID02)* its broad base resting on 
the eoriujTi. and jta neck opening Ivetwecn the cells oi the epithelium by an orifice 
termed the porr. Ilic bud consist!i of supporting celb and gustatory cells. 

The iuppi>rting eelts are mostly arranged like the atavw of a cask^ and form a cfJm- 
pletc envelope for the bud. ^me* however, are found in the interior of the bud 
between the gustatory cells. The/juifafury rM occupy the central portion of the 
bud 1 they are spindle-shaped^ and «ich possesaes a large splicriotl nucleus near 
its centre. I'he pcripheml process of tiic cell ends at the gustatory pc>rc In a fine 
huir-Iikc filament, named the guilatfjry hair. 1*hc cent ml process passes towards 
the d^p part of the bud, and there ends in a single or brandied cxireniity. 
Tmnsitional cells, intermediate in type between the gusUitory' and Aupporting celb 
arc present, and may be concerned with replacing degenerating gustatory cells* 
Nerve-fihres from one of the gustatory ntr^-cs, after losing their meduUarv sheaths, 
enter the taste-hiid^ and end in fine fibrils between the gustatory ceflas their 


There arc no taste-buds in the mid- 
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pr«krnct is a constant and characlefiatic feature. Oihcr nerve-libriU md between 
the {rpitheliul □tills which surround the tasic-bud, but these are believed to be 
nerves uf ordiniir)' sensation aiid iwt gnstaton-. All lastc-builtf are similar morplm- 
JugieaUv, yei there are four distinct taste qualitieSp namely, bitter, sour (add)i 

sweet and salt. The tip of the toague 
Is most sensitive tn swwt and salt 
stimiili; the lateral margins to sour 
stimuli and the pharynge^ part of the 
longue to bitter stimuli; the mid-dotsal 
region is relaiivdy insensitive. FJavoura 
result frtiin the integration of gustatory 
and olfactory sdmuJi. Bamdl and 
lk>umc * studied the diairibution of 
enzymes (e.g. phosphatases, esterase]! 
in ihc regions of the taste-buds and 
conclude that the gustatory cells func¬ 
tion as a focueir^ point of a taste unit 
w^hich includes the neighbouring 
epithelium. They consider taste to be 
a series of patterns of nerve Lmpukea 
evoked by the differential inhibition 
or stimulation of enzym-cs or enzy^me systems in and around the tasie-buds^ caeh 
type of taste lieing represented by a specific pattern. 

of fftrre.—The ta&te ncrv^e-fibrcs are the peripheral processes (dendrites) 
of pseudcHiinipolar nen'e cells in the ganglion of ihc facial nerve* the tnferior 
ganglion of the glosaophary ngcal nerve and tJtc inferior ganglion of ihc vagus. 
ilxc central pmcesscs of diese cells (axons) form the 
tractus soiitarius (p, 954}, and from the nucleus of 
that tract fibres ascend through the hrain atem iit the 
dorso-medial part of the medial lemniscus to reach 
the infcno-mcdial part of the Literal nucleus of the 
thalamus (the arcuate nucleus) and probably the 
hypothalamus. From the thalamus they arc relayed 
to the lowermost part of the postcentral gyrus uf the 
ccrcbnil cortex p as well as to the region of the limen 
ineuin: (p, 1027). 

I’hc nerve of taste for the anterior two-thirds (oral 
part) of the turtle, excluding the vallaic pepilbt, is the 
choi^n tympani (through the lingual nerve); these 
taste fibi^ in most individuals pass in the chorda 
tympani to the ganglion of the Facial nerv'c. in a 
few individuals, these taste fibres leave the chorda 
tympani by anastomotic branches connecting it to the 
otic ganghon (p, 1119) and proceed thence in the 
greater petmsal nerve to the ganglion oF the Jadal 
ncn‘c.t Th^ tjasie-hudfl on the under surface of the 
soft palate are also supplied mainly by the facial nen'e, 
through the greater pctrc^sal ncr^^Cs the nerve of the 
pterygoid canal anti the palatine nen'es (p, rio6}; the 
glossopharyngeal also coniribiitrs tu their supply. The 
ts£tc-buds on (he vallate papilLe and the pharyngeal 
part of the tongu^^ and on the pabtoglossai arches and the oral part of the pharvnx 
are iimcnatcd by the ghJS&oplutryugcal* while those on the evireme back pact oAhe 
tongue and tm the q^iglotlta am supplied by the intcrml laryn^al part of the 
supH.*riur lai^mgeal branch of the vagus. 

I’liE OacAN OF Smell 

Tlic peripheral olfactory organ consists of the ejr/er#xa/ mjjp, and the nasal «hyj 
which is divided by a septum into right and left parts. 

• A. F, Uandi und H* Boume, .Vrt/Mrr, Litnd.t ^7^ 

t H. Schwaitjund WedddI, Urmn^ 4 t, 90. 1938, 


Fig. ii»3.-“Thc CArtilugH at 
ihu* fi^ht side of ih.c npfc. 
J aityccr. 



Fig. too2r —Section thnouah a ta^te-bud. 
Semi-diigramtnatk. m d^so. 
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'PHE NOSE 


I2SS 


TkeextcritaLnme 19 pyramidal in form, and its upper angle, or is cou- 
nected directly with the forehead ^ tt& free angle is termed the Its inferior 

aspect h perfaraicd by two elliptical aper¬ 
tures, termed the nam or nostriis, wdrtch oimTjige* of the note, 

are separated from each other by the septum.. a^peci. 

The lateral surfaces of the nose form^ by 
their union in the median pkne^ the i/arnmr 
noiif the shape and direction of which vary 
considerably in different individuals: the 
upper part of the extemaJ nose is supported 
by the nasal bones and the frontal processes 
of the maxilhe. The lateral surfaces end 
below in the rounded alit niitt\ 

I’he frajnework of the external nose 
(fig. tooj) is composed of banes and hyaHne 
cartilages. The bony frornffearky which sup¬ 
ports its upper part, consuls of the nasal 
bones, the frontal processes of the maxilts, 
and the nasal part of the frontal honc> TJw r^fr/i/^jVroju /rflmerwrJt oonsista of 
the septal cartilage, the upper and lower imssi caitibigeSt and the amaJl cartilages 
of the ala (figs. 1003-T 005)* These are connected with one another and with the 
bones by the continuity of the perichondrium and the pcnostcum. 

I'hc tfpfal (jxrtHnge (figs. 1004* ^005)^ somewhat quadritsTcral in form, and 




Ficl IIJ 05 .—The right of the $epiufn of the noae^ ihowinjf iia 
conEtituoist honet otid 
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thicker at its margifia than at its centrCp forms almost the w^hole of the septum 
between the anterior parts of the ruiftal cavity. The upper part of its antcro^ 
superior margin is connected to the posterior border of the intemasal suture; the 
middle part is continuous ^viili the uppcf nasal csrtilagfs: the lower part is attached 
to iheae cartdiigcs by the perichondrium. Its antero-inferior border is couficctcd 
on each side to the septal pjwess of the lower nm^ cartilage. Its posterosuperior 

j 
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border is joined to the perpendicular plate of the ethmoid bone, and its postcro- 
inferior border is attached lo the vomer and to the nasal crest of the moxiUje 
and the anterior nasal apioc. The cartUage of the scpiutn n^ay extend backwards 
(especiaUy in childrcdj as a narrow proccsSk lenncd the sphtnvidsil proceiSf for 
some dUtance between the vomer and the perpendicular plate of the ethmoid 
bone. The antero-inferior part of the nasal septum between the two noatnis is freely 
movablei and hence is named the teptum nasi ^ it is not formed by the 

cartilage of the septum, but by the septal processes of the luvicr nasal cartilages 
and by the akin, 

llie upper nasal ^arliii^ir (fig* 1003) ts triangular in shape. Its anterior margin is 
thicker than the posterior, and its upper part is cominunus with the cartilage of the 


F[g. iwfi.^A triuwvtrsc acctinti thitiygh ihe uruerior pun of the htmd mx b Wve\ juii 
below itie Bpex of th£ cNJonto^ pmeesa. Viewed fmin below. 
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septum^ but its lower part is separaitd from diis cartilage by a narrow fissure j its 
superior margin is attached to the nasal bone and the frontal process of the maxilla ; 
Its inferior margin is connected by fibmus tissue with the lower nasal carriage. 

The Imx'er nasal cartilage (figs_ 1003, 1004) is a thin, flexible plate which h 
situated below the upper nasal cartilage, and is bent acutely around the anterior 
part of tilt natis* The medial pan of the plate is narmw\ and Is imned the septal 
process- The latter is loosely connected by fibrous tissue widi that of the opposite 
cartilage, and to the antcro-inferior part of the septal cartilage, thus helping to 
form septum mobile nasi, TTtc app^t border of tlic lateral part of the lower 
miial cartilage is attached by fibrous tissue to the lower border of the upper njwji! 
cartilage. Its posterior, narrow end Is connected tvitls the frontal process of the 
maxilla by a tough fibrous membrane, in which three or four small cartilaginous 
plates, tCJincil the small atrislages a/ flu ala (fig. 1003), arc found. Its low-cr, free 
edge falls short of the hiteraJ margin of the naris, the lower part of the ala nasi ^ing 
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formed by fatt}' and fibroua lisauc oovcrHl with skin. Jn ffontp ihc lower niisal 
cartilages arc sepairated by a notch which esn be fell at ihc apejr of the nose, 

II1C acting on the external nose ha%'c been described on p. 556. 

The jAtj* uf the doT^um und sides of the ncwc iji thin, and loosely connected with the 
subjacent pans ; but <sver the np and aJ® it is thicker and more firmly adherent, and is 
fumrahed tvith a large numher of sebaceous follicles, the orifices of which are usuaJly 
very distinct. 

The iirtmes of the rxtemal nose ate the alnr and ftcptal branches of the faciftl artery, 
which supply the aim and lower part of the sejritm * and the doisal nasal branch of 
the ophthalmic artery juid the infm-orbitaL branch of the marcillBry artery, which 
supply the lateral aspects and the dorsutti. 'ibe oemr end in tlie fadal BJid ophthahnic 
veins. 

The ifcmiif for tlie muscles of the nose arc derived fmm the facial ticrwQj whale the 
skin receives branches from the ophthalmic nert^e, thmogh aim Inftatmchlear bnmeh 
and the eatlemal nasal nerve fp, M03), and from the infnmrbiCBJ branch of the 
rnaxillan^ tierve (p. rio6). 


Fig. 1007 .,^—-The letenil wall of the right half of the rutsaJ cavitj'. 



Nsisat cavity.—I'hc nasal cavity is subdivided into right and left halves by the 
nasal septum (fig. toofi). These t^vo halves open on the face through the nancs or 
nostrils, and comnmnicaie behind with the na^id port of the pharynx through l\xt 
posterior naaol aperlurca. The lurre^ arc aumewhat pear-ahaped apertures^ narrower 
m front than Itchind. Each measures frum [-^5 cm. to z cm. antcroposleriorly, and 
from 0^5 cm^ to i cm. tninsverscly. ITie postmor ^asat apfriurfs or diiMrar are 
two ov^l openings, each measuring abnut 2*3 oil tn the vertiod and 1^25 cm. in 
the transverse direction. 

For the description of the bony boundades of tlie nasal cavitv^ see p. 2i^. 

Each half of the naoal cavity has a floor,, a roof, a lateral wall and a medial wall 
which ta formed by the aeptum. [t eazi be subdivided into three pam^ viz.: the 
vestibule, the olfactory region and the respiratory regiorL 

The Vfsti&uie is a slight dilatation just inside the aperture of the nostril (hg^ 1007). 
bounded laterally by the aJa and the latcml part of the lower nasal cartilage, and 
medially by the septal process of the same cartilage ; it extends as a small recess 
towards the apex of the nose. The vestibide is Lined with akin, and coarse hairs and 
Sebaceous and sweat glands arc found in Its lower part x tlie hairs (vibrissa:) curve 
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do^vii wards a/id fonvards Xo the riiiria^ and tund to arrest the passage of foreign 
suli^ianccrs carried with the cujrent of insputKi aifn llie vestibule is Umiied above 
and behind bv a cuni'ed devation, named the iimtH which corresponds lo the 
upper margin of the lower nasal cartilage^ and along which the skin of the vestibule 
is continuous with the mucous membrane of the nas^l cavity. 

The olfactory region is limited to the superior nasal concha and the opposed 
part of the septum. 

The regioa comprises the rest of the cavity. 

Walls of the nasal cavity.—l*he lateral wall (figis, 1007, lOoSj is marked by 
three clevationSp formed by the superior, middle and inferior nasal conchBc* and 
below and latcrM to each concha by the corresponding nasal passage or meatus. 
Above the superior concha a triangular fossap named the spheno-ffhmmdai rrccap 
receives the opening of the sphenoidal sinus. Sometimes a fourtJi clcv'ationp termed 
the highest nasal coneba, is present on the Jatend wall of the sphcno-ethmoidal 


Fi€F. naqS,—UtenS waU of the rigbl half of the nasal cavity ; ihc three nasal 
conchae have been nemoveJ. 
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recess (fig^ 1007) | she highest or supreme nasal mvalus related to il may present 
the opening of a posterior ethmoidal sinus. The supf^t^ior mfaiu^ m a aho^ oblique 
passage extending about half-way along the upper border of the middle concha ■ ibe 
posterior cthn^oidal i^inuscs opcn^ tn«ua1l v by one or twn apertureSp ifiit* the from part 
of this meattis. The middk deeper in fmnt than behind^ is Whm and 

lateral to the middle concha^ and is coniinued anteriorly into a shaikiw depression 
situated above the vestibule and named the atrium nf the middle meatus. .Abfw'c 
the atrium an tll-dcfincd curved ridgCp temted ihc naji{p. 345), runs forw ards 
and downw^arda from the upper end of the anterior free l>order of the middle 
concha ' it is better developed in the newvhorn child than in the adult. When 
the middle concha is ntised dr removed the lateral wall fjf this meatus is duplaycd 
fully. A ruunded clevationp tcrmeil the bulla ethmoidalis^ andp hclow' and extending 
upwards in front of it, a curved cleft p termed the hiatus semilunaris, fr>Tm the 
principal features of this w^lL Tlie hutia cthmQitiaih is caused by the bulging of the 
middle ethmoidal sinuses, which open on or immediatdy abtive ii, and the sikc of 
the bulla \“4ri<s wUh thsi of its contained sinuses. The hmtui irmiiimarh^ which 
is hounded Lnfcriorly by a sharp con cave ridge produced by tlie tmeinate process of 
the cthinoid bone, leads forwards an<l upwards into a curved cliannel, which is 
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ttiimcd the rihmOfdal j^Jundibw^am. The anterior ctlimoidal sinost-i^ upen inio ihe 
mfundihuluin, which in EUther tnort: than 50 per cent, of subjects is continuiius 
wiih the frrjnttinii^l duct or passage Ecadin^ frf>tn tht frontal sinu:^, fn other eases 
the cthnvotda! inrundibulum ends hlindlv in front by forming one or more the 
anterior echmoldal ainitses (Ijifundihular sinuses), and ihc frorKoiiasal duet npen 
directfy into the anterior end of the middle meatus, 'flie opening of the masillsry 
sinus is akuiited below the bulla ethmoidalLs, and b lisualiy hidden by the flange- 
iike lower {or medial) edge of the hiatus semilunaris ; in a coronal section of the 
nose tikis opening ts seen to be placed near the roof of the sinus (fig. jo 11). An 
accessw>r\^ opening of the maxitlary sinus is frequently present below and behind the 
hiatus seinilunaris. The mfrriar m^ntut is he low and lalenl to the inferior nasal 
concha ■ the nasolacrimal duLt opens into Ehis meatus under cover of the anterior 
part of the inferior Concha. 

The medtai wall or nasal septum (fig, 1005).—The nasal septum is fre¬ 
quently more or less defected from tEie median plane, Lhus leaning the sbe of one 
half of the nasal carity and Increasing that of the other ; ridged or spurn of bone 
sonietimea project from the septum to one or other side, Immedlately over the 
incisive canal at the lower edge of the cartilage of the septuin a depression b some¬ 
times seen i it points downwards and forwards, and occupies the position of ^ canal 
which connected The nasal wiih Ehe buccal eiivily in early ftetal Jife. On each side 
of the septum close to this rticcss a minute orifice may be disetmed : h leads baefc- 
wards into u blind lubuEar pouchy 2 tn h mTii. long—the vestigia] vomerfmmtit orgt^n — 
which is suppi.ined by a strip of cartilage named the vttmrrrmusut rtfr/i%e; it is 
lined by epithelium consisting mainly of a single layer of tall coUminar cells and 
contains maity glands. This organ is well dc^-eloped in many of the lower animals 
(c,g. reptiles ■), where it apparently pla>^ a part in the sense of smell, since it ts 
supplied by twigs taf the nlfaetory nerve and is lined with epithelium similar to that 
in the olfactory rcgioii nf the nose. 

The roof of the nasal cavity is narrow' from side to side* except at its postcrinr 
part, and may be divided, from behind forwards, Into sphenoid^, ethmoidal and 
frontonasal parts, corresponding to the bones whicii enter into its formation {pp. 299 
and 302)^ The ethmoidal part is almost horizontah but the froDtooasal and sphen¬ 
oidal parts slope dowmvards and forwards and downwards and backwards* respec¬ 
tively* The cavity is therefore deepest where its roof is fomved by the cribriform 
plate of the cthnioid bone. 

'Die floor is concave from side to side. Bat and almost horizontal antert>- 
posteriorly ■ its anterior three-fourths are formed by itic palaiSne process of the 
noaxilla, its posterior one-fourth by the horizontal part of the pahatinc Ekuic, .\t>rkut 
z cm. Lvehind the anterior end of the Hoor a slight depression in the mucous mem¬ 
brane overHcs the incisive canal (p, J45)* 

The nssal mucous membrnna lines the nasal cavities w tth the exception of the 
vestibules, and is jntimstely adherent to the periosteuin or perichondrium* It is 
continuous with the mucous membrane of the nasal part of the pharynx through the 
posterior rtassi apertures ; with the conjunctiv'O, through the nasolacrimal duct and 
lacrimal canaliculi; and with the mucous metnbranes of the sphenoidal, ethmoidal* 
frontal and maxillary sinuses* through the openings of these sinuseSr 

The mucous membrane is thickest and most vosadar over the nasal conchas, 
espedoUy at thebr extremities. It is abo thick over the nasal septum, but very thin 
in the meatuses, on the floor of the nasal cavity , and in the various sinuses. The 
thickness of the mcmbnwie reduces materially the size of the bony cavity and the 
apertures communicating with it^ 

Sirurturt a/ mue:ou$ FHumhrunt .—The epithelium of the mueoui membrane 
differs in itx chamcieristica according to the functione of the part of the nose in 
v^'hich it is found. In the rtfpimtQry it I# columnir and ciliated. Goblet or 

mucous cells arc intcrspetsi^ among the cohimnar cells, while anik^ller pynunidiil 
eclls are found between the bases of the blTer, Bcuciiili the epithelium and ibt 
haaement-membrane there b u fibojus layer Infiltrated with lymphocytes, fonning 
in many parts a difluiie Ivmphuid tissue, and under this a nearly cofitinuoua layer 
of mueoiis and rerous glan^> the ducts of which open upon llie surface. The 
ahundanT amounrof mucus secreted by the glands and goblet cells mshef tht surface 

• A, d'A. Bclbini, 7. 76, 167, ty4i ; A. d'A* EkHaira and I'K ttciyj, 

*SV., Londr, jao, 
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of the miitofta mptst and HTii^ky. lk*C£iasc of tlus the diwE in the rnspired air is dispoalted 
on tht i^urCacr and tin; air is mossiencd. 'Jlic vasLulariiy of die membrane ensures 
^iirminit of the inspired air. ""iTic i^taniatniniitcd mueus film enverin^ the membrane 
is moved by dlian' Oi^iqn dmvnward and away from ihc ulfacmry region 

and into ihc nttftophiirjTii. folate moviriTicOLH dicn transfer it lo the oral pharynx 
ontl it is swallowed. I n the td/attot^' which extends over the upper it? mm, or 

So of the septum and civer the superior 
concha and the lutcntl wall above the 
mu^'ous memlinine is yellowish an 
cnlourp and the epidielia] cella are of 
three types, supportinic (sustcntaculHr) 
ceJIa^ hasat cells and -olfaeiDry cHb 
proper (fiR. 1009). The lupfwrting 
are taUi nondliaicdn cydindrica! cdls, 
their oval nuclei Lie in approxjnintely 
the stune plane about the middle of the 
Cel Up and the deep paria of the crlU 
taper as they extend to the basement 
membrane I "Ilie cytoplHsm concainft a 
yellowi»h“brown pjf;nient. The bamt 
infill arc pyramidal in shape and contain 
enzymes (phoaphataw and estenue)* 
llic ^factory idls ore hi polar nerre cells^ 
the cell bodm and spherical nuclei of 
which lie benveen the support] ntf cells 
a little deep to fhc pljinc of the oval 
nuclei of ilw latter. The superficial 
process of each cell runs between the 
supponinj^ cciU and ends nt the surface 
of the inucoua membrane m p elip-Uke 
expansion^ from the ed^c of which there 
prise one or more fine halr-like procc^W, 
called the idfiitinry ticrin. The deep 
process of the cell is frcciucndy beaded ?,nd is continued us on olfactory nerve-fibre 
Ip. 1093}. Beneath the epitl^diiim^ Etndl extending thmiii^h the thicknL~S!t of the 
mucous membrane, Eherc is a layer of bnuiched, tubular, serous inlands (the naxal 
^/ofldr), which are rich in enzyme* (ocid phosphatase^ esterase^ lipn*e). 'Fhcir ducts 
ppvi between the ^iipportin^ cells to tipen on the surface. The t-psc* responsible for 
odourr dissolve in the fluid sccreiion of the glands and thuiurtimulote the olfpctory hair*. 

Kewr/j £Wid —Tht arTms of the nasal cavity are the anterior imd posterior 

ethmoidal branches of the ophrhalroic artery^ w^hich supply the ethmoidal and frontal 
Btntises, and the roof of the nose ; tlie sphenopaldtine branch of ihc maxillary artery^ 
whiedt supplies the mucous membrane covering the concha, the nieatusos, and 
septum ^ the icmunal part of the greater pabdce ancry^ whkh s$ccnds through the 
incisive canal (p. 750I ; the septal ramus of the supedfit labial branch of the facial 
aiiefy% w hich supplied! the part of ihe seprum in the region of the %'cstibule, anastc- 
mosing with the sphencjpaktinc artciy', nnd is a common site of bleeding fmm t he nose 
(epistaxis) ? the infra-urbital und inferinr alvcnlar branches ejC the maxillary artery 
w hich supply the lining membrane of the mnxilljiry j,inua t and the phanngenl branch 
of the same Jtrterj', which is disttibuted to the sphenoidal *100*, ^flie ramificatH?na 
of These vessels form a close plcxiform network, beneath and in the subsumce of the 
mucous membninc. 

The t iim form a close covernoofl plexus beneath the mucou* membrane. Arterio¬ 
venous eonuniunicatinns have been deaeribed^t 'flic plexus a especially marked 
over the lower part of the Beptum and over the nutldle and inferior conchyc- Some 
of the veins open intn the sphenopalatine vein ; others join the facial vein ; 
some accompany the ethmoidil arteries* and end in rhe ophthalmic \^ms : a few' 
communicate with the veins on the orbital surface of the frontal lobe of the brsun* 
through the foratnina in the cribriform piale of the ethmoid bone. When the foramen 
r^zeum i« paietii it transmits a vein from the nasal cavity to the Buperior Bagittal sinua. 

The: iymph tvw/i ane described on p. 88S. 

The iwn^er 0/ ardm^iry sfumiifst (figs. 936;p loio) that supply the ramJ ca%ity are : 
the anterior ethmoidal branch of the nasociliary nerve which supplies the anterior 
and upper pert <]f the septum, the anlcrior part of the mof and the anterior parts of the 
middle and inferior conchir with the kternl w oli in fimil of these ^ the infraorbital nerve 

•From a dneripuon hy VV. E, U Onu Clark and R. T. 1'utncr ^Varwidi, y^ur. 

S^ttTti-niTg. md Fiyi^hiat^y, 

t J. F. Harper, /ViJT. Aftfli. See, J, Si, 1947- 


Fio. toogL—A tchiinie cf the olfactory 
muoQUB membrane.* 
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^vhich suppli^^e the vestibule ; the on terror superior alveolij nerve which oupplies 
the port of the septum und floor ncAr tlie anterior nosal spine imd the nnierlar port of 
the kteral w^all as hl^h aa the Dpening of the inajiLiHery sinus ; the Lstcnil pogterior 
^upenor oasal and the medini pogtcHor superior nasaJ nerves (incllulioj^ the usm- 
paloiine ncrv'c), which ate bniEidhes of the pterygopalotitic utati^ion^ and thc^ pogterior 
inferior niftoJ branches of the anterior piiktioe ner^-e, supply the posterior three- 
i^uortera of the lateral loof, Ilnur and septum ; branches from the nerve of the 
pterygoid caosd which supply the upper and back part of the roof and septum. It ia 
to be noted thit, with the exception of the naMiciliarr nrrt-e, all the nervei supplying 
the nasal cavity arc clerived from the ma^tilkry division of the trigeminul nerve, 

Hie offa^tory' wm-rt art distributed to the olfactory region. Their fibres arise from 
the bipolar oiraefory cells and arc defttitute of medullary ghcatha. They unite in 

FiOfc loie* — ^ITrc net^'ei of the right aide of the aepiiun of the no*e^ 



ance of A plc?it» in the mucous mcmbrajcte (fig- 1010) and then ascend in groovta or 
canals in the ethmoid bone ; they pass into the skull thtnugh the foramina in tlw 
cribrifonn plate of the ethmoid and enicr the under surface of the olfactory bulba, in 
which they ramify and form synapses widi the dendrite^ of the mitral cells (fig. 9^17). 
Closely associated with the olkctory nenres arc the nen^i (p. tooJ)- 

Tiri- Faranaswl Sinitses (rtes^ icjofi* 1007, looS, loit) 

The paranosaJ Are the fTtmtoli ethmoidal^ sphenoidal and maxillAry; 

they vary in size and form in different individuals, and arc lined with muenua mcm- 
brane continuoua with that of the nasal cavity% "Vht mucous membrane resembles 
that of the respiratory’ region of the nasal cavity, hut Is thinner, less vascular and 
mon; locsaely adherent to the bony w'oJls of the sinuses. The muetts secreted by the 
glands in the mucous membrane is swept into the nose through the apertures of 
the sinuses by the movement of the cilia covering the surface. ITie cilia are not 
found uniformly in the Lining mucous membrane hut are always present near the 
opening into the nasal cavity. I’he function of the sinuses is doubtful. They 
lighten the skull and add rL-sonaace to the voice- They v-ary considerably in size in 
different individuals. Some arc rudimentary* or even absent* at birth ; they cnbrgc 
appreciably during the time of eruption of the permanent teeth and after puberty 
and this grow^th Ls a factor in the Altemion in the size and shape of the face al 
these limes. 
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The frontal siniiseSp two in nuraber, arc situated behind the skipirrciliaq^ Qixd\&^ 
benveen the outer iind inner tables of the frontal bone^ When of average sise* they 
underlie a triangular area on the surface the angina of which arc formed by the 
nation, a point abtuit 3 cm, above the nasion and the junction of the medial third 
with the rest of the supra-orbita! margin (fig. 1013). They are ninriy eymmetrieal, 
becauEc the Bcptum bet%veen them frequently deviates from the median plane. 
'ITieir average mrasuiCfncnt& are as follows : height^ 3“i6 ctn.: breadth, 2^58 cm. \ 


FiC. — A carond iecttoti thfoujiU th* nasal caviiyp viewed fn™ bEhind. On 

rh« tefi iide the [ilELiie af the nrrtaun ii mare iKnteriut. 'I'ht normitl oriftee pf the 
innxilJary ainus it ^hown an the rif^ht sidr, and the liot iuricu4tTn\on aeceswry 
qnhtv ori ibr left akle. 


.9ujp^Tvif rtficAfl 
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depth from before backwards^ 1^8 an. Each extends upwards above the media] 
part of the eyebrow and liackwarda into the medial part of the roof of the orbiu 
The frontal sinus is eometimea divided into a number of intercommunicating 
n:ct=s«s by incomplete bony partitions. Rarely^ one or both sinuses may be absent^ 
and the degree of prominence of the superciliary arches is m indication of the 
presence or aixe of the frontal sinuBcs. 'The part of the sinus es^tending upwards in 
the frontal bone may l>e small and the orbital part large, or vice versa, Sometimes 
one sinus may overlap in front of the other. Each opens tnid the anterior part of the 
corresponding middle meatus uf the nose cither tbrough the ethmoidal infun¬ 
dibulum or through the frontcmnsal duct^ which t ravers the anterior part of the 
labyrinth of tlie ethmoid, Riidimientia.ry' or alisent at birth, they art generally fairly 
wtU developed between the scvcntb and eighth yesir^^ but reach their full pi^c only 
after puberty (sec also p, 33a). 'llie artemi blood supply of the sinus is from the 
supraorbital artery' and the venous drainage is into the anastomotk vein in the 
supniorbital notch connecting the supraorbital and superior ophthalmic veins. The 
lymph drainage is to the submandibular nodes. The nerve supply is derived from 
the supraorbital nerve. 

The etbmoidsil sinuses (s« pp. 334-336) consist of thin-wailed cavities in 
llw ethmoidal labyrinth, completed by the frontal, maxillary, lacrimal, sphenoidal 
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and palatine hones. 'rhc> vary in number and size from 3 hr^ to iS smalJ sinuai^ 
and their openings into the nasal cavity an? very' variahk. They He Ntween the 
upper part® of the nasal eavky and the orbits, and are separated fmm the latter by 
the extremely thin orbital plates of the ethmoid ; itiftclion may spread from the 
sinuses its to fhe orbit and produce orbital cellulitis. Cln each side they are arranged 
in three gtoups--anterior, middle, and posteriorp though some anatomists divide 
them into two groups, anterior and posterior, the anterior group including those 
dcscnl^d ^tnw as the anterior and middle groups. The three groups are not 
sharply delimited from each other and one group may encroach on the territory 
genersdly occupied by another In each gF>up the sintisea am partially separated by 
incomplete bony septa, 'rhe anterior grtmp vary up to eleven in number and open 
into the ethmcndal infundifauJum or the fftmteuiasal duct by one or more orifices; 
one sinus frequently lies in the agger nasi and the most anterior sinuses may 
encroach upon the frontal sinus. The iniddle group (bullar sinuses) generally 
comprise three sinuses and open into the middle mcaiiis by one or more orUkea on 
or above the ethmoidal bdla. The posterior group \zty from one to seven in 
number and usually open by nne orifice into the superior meatus under cowr of 
the superior concha, though one may open into the highest meatus (when present), 
and one or more scunerinres open into the sphenoidal sinsis. The posterior group 
are ven,' closclv related to *hc optic canal and optic ncrvCi The ethmoidal 
sinuses arc small, but of clinical importance, at birth ; thev grow rapidly between 
the sixth and eighth yors and after puberty. They derive their arterial blood 
supply fmm the sphenopalatine (p. 750), anterior ethmoidal and posterior cthnioidal 
Bncricsi and are drained by the corresponding veins^ llie lymphaiics of ihe 
anterior and middle groups drain into the sub-nmndihular nodes and those of the 
posterior group into the retTOphuryngeal node& The ethmoidul sinuses ate supplied 
by the anterior and posterior ctkmoidal nerves and the orbital branches of the 
ptL'rvgopalatinc ganglion. 

the sphenoidal sinuses (see pp. 315, 316), two in number, arc placed behind 
the upper part of the nasal cavity. Contained within the body of the sphenoid botse^ 
ilicy arc, themforc, iclatcd, Bbove. to the optic chiasma, and the hypophysis cerebri; 
on totrh side, to the Inremal carotid artery and the cavernous sinus. If the sinuses 
are smull, they lie in front of the hypophysis cerebri. 'ITicy xnry in stjee iind shape, 
and, owing to the lateral displacement of the uiteri'ening septuiTK are rarely sym¬ 
metrical. Frequently one aiuus i,i much the larger of the two and extends across 
the median plane behind the sinus of the opposite side ; occasionally one amus may 
yverisp abo%'c the other, and rarely there is a communication lietwycn the two 
sinuses, llic following are their average measurements : vertical height, 2 cm.; 
transverse breadth. 18 cm,; anrerepoatcrior dopth, 21 cm. When exceptionally 
large they may extend into the roots of the piciygoid processes or greater wings, 
and mav invade the baailar pari of the occipital lionc. Occasionally there are gaps 
in the bonv wnlb and the mucous membrane may He directly against the dura 
mater. &)nv ridgt^H produced by tlic iniertial cswuid arterj' and the pterygoid 
eanai, mav prnjcct into the sinuses from the lateral walls and HcM>r rcspeeiivcly. A 
posterior ethmoidal sinus may extend Into the Nady of the sphenoid and br^gcly 
replace a sphenoidal ssmiS. Faeh sinus communicates with the spheno-cihttKjidal 
reee® hy an aperture in. tlie upper pan of ils anterior wall. They are present 
^ Etiifiutc cavities at birth, but their main development takes place after 
puberty. Their blood supply is by means of the posterior ethmoidal vesayU and 
the lyinph drainage k tn the retropharyngeal nodes. Tlicir nerve-supply la from 
the ptsstcrior ethmoidal nerves and the orbital branches of the pteiygopajatiue 

ganglion. ^ 

The maxillnty^ sinuses, w hich are tlie larg^t accessory sur-ainusca of the nose, 
arr pyramidal cavities in the bodies of the maxllhe ffig. 1 on and PL IV, fig. 2), The 
base of each b formed by the lateral wall of the nasil cavity i the apex cxiendH into 
the zygomatic process of the maxilla. *l’he roof or orbital wall is frequently ridged 
bv the infra orbital canal, while the fluor is formed by the alveolar process and is 
usually about 1 -25 below the level of the floor of the nose on a line drawn 
lalerflUy fmin the lower border of the ala ; several conical etevations corrcspoiidi njg 
with the roots of the first and second molar teeth project into the floor, which is 
sometimes perforated bv erne or more of these routs, ^mctimes the roots of the 
first and second prumolara and the third molar, and occasionally the rout of the 
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canine, abo pJiyeet imo the sinus. The sissc of the maxillary ^inus varies in 
diffcrenl skulls, anii even on the two sides of the same skull; wiien Jarge, its apex 

may invade the zygomatic bone. The 
following measurements are those of 
an avcrage-sizcd air-siniis: vertical 
height opposite tJie first mohir lonlh* 
cm.; transverse bn^dth, a'5 cm.; 
anteroposterior depth, yz cm^ Tt corn- 
municates with the lower part of the 
hiatus semilunaris through an opening 
in the anteitiaupenor part of its base 
(fig. toii)^ a second orifice is fre* 
qucntly seen in, or immediately below* 
the liintus. The masillar>' sinus 
appears os a shallow grcwvc on the 
medial surface of the bone about the 
fourth month of intrauterine life, hut 
dfjcs not rjtiich Its full size until after 
the emptiun of all the permanent 
teeth." llie blood supply of the sinus 
is by ineuns of the facial, infraorbital 
and greater palatine vessels; the lymph 
drainage is to the submandibular nodeSn 
I’he nerv'e supply is derived fmm the 
infrsHrtrbital and the anterior, middle 
and posterior superior ah-ealar nerves. 

Normal sinuses arc 
radiolucent whereas diseased minuses 
fihow^ varvnng degrees of opacity. 
Radiographs also reveal the extent of 
development of the sinuscs. In antero- 
^terior view (Plate IV, fig. z, and 
Plate XXII), die sinuses appear as 
follows. The frontal sinuses are seen 
above the nasal cavity and the medial 
part of the orbits and their asjTnmciry* vertical extent and the presence of Ijony 
septa can be assessed. The ethmoidal sinuses are superimposed on each other ^ 
well as on the sphenoidal sinus in the radiograph; they Ik- between the orbits* 
l>elovv the shadow of the cribrifomi plate. The sphenojda] sinus is not ctcar in this 
view. ’Phe inaxilliiry sinus forms a pyramidal-shaped translucent area below the 
orbit and luteral to the lower part of nasal cavity ; inferiorly it extends Into the 
aUnibr process of the maxilla. In lateral vkw (Plate III and Plate XXI)* the 
extent of the frontal sinus both upw'ards into the frontal bone and backwards into 
the orbital roof can be seen. 'The ethmoidal sinuses are seen extending from the 
sltadow of the frontal procc^ of the maxilla as far back ay the spbenoidal sinus, 
the Latter being cll^ and distinct bclow^ and in front of the fossa for the hypo* 
physis, though of course the areas of the two Bpbenoidal sinuses me superimix^ed, 
and the inilividual sphenoidal sinuses lire best seen in a siiperit>r vicw'« The maxil¬ 
lary sinus is well seen in a lateral view ; it lies below the urhit and its extent in 
relation to the mo is of the teeth can be clearly seen. 

'I'he maxillary and frontal sinuses can also be examined by rise method of ttans- 
illumindtion. In a dark room an electric turch is placed in fhc mouth, in the case 
of rhe maxitUry^ sinus, or against the upper medial angle of the front of the orbit, 
for the frontal sinus. Nonruilly, a red glow' is seen in the region of ihrac sinuet^! 
which may be absent in cases where they are diseased^ 

.dwHiowy.^-CongeniiaJ dcfomiitiea of tJic nose: ctecur occjastonatly, such ss 
complete absence of ihe external nose, sn aperture utily being pre^nt, or perfect 
dcvvlupnumt on one aidc^ and ^uppmsion or malfnrmatioi^ on the other. 

The septum of the nose may be displaced or may dc\iat^r fnjm ihc rncdiqn plane 
as a result of an injury or of tcrngt-mifal defect. *Sometitries tli^ deviation may be 

•The mceaurcmETit* of ihe parwiasaJ nnUKt supplied in the text jirc those eiven hr 
A. Turner, /Iffa/wj' Smum -o/ tAc Now, jooi. 


FjfT. 1012,—An ouitine of ihc bones of the 
face, showing the pouitlona ol the fronlid 
and miixilljrr}' EiRuaH. 








THE EYEBALL 1:135 

$0 thAi the septuTn may come inio tantacf with the Latcml vi-all of ihc ruLsyil cavity, 
pr^uemR complete uniLtefaJ obstmetiun. Submucous rrsectiem of iJie scptuiri w 
somerimL^f nectsMty in this condition. The margituil parts of the septum mmt be 
left Of depression of the bridj?e of the nose will result. 

Suppurariofi in the paranasa] siouscs h of frequent occurrenccp and in cortneskm 
with this it ia 0/ iinpoitancc to norice that the mtddlre mcntus is of stjch d form that pus 
runnitiR dowti from the frontal sinus or the ajtierior ethmoidul sinuses is directed by 
the hiatus semilunaris into the opening of the maxillary sin vis, so that the laricr sinus 
may, in some enses, act os a iieeondary reservoir for pm dewharge^l frnm these sinuses. 
All the paranasal sinuses can be infccietl fmm the nasal cavity, hut it should be noted 
that in th& case of the moxillary ainus^ the infection is occasionaJly conveyiMl in another 
WB>\ and that is from the teeth (p. 1373). Tliis sinus is the one most frequently the 


Fig. 1013.—a horixontal iccrinn (hrouBh the ryehaJI. iKumsn.) (After Sobona.) 



scat of chronic suppumt]un+ bi which cose the cilia arc often lost over the surface of the 
muema so that it requires dmina^. The normal opening of the sinus h high above 
the door and ii thus poorly placed for natural drainaiee. Surgical drainage is thus 
effected by punciurtng the lateral wtill of the inferior nasal mearua or the canine fossa 
on the anterior surface of the maxi Ho h 


The Oagan of Sicirr 

The eyeball is the peripheral organ of aighh is situated in the cavity of the 
orbit; the walls of w hich sen^e 10 protect it from injury. Cemin accessory structu res, 
viz. the muscles^ fasebe^ cy'cbrows, evelids, conjunctiva and lacrimal apparatus, are 
intiiriBtely associated with the cyehail and wilJ be described in this sectiew. 

The eyeball is imbedded in the fat of the orbits but is separated from it by a thin 
meinbrancus sac, termed the fmaat ^hfath of thr eyebali (p. 125+)- It is composed of 
segments of two apheies of different sizes. The anterior eegHHMit is om of a small 
sphere i it is transparent, and it forma about one^ixih of the eyeball. It is more 
prominent than the posterior segment, which is one of a larger sphere^ and is 
opaque, and forms shout five-sixths of the whole circumference of the eyeball. The 
term antmor poh is applied to the central point of the anterior curvature of die c>'e- 
ball, and tliat of po^frinr po/e to the ccntml point of its posterior cur^-nture; a line 
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joining the two poles forms the optic itxis. 'l^be jsscs of the two eyeballs are nearly 
p^leh and tliercfore do not <x^rrespond with the atis of ilte orbits which are 
directed fonvarda and laterally. The optic nerves follow the direction of the axes 
of the orbits, and therefore are not parallel; e&ch nerve ctttm itt eyektil 3 turn, to 
the noint side 0/ the pt^sterior pole. The vertical diameter (23’5 mm.) of the eyeball 
is rather less than the transverse and anteroposterior diameters (24 mm.); the 
anleropcKSteriar diameter at birth is abemt 17*5 min. anti at puE>eil:y' from ao to 
ai mm* In the female nil three diameters are mthcr Itsa than in the male. 

Tl^e eyeball comprises three coats, and the contents enclosed by these coats^ 


Fio. 10^4-—A nicw of diE Lfidacamejil horIc. Ertlim^d. tAfter ThMiisoti.) 
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Tim CoAis OF Tire Ete ffig. 1013} 

From without m\rardft the three coats arc! (i) the bhre^us coat^ insisting of the 
iclera behind and the eorma in /font; (2) the vascular, pigmented coat, compristog, 
from behind forwards, the ckomd, dtimy body and Jrw ; and (3) the nervous coat^ 
termed the retina. 


I. TnE Fibrooe^ Coat 

The bbrous coat of the eyebaJl ffig. *013) consists of an opaque, posterior part, 
named the sclera, and a tnuispa^nt, anterior part, named the cornea. 

The sclera, so named from Its density and hardness^ is a bnn membrane which 
serves lo maintain tJie form of the eyeball. It Is thickest (about i mm.) behind, near 
the entrance of tlie optic ncr^e, and thinnest {0-4 mm.) at a distance of about 4 mm. 
behind The sclerocorncal junction, in the region of insertion of the Rcctt muscles 
(p, 1252). IlJS erternai lur/ace is white, and is in ctmtact with the inner surface of 
the fascial she;ith of the eyeball {p. 1154) ; it is smonib, escept where tbc Tendons 
of tlic orbital muscles arc inserted into it; its anterior part Ls covered by the 
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canjuftclival membrane, reflected on to it fmm ibe deep surfaces of the eyelids and 
oontitiuous antenorly with that covering the cornea. Its inntr ia browiv 

and is marked by grooves in which the ciliary nerves and vesatrfe are knlgcd ; it b 
deparated from the miter surface of the ehoroid by an extensive prrkhomdul ipwcr, 
which is traversed by an exceedingly delicate cellular tissue, termed the supia- 
€h(3f<dd lamifia (or lamina fu^a 0/ //if ic/ffir)* Behind, the sclera is pkreed by the 
optic nervct and in cofittnuous tfirough the fibrous sheath of this nerve vvlih the 
dura materp Where the optic nerve pierces the sclera, the latter has the appearance 

Fio. 1015.—Vertinl ^Kticm ihrciugli ihe humari cornea^ x 138 
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orii cribrirortn plate and « named the tamma rrihrina tclera{f\g. i«i) i the mimilc 
orificca b tht» lamina serve for the tmnsmUsbn of the ncn.«-bimdl@, and the 
fibrous septa between the orifices ate euntinuDua with ihc supporimg umuc of the 
nen'c. One opcningi larger than the nest, and oc«pyi^ the centre of tbe uTturuT 
traiumiis the centrS artery and vein of the retina« the laniina mbrosa is the 
weakest part of the sekra ; if the intta-ocular ptwaurc be inisrb or some lime, 
as in cas^ of chronic gtiuenma. the lamina cribrosa becomes bulged outwits, 
producing the condition of ' cupped disc '* Around the lamina cnbroaa sckr» 
numerous small apeftiires are present for the tnmainisaion of tbe ciliai^ ve^ls 
and ncr>cs. and about midway laetween dinie and the sckrocomcal junction tliere 
arc four or five laiRc aperture* for the transmission of veins {perw- ttorttrof«h In 
from the sclera is dUoctlv coatbuoua with the coraea, the bnc ot union being 
termed the scl^oeorttraijunUmn, In the substance of thcsclera dose to this jwiKtion 
ia a canal lined with endoiheliuTn running carcularly round the eyeball, termed ^ 
««or ^mus rcW. In a meridional KCiion ihxougli the sckroHwmeal jtmaion 
(fig- 1014) this sinna presents the appearance of an oval clen. H he outer wall of 
the deft is formed hv a groove in the scicrd. Pbstcriorly the cleft extends w far 
as a projecting rim ot sclenil tissue termed the fcltral tpur which in scetbn is tri* 
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un^ulur in form with the apex directed fonvar-ds and medially. I'he ainiia niav 
be double in parts of its course^ 'Fhe medial of the sinus is formed 

by u loose tnibcoilar tissue continuous anteriorly with the posccriDr elastic kmJna 
of the cornoa. Doiween tlie fibres of this tissue are spaces through which the 
aqut^fius humour in the anterior chamber lUtcr^ into the sinus^ fmin which it then 
passes into the bloodstream as the scleral sinus drains laterally into the anterior 
cilian- veins. Nntmully tlie sinus con tains no blood ; alt hough the eonimunicaUng 
channels between the sinus and the anterior ciliary veins contain no vulvcsv these 
channels are oblit|Lic and flatteneil and prevent redtix of hloud into the sinus, but 
under conditions of vcnfius Cfingi^tiun blood may pa^ into the sinus. Antcrti- 
Jatcrally, tlie sckral Apur gives aiiacbmeni lo most of the fibres of the trabecular 
tissue mentinuod above, w hilst posteromediaLly it gives attachment to the meridional 
fibres of the Ciltaris muscle. Hk (fig, 1014) of the anterior 

chamber lie^ between the trabecular tissue and scleral spur antcrolaicrally, and die 
periplicry of the iris posteroinedially- 

^tructure.. — The telera 1$ formed of white fibmus tissue intemiixed wriih fine 
clastic fibres; fiattened connective tisauc Cells, lomo of wJiich are pigmented, arc 
cenmined in eelE-spuces bet^vwn the fibres. The fibres are st^gregaicd into bundles, 
which ore ptTisngcd chkfiy in an anterop[igteiiq,r direcuon. Its erw/t are very scanty' : 
ItE cmpillaries Hre miall, und unite at wide inters aU. Its ttm'ct Eire derived from tlie 
csltary nervea. 

The cornea ffie. 1013) is the anterior, projectuig and transparent part of the 
external coat, which performs the major pan of the refraction of the raj's of light 
entering the eye. It is convex anicriorly, and projects as a nattened dome in from 
of the seJetn. lu degree of curvature varies in different individuals, and in Uic same 
individual at different periods of life, being more pronoujiced tn youdi than in old 
age. As the curvature of the cornea is greater than ihai of the rest of the cyebaD, u 
slight funtjw, called the ^tlrus jc/n-rt-, lies at the junctinn of the cornua and sclera. 
The cornea is dense and about 1 2 miti. thick round its pertphery^ and slightly 
Cbtnncr at its centre. It* anterior surface is BomewdLtt cEiptical, the tranaverse 
diameter being eiightly greatcf than the vertical. Its posterior surface is circular 
snd, because die comcosclcnkl junction is aligbtly oblique, is more extensive than 
the anterior surface. 

Structure (fig' 1015 ).— The cornea conxisis from before badewrards of four Inycis, 
via, t ( 1 } the comeal epitheliuui* continuous widi that of the coruunetiva ; (ij the 
jiubat^tia prEtprin ; (j> the posterior elastic lamina ; and (4) the me^othelium of the 
anterior chamticr 

The t^f^iiheUum covers the front id the cornea and geticmitv cen-ii^ts of 

five laj-ers of crib. ITe deepest cells arc columnar I their hiiml EuirfoE^ sre fiat and 
I heir outer surfaces rounded and they contain large round or oval nuclei, 'fht cells 
of tlhj second layer are pedyhedraf, with oval nuclei. In the superficial foyers ilU cells 
become progressively Itaiienid, but, unlike the superficial cells of the epidermis^ they 
eon tain Hattcned nuclei And they do not TtDittidlly bccoTne kemtinised. Must of the 
cclh of the comeal epitheliutii are prick]c-cdb, similar to tho^ of the gcrminativ'c 
2orie of the epidermis ip. M the aclerocoriMl junction (or limbusK the 

epithehuni beconies thicker (up to ten nr mon.^ tayera of cells) nnd is coiitinuoua'with 
tite conjunctiva covering the fmnt part of iJie ^leni (p. 1360). 

The ittbsiarffin pTQitrin is fibmut, mugh, unyit;lding and perfectly transparent. It is 
composed of about sixty flattened, sypertrupmurd lomelliHt. These l^cILe arc made up 
of bundles of modified connective d:^uc, the fibres of w hich are continuous with those 
of the ackcH^ I’he fibres of each bmclla are far rhe most part parallel with One another 
hut at righ I angles lo tSiosc o f adjacent kmeUic. Fibres, hnwever, frenuen Ely pass from 
one lamella to* the ntet. 

Between the Lamellae there ia n small arm^unt of greund-subscanre, in w^hich spsces 
are found, which are termed the r^rnm/ fpuffi. These are stellate in shape and com^ 
municatc with unc another by numerous otFsets, Each contains u cell, nsmed t hecomeo/ 
carpusclff resembling in form the space in which it is lodged, but tint entirely filling 

The inycr Immediately beneath the cortical epithelium presenTS certain character- 
sstics which liavc ktl aomc aniitnmists to regard it as a ilistinct membmne, and it has 
been named the iinfmor elastic Iftmtna. Jc consiits of extremely closely interwoven 
fibrib, similar ru tliosc found in the pubsmnim pngpria, but cuntaina no comeal 
corpuscles. 

The pnfffrittr ehisfk ittmiim covers the pE^ierior surface of the Eubsnuitin propria 
and is a fhiu, dasitic, transparent, hEunogeneous membrane. When stripped frotii the 
subHientia propria h curls up, and roll* upon itself with the atitiL-hed surfanre innemvost 
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Ae the margin f)!' the oarttta thi: posterior elsstic lomuiA brealui up in to fibres whidt 
form the tmbecular tissue on the imier wal] of the sinua vcnoaun aeScnc {p. 123S) ; iht 
spaces hetiveen the trabcfulit arc teirntd the tpacts af ihe iridocomeat angle; they 
ccmmuriicate with tite ainua venosus sclenc and with the antenor chamber. Some of 
the fibres of this tmbccuiar tissue paes on to the internal surface of the scleral spur and 
are continued into the substance of the iris* forming the peKtopci/e iigament 0/ the ira ; 
oibers are connected with the sloping external surface of the scler^ spur and a few 
reach the uJitcrior pari of the clioroid. 

The mesotMium of die unterif/r ch^rnl>€T covers die posterior surface of the posterior 
elastic kmina,. is rcfiecicd on to the front of the irisn and also lines the spaces of the 
iridocotTieoJ anfite ; it consists of a layer nf polygurcih Hattened, nucleated cells. 

Krjir/j arid ^VemrsK—Tlijc cortics Is a non-vascular stiucturc, the capillary^ V'essd* of 
the conjunctiva and sclera ending in kiopa nt its circumference. Ljmph % essela have 
not yet been dcjnonstrmted in ili but arc probably represented by the channels in which 
the nenes mn ; these channels arc lined by an endoEhelium. 'Lhc nerves (tee nlsc 
p. 0^4) arc numerous and are brunches of the ophthalmic derived fram tire 

ciliary nerves^ Arourui tlie periphery' of the comca they form an tuttfuinr plextUt from 
which fibres enter the subotantiii propria. They lose their mcdulkry sheatha and 
ramify throughout the substantia propria in a delicate network^ and dieir temiina] 
fihnnents fonn a firm sml elcu&er plexus beneath the corneal epithdiiun- lliii ia 
terrued the rnhepiiheiiaS plexm^ and from it fine, varieme fibrils arc ^iven off which 
rami^ between iht epitheliai cells, formln^j an mira-eptihelial piexfU. 


II. The Vasculah Coat (figs. 1013 and 101610 1019) 

lilt" vascular coat (or uveal tract) of the eye is formed from behind forward 4 S by 
the choroid, the cHiary body md the iris. 

The choroid covets the inne r surface of the sclera, and on tends as far forwards as 
the oca eerrata of the retina^ The ciliary body connects the anterior edge of the 
choroid with the circuinfcrrctice of the iris. The Iris is a circular diaphra^ behind 
the cornea, and presents near its centre the rounded aperture of the pnpiL 

The cboFoid is a thin, highly vascular membrane, of a dark brown or chcKoLiie 
colour,, lining the posterior five-sixths of the eyeball; it is pierced behind by ibc 
optic ner^e, and in this situation is firmly adherent to the sclera. It is thicket 
behind than in front. Its outer amfoEc is loosely connected with the sclera by the 
suprachoroid lamina (or lamina fusca of the sdera): its inner surface is attached 
to the pigitienitd layer of (he retina. 

Slruclure+—'ITie choroid con^isis mainly of n dcnBc capilkry plexus, and of snTidl 
arteries and vdns canyi nil blood to and from it. On its eirlcrnal surfucc is the iliin 
membrane, termed tupmcfx^srmd lamina, which is conipOMfd of delicate non- 
vascular laiocllir, each kmclk consisting of a netw^urk of fine clastic fihiys, amoEig 
which arc branched cells containing durk-bmwTi pigment granules. The spaces 
between the kmeltLc are Imtd by tnesothdinm, and open fn-cly into ihe ptnehomidd 
space, which, in k% turn, cocomunicatcs with the episcleral space at the points where 
the vessels and ncrvcs arc transiniHcd ih rough holes in the sclcm. 

1’hc t:hnTt>id proper lies inlCTnal to this lamina. It consis^rs of tw 0 iayert : an emter,^ 
composed of small arteries and veins, with pigmenf-cehs interspersed between thern ; 
and on inner, conaistinfj of a capillary plexus. The outer layer or Tmictdar lamina 
consists, in part, of the larger branches of the short posterior ctlisry snerics, which run 
forwards between the veins before they bend inwards to end in the capilkries, but ii 
formed principullv of veins, emmed, from ihrir arrangemem, the trjsrf (Eg* 

[016) ; tiiesc converge to four or five equidistant trunks, which pierce the sekra ohnut 
midway between the scIcnKomcal juncdoti and the entrance of ilic optic nerve. Intcr- 
itpcr^d between the vessels there arc dark star-shuiMid^ pigmcnt-cclU, the processes of 
which cnmniurticatc with those of neigHbdUfing cells, and form a debeate network or 
Btronui. wliich loses its pigmentary chanacter towards the inner surface of the choroid. 
The inner bycr^ or dforitKapillary lumina (lig. roi 3 > consists uf an cxcectlingly fine 
capillary pUx^. formed by the short dliary- vessels ; the network is closer nnd finer 
In the posterior than in the anterior part of the choroid. About % ts cm. bclilnd tlie 
cornea its roeshes becofne Larger, and are continuous with diofie of the ciliary p^yases. 
'J'hesc Eaminffi are connected by q intemtfdiam consisting of fine claNtic fibres. 

On the inner mrfattf of the diariocapillar>’ lamiiia is a very tbui, stfuciutelcss, or 
faintly fibrous mcmhraEie, called the imsai lamma ; it is closely connected with 
the stroma of tlie Lhoroid, and separates it from the pigmented kycr of the 
retina. 
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Taprwm.—In many anirruils the back part of ihc choroid prtrMiXi^ the 
which nrhcctA light attofigly givifig a groeniah iritlwcenl appearnnnr. It ciimists of 

scvcmi laycrtE, either of cells or 

Ftc. vein, cf the iVa^hn^.} c3«P to ihe flwrio- 

capillar>’ lamina. 








The ciliary body comprises 
the ciliary ring, the ciliary pro¬ 
cesses and the Ciliam mu^e. 

The dh'ary ring is a zone 
about 4 mni. In width, directly 
continuous with the anterior 
part of the choroid j it pre^nts 
nuinexiQus ridges arranged in a 
radial manner, but has no 
chotiocapillary lamina. 

The cib'ary procmes arc 
formed by the inward folding of 
the various laye rs of the choroid 
(i.e. the choroid proper and 
the basal laminaK and are 
received between correspon¬ 
ding foldings of tJ)c auspH^nsory 
ligament of the tens. They are 
arranged in a circle, and form 
sort of Mil behind the irifl+ round the margin of the lens (fig» 1017). TJiey vary 
to eight)' in number^ lie side by side, and may be divided into large 
ana small proccsscs ; thc former are about 2'5 mm. long, and the latter^ consisting 
of about onc-third of the endre number, arc situated in the spaces betw'ecn themi 
but without regular alternation. Each ib attached by its peripheral end to three or 
four of the ridges of thc ciliary ring { the opposite extremity is free and roundedi 
and is directed towards the posterior chamber of the eyeball and circumference of 
thc lens. In front, the dliar)- proct^scs arc continuous with the periphery of 
thc iris. Their posterior surfaces arc eonnected witli tlie suspensory ligament of 
the lens. 


Flo. ICI 7 .—The imen'or of itie antet-iar half of tJbe cj'ehalL 



KfTtsio 

^lUorif 
fVf 17101 


Siruciure.—rhe ciJuiry processes are similar in smiciure to the choroid but the 
vessels m larger and have chiellr n din«ctiDn. Their posterior surfaces 

are covered by die cjIkit^' part <fj (bf raiim, continued frorn die nervous past of the 
retina forwards bc^Tim) the ora serratap and comisting of an qufer layer of cubical 
pigtilcnt-celjii. And an inner layer of columnar cells which are not ptErmented. In ihc 
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stronia of the cilifity prciccS3es Uitrc are also stefiljitc pi|?mcfit“C*jlLip but these arc not *0 
TiumcitiuSi ££ Ln die ehomid itswlh 

The Ciitaris musck (fig. 1014) conaiats of unstriped fibrw i it forms a grtybh^ 
scEEutmnaparent, ciroilar band* about 6 nun. broad, on the outer suifacc of the fote^ 
part of the choroid. It cortsista of meridionaJ and eircuLar fibres. The rnmdimat 
fibres* much the more mimerouSp arise from the posterior margin of the scleral spur 
(p, 12^7); they ruii backwards^ and are att-ichcd to the ciliary' protr^a and iing» 
The nrculiir fibro arc intemal to die meridional ones^ and in a meridional section 
appear aa a triangular zone behind the i ridDcomeal angle and close to the circutnfer-^ 
once of the iris j ihty arc well devetoped in hypcnnetropiCp but are nidimcntaTy or 
absent in myopic, eyes. The Ciliaris muscle is the chief agent to accornmodatioOp 
i^e. in adjusting the eye to the vision 

Fio. tQiB .—A ifin^inrimu-c rcpr«cntiition of 
the coiLTic of ihc of the eye- trariioii- 

Ut tection^ (t-eher.) Aneriei liid eapihiricj 
Tcd i vein* Mm. 


of near objects. ^Vhen it contracts^ 
it draws forwards the dliary' 
procesaeSp relax:c 3 the suspensory 
ligament of the lens* and thus allows 
the lens, because of its inhered L 
elasticity^ to become more convex. 

The iris has received its name 
from the various colours it presents 
in different individuals. It is a thiOp 
circular, contractile disc* suspended 
in the aqueouG humour between the 
cornea and the lens, and perforated 
a liitk 10 the nasal side of its centre 
by the ci rcubr aperture of the pvpii. 

Its periphery' is attached to the 
middle of the anterior surface of the 
ciliary botiy, and is also connected 
with the posterior elastic lamina of 
the cornea by means of the pectinate 
ligament; its fiaitenvd &urlaues Ido k 
JVinvards and hacku^rds, the anterior 
to^iards the cornea, the poatcrior 
towards the ciliary processes and 
lens. The iris divides the apace 
between the lens and the comai into 
an anterior and a posterior chamber 
^ ' Tht: anftriiit chfimbtr oi 

is bounded in (mni by the 
posterior surface of the cornea* 
behind by the front of the iris* and, 
opp{»site the pupil ^ by the cenmil 
pari of the front of the lens. 'Ehu 
part of thi» space between tlit 
peripheral part of the iris on the one 
hand and the scleral Spur and 
trabccuLir tissue in tlic medial wall 
of the sinus venosus sclera on the 
other is termed the mdo^^rntai 
owjf/f. The posirrif^ ckfmhfr is a 
narrow chink behind the iris, and in 
front of tin; lens and its suspensory 
ligament, tn the adult the two 
chambers communicate through the pupil p hut in the feetus up to the seventh month 
they are scpamied by pupmary (p^ 

Tlic colour of riic iris is produced by the reflection of light from dark pigment 
cells underlving a translucent tissucp and is therefore determined by the amount 
of the pigment and its distribution throughout the texture of the iriSi The number 
and the gituation of the pigmeni-cella differ in different irises. In the albino 
pigment is absent; in the ™ions shades of blue eyes the pigfuent-cells are 
confined to the posterior surface of the iris, whereas in gmy, brown, and bladt 


Ecarwitf tiS flpiic iHfvfl, ff, Slwrt poatnw dikff 
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eyes pigment k fo^iivi also in the celh of the stmma and in those of the meso- 
thclitim on the front of the iris. 

Structure.—Tht iris k composed of fhe following structures : 

1, in the front there k n layer of flattened mesothclilil ecIU, placed on a ddtaire 
hyoJine hasetnenC’-nicmbrane. 

Jayer of cclb k continttnus with the mcsothclium corering the posleraor 
elnfitio lamina of the cornea, end in indi^'iduaJs with dark cyei thfi eclk contain 
pigmetit-greiiuLce^ 

2. The ffToaiM of tlie irk coimiats of connKiive tjssue-fibrcf snd cclk. A few 
fibres at the drcumfcrcnce of the irk Iwt a dreuJar direction 3 but the m^ority are 


Fjo. iCJifl.—Ilie itiiy viewed fimn m ftonr, wilt jtx drculiB iftetionn imijor ind 
circidus arterjuua ntirbor^ (Tcstul.) 



CIwiMil ^ trii. rf. ^upiL I mnd t\ Th* (mei Ima rilivr utnia with 

btf^lMn £ i, Oidf brndaw -of bifim^iioB, Xh* lAEm 
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amiiiKcd radinlly. foimiiig, by ihctr iattrlaccnient, ddicafts racshw, tn ¥fhith the 
ve$9d$ and nerves aie ccnlained. Interspeised between ihc bundJes of connccti^'t 
tissue there are numerous branched cell* with fine processes, tn daA eyes renny of 
these cell* contain pi^^ni-ipanulcs. but tn blue eye* Mid the eye* of albinos 
they are unpiginented. *rhe pigineni cells are most numemus in die anterior part 
of the itfwm. ^ 

3. The iHutealar jihra are involuntflry, anti consist of eircuEar and rodiatine 
fibres. 'ITic fir/Mlar JUirrx form the Spbincicr pupitl®; they are arranged in a band 
about 1 nun. wide which surround* the margin of the pupil, towards the posterior 
surface of the iris ; those ncarthe free margin of the band are closely aggregated ; those 
near ibc periphery arc somewhat separated oml form incomplete ctrd«. 'I*hc nidiaiing 
filtrfs form the DilBUfnr pupil he and lie dose to the posterior surlice of the iris- 
they conwrijc from the circumllFicnce toward* the centre, and blend with the cireular 
fibres near the margin of the pupil. The muscle fibres of both the Diktator and ilic 
Sphincter pupilW are dcrimd frutn the cell* of the outer layer of the optic cup and 
an; therefore cffodmnuf in origin. 

4. The posterior surfiicc of rhe iris is of a deep purple tun, being covered by two 
layer* of pigmented epithelial cells, cotiiinuous at the periphety of tlic iris with the dlkry 
part of the redna. 'rbia pigmented epithelium is called the iridial part uf the retina 
(p. IZ 43 ). 

Vetult and Amw.—The aritritt o/ the irij are derived ftma the long posterior 
and the anterior ciliary arteries, and from the vcsm-Is of the ciliary processes Each 
of the two long dliaiy arlerics, on reaching the attached margin of the iris divides 
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into an upper and o lower hranch ; these ona^tonTOtie with cnirKpofiding branchta of 
the Jtrteiy from the opposite aide and with the anterior ciliary Hrtcrieii, and form ■ 
vascular circle (atciJm orteriona fnajor}. Frntfp th'm ciretc vessels con^^eri^ to the 
free marg^m of the iris^ and there cornmunicate and form a $c€oricl circle (circvifiif 
arttriumi rTunt^r) (hg, 1019). 

The wertftr oj tJtarmii iris are the long and tlicjft cihBry ncrv'cs the former 
arcbrnncheaofthe nasociliary ntm, the la ttcr of the ciliary gangiion. Tlufy pie ree the 
sciera around the cntrencc of the optic nerve, run forwards in the pcrichcfoidal space, 
and supply the hlotKl-vesscb of the choroid and the Cdiary muscle k After reaching 
the irca they form a plexus axoiuid ita auacbed tna^n; from thii are derived non- 
medullated fibres whitb cud in the Sphtnecer and Dlklator pupilke^ Other hbres from 
the plexus end in a fictwurk on the ontedor surface of the iria. Tlie iihre$ derived 
thrcjugh the motor (pamsympuithetic) root of tlie ciliapnglion from the oculomotor 
nerve supply ibe Spblisctcr pupilUc and the Ciliaris musde ; the aympathetk: fibres 
in. the long dliary nerves supply the Dilatator pupil be. 

^derdb^a£la papUlaxis. —In the fortusp the pupil is dosed by a delicate, vascular 
membninc, temied the (p, 'rhe veucis of this membrane aie 

partly derived from those of the margin of the iris and partly from those of the capsule 
of tile leas ; they end in loops a short distance from tlie centre of the membrane* 
lyhich is thus left free from blDod-vessels. About the vixth month of intrauterine 
life the mcrnbranc begins to disappear by absorption from the centre towards the 
drcuiiiferen.cc, and at birth only a few^ fragments are present ; in exceptional cases 
it persists. 

111 . Ths Retjna (figp toi^) 

The retina is a delicate, nervous membr^ei which ia specially adapted for the 
reception of U^ht stimuli. Its outer surface ls In contact with the cKoroid ; its inner 
with the hyaloid membrane of the vitreous body. Posteriorly it is contiituous with 
the optic nen^e; it gradually diminishes in thickness from behind forwarda and, just 
behind the diiajy body, it presents a jagged margin named the om wrrdfrt. Here the 
nm ous ti^ues of the rettna end, but a thin prolongation of the membrane extends 
for^vards over the back of tlie proceases and ms^ forming the cilkTy and 

iridkl f^is 0/ the rttina. This forward prolongation consists of the pigmented 
layer of the retina together with a deeper stratum of columnar epithelium ; in the 
indial part of the retina both layers of epithelium are cubical and pigmented. The 
part of the retiiia extending from the optic disc to the ora serrata is known as the 
Viptic fi&ft of the The retina is soft, translucent, tmd of a purple tint in the 

fresh statc^ owing to the presence of a colounng material» named rkodopsin, or tfirual 
purplf ; hut it soon becomes clouded^ opaque, and bleached when exposed to lights 
.\ear the centre of the posterior part of ihc rcTina (here is an oval, yellowish area* 
named the trui^Ju lutf n (Hg. loaoh where the visual sense is most perfect; it shows 
a centra] depression^ termed the rentralh* At the fovea centralis the retina is 
exceedingly thin, somt of its Jaycis ha'^ing practically disappeared here, and (he 
dark colour of (he choroid is distinctly aeen through it. Aln^ut 3 mm. to the nasal 
side of (he iftacula lutea the optic nerve pierces the retina ai the ^ptic i/irc, wluch 
has a diameter of about 1-5 mm. The circumference of the disc is slightly raised^ 
while the central part presents a depression,^ The centre of the disc is pierced by 
the central artery and vein of the retina {fig, lo^i). The optic disc is insensitive 
to Jight, and is termed the ' blind spot \ (In ophthalmoscopic examination the 
normal disc is seen to be pink in colour due to the capillar>' vessels on its surface ; 
it is much paler than (he retina. Tn cases of optic atmphy the capillar^' v^sek 
disappear and the disc appears white, llic name 'optic papilEa^ applied to ihc 
disc IS inisleadlng since the normaJ disc lies in the same plane as the surrounding 
retina. 

Scnictnre (fip. J 02a, 1023).—The rcuina consists of an outer pigmented layer and 
an inner nervous stratum or retina proper. ITicsc layers are developed rcapcctively 
from (he Outer and inner kyers of the optic cup (p. 146). 

The pigmented layer is a single Atratum ot cellSr VVhen viewed from the ouier 
surface these cells arc smooch and hexagonal in flbape ; when seen in section each cell 
consists of on outer uDn^pigmefitcd port containing a large o^'^l nucleus, and an inner 
pigmented portion w^hich extends as a series of straight thread-like processes berween 
the rCHUi the amount of pigment between the rods being greater when the eye has been 
exposed tn tiglii. I ft the eyes of albinoa the cells of tiie layer ure deAtiiute of pstfrewnt- 
'I*hc pigment]^ layer la more firmly attached to die choroid than to the retina proper. 
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ao ihfl! In the ditiical c^otidinan of * detaclunenr of ihc miriA ' the sepitratiun occursp 
not between the retina and the chonoid,, but bcrw.i:esn the rwr> layers of the relim, ix- 
abn^ the plwne of the embryonic »pacc beiwcen the layei^ of the opijc eup. 

Retina proper.*—^Thc ner- 
voua atmcturcs of the tetirui 
proper art ^opported by a series 
of noD-nertrouSp or sustcn&c^ 
ularfibrcsptinclr^vhen inwmintd 
mitroacopkally by means of 
Kctians made perpendicular to 
tht sarfact of iht rtetna {figs. 
loiz ami toa^) are found to 
comprise seven Inyeta^ named 
from wi thoui inwards as follows: 

I. Layer of rods and cones, 
z. Outer nuclear layer. 

3. Outer pletiform layer. 

4. T liner nuclear layer. 

5. Inner pIcTtiform layer. 

6^ GaTL^lionic layen 
7. Stimtum opticum. 

The light reaches the stratum 
opticum brst aneJt after rmvets- 
ing all the other layers, finally 
affcctfi the rods and ooiic^ in 
the outermost layer^ The nerve 
Impukea which mult fmm 
the stimulation of these photo- 
rcceptots then pasa through the 
layers in die niimcrical order 
given above. 

(1) Layer p/ rods oones ^—^fhe elements of this layer &re of two kinds, rods and 

ewief* the former being more nuniemi^ than the latter except m the macula lutea. 
Over a diameter of o j mm. In the fovea centralis rods are completely i^bsenu 

'^rhe rods and cones are the phototeceptoirs of the retina and each is part of a 
neurone, the other portlona of which arc contained in the outer nuclear and outer 
plexiform byers (fig. 1033). 

The rodi are cy'lindricah of nearly uniform thickness, and arc arranged perpend icu- 
latly to the surface of the retina. Each consist^ of two segments^ an outer and an inner^ 
of about equal lengths and difi^cring one from another as regards refraction and in thi^ir 
behaviour towards coEounng rcagenta. Visusl purpb is found in only the outer seg¬ 
ment* of the mds. The inner or deep ends rest against the membrarLii limitnns 
exTema and, through holes in the btterp are continuuua with the other parts of the 
rod neurones in the outer nuclear taycr. 

The foffrs are cnnicaJ^ tlicir broad ends resting on the ntcmhnina limitans extemaH 
thfiir pointed extremities facing towards the chomid. Each consists of nvo segments 
separated by a dividing xone ohnwing a higher refnetian. The cute r segmen t b narrow 
and conical ; the inner is rather wider and somcW'hat cylindrical bi shape. The conra 
arc usually slightly ohorterthan the nods of the same region and the inner segments are 
three to four times the thickness of the eorresponding segments of the adjateni mds^ 
Through holes in the membrana litnitnns externa pa;^ constricted protoplasmic necks, 
which connect the inner segments of the cones proper with the other parts of the cone 
nrurunea in the outer nuclear layer. 

(i) The outer mjffwir iiiyw,--This layer containi tlic ccihbodics of the rcMd and cone 
neurones^ termed the rod-granules sirtd the conc-granutes. The rod^grmtuia are placed 
at dilTcrent Ic%'el5 throughout the layer. Each contaJas a nucleus, which almost com¬ 
pletely fttb it, and ii connected by a peripheral termed the ouSer rod-^ret w'lth 

the inntr segment of a rod. Eo^ rod-granule also aends a cendtiL process, the mtftr 
rod-fihre, into the outer pJexifertm layer whei^ it ctKis in a small, smooth, ova! aW'cthng 
tenned the rod^pheruk. ^fbe eaHe-granuUs are found in the pan of the outer nuclear 
layer near the pientbrana limitons exiema. Each contains a ^hcricol nucleus and is 
continuous^ by a ccnstrictcd neck, with the inner degment of a cone, A thick central 
process b given off from each conc-granuk and it passes inta the outer plcxiform layer 
where it expands into a pyianudol enlargement, the «ww foo(-phre or cone-pedkle, 
from which fiuanerous fine fibrils originate. 

• For a complete aceoimt of reiirial jtmeturc. i« The RttinOt by S. L- Foh'ok. Univ, of 
Chiaigo PrfcM, t^t. 


FiO. 1030.^—^rhe macula lutcii, the optic disc and tlvn 
retiruil hlaod-vcssels of left eye os seen on 
OphthiilmoACopic cx£jni Hill ion. 
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(3) 771^ ijMtjFr ple^fQrm hytTr —This it much tht thinner tif riii: two plcjrifuim layen, 
ll contains the -spherules aiiid cone foot-plates and the peripheral processes of dclla 
of the inner nuclear layer which are fonnmg synapses mth thm. 

(4) T/te inner ntidear Inyer^ — Thh layer is made up of dosely packed cells of 
which there are three varieties^ via.: bipolar ceUs, horizontal cells and amnerine 
ceils. 

The bipolar edit. —There are two niaut vnuietJes of bipolar cells ; oncp the * midget * 
bipolar cells, which form synapses in the outer plexifoiTn kyer with the fooi-pkles of 
individual cone-cells onJy^ and the other bipolar^ which form synapses with both rod- 
spherules and cone fcKst-plates. In both cases the axons of the bipolar cells pa^ into 
the inner plcaiforcn layer to foirn s>Tiffpse8 with the dendrites of ganglion cells of 
layer 6. Some of the axons of the second i^ariety of bipolar cells pass into layer 6 and 
form synapses with the cell bodiea of the ganglion cells, 

T?ic hammtal —These pre found in the outer part of fhc inner nuclear layer. 

They probably connszet cones of one part of the rctimi st ith rtnh and cones of adjacent 
parts. 


FlO. lOal.—llarnxintHl sEctiozh ihiiHigh the optic nerve at iti point of 
entrance into ihe eyeball. |J rimtin,) (After Sobettii.) 



jWirffl 


qf nrfiMd: 


Tfte Oftvjcrirje erth *—These are found rnemly in the inner pan of the inner nuclear 
[aver and were origtmiJly named * atn^orine * on the incorrect assumption that they had 
no axons. Somi? of the cclk otiginaliy included in thk group 4re probably neuroglial 
in chameter and belong to die supporting frtmiework of the retitin. Others^ how'cvcr, 
arc tnic neutones^ the function of which k uncertain, ft k possible that some act u 
centrifugal bipolar ncumoes* conrvecting the ganiftinn cells of layer 6 and centrifugal 
hbrcfl from the stratum opiicum on the one hand^ with the cone b?ot-plates on the other 
hand. Other omacrine cells possibly Intercept impulses from bipolar neurones and 
spread them to nearby parts of the ganglkin cell layer* 

(5> The irmer plext/arm fa^vr.—This contains the dendrites of the ganglion cells of 
layer 6 and the central prueme* of the bipolar cells which one forming ss'napses with 
thcTTli 

(b> The ^gHmi£ layer consists of a single layer of large nen'e-cells> except in the 
macula lutca, w here there arc several streta- 'I'he «Us are somim hat Rash-ahaped, the 
rounded internal surface of each being in contact mlh, and ^nditig an Mon into^ the 
stratum opticum. From the opposite end numerous dendrites esiend Into the inner 
plexifoim layer, where they feum flsttelwd aiborisations at different Icvck. The 
ganglion-celU varv much in size, and the dent!rites of the amallcr ones (* midget* 
ganglion cells) ofEcn arborise in the inner plesiform layer as 5tw>n tLs they enter it, 
and form aynapsea w ith the central processes <jf the ' midget ' biptski^. llm dendrites 
of the larger cells mmily clc»e to the inner nuclear kycr^ 

The slnitum opftrtm nr layer a/ aent-fibret is formed by the axons of the cells 
of the ganglionic layer j it la thickest near ihc optic disc, gmiiually thinning towards 
the lira. seniiTa. ''l^e fibres form intercommunicating nenvarks from which neni'o 
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bkirLdtefi convcrijc idMarda the optic disc. The nerv'cs arc unmcdulialed urtd, pasairiK 
through ihc lamina cribrosa^ they Actitiirc myehn sheith* and constilvtc the hbres of 
the optic nerve. As in the case of the fibres in tlire eentraJ nervous these optic 

nerve-fibies arc dct^id of a fieurnlcmma. A few fibres in the stramoi opticum 
ginate in The brain and end by ramifying aiound smacrine cells and among other 
clctrientj of the inner nuclear layer of the retina^ Tiw retinal blood-viMsels lie mainly 
In the stralutn opilcum (p. 1247). ^ 

Supp^ritnffJramiTiffjrk 0/ tht retina. —-llie nervcHia layers of the tchna are connected 
together by a supporting framework, faimed by the jwtcnlat^i^ar fibres (fig, J023>; 
these fibres pass through all the nervous byers. except thac of the rods and cones. 
Kach fibre begins on the inner surface of the retina by an expanded, often forked, 
base, which lomcumcs contains a spheToidal body, sl^initig deeply Tvith hsematoxyliti j 
the edges of the bases of adjoining fibres are uniTcd to form the maffbrana Umiiani 
interna. .A? the suitentacu Inr fibres paas through the stratum optituni and the g^gli- 
onic layei- they send off a few lateral branches ; in the inner nuclear layer they gi ve off 
numerous lateral ptoceasea for the support of the bipolar cells, while in the outer 
nuclear layer they form a network and unite to form the ftterabmifa Umtianj externa at 

FlOi 1033.—A section through the irdna (human). {After Sobotta.) 



the of the roda and conex- At the level of the inner nuclear layer each susten* 
tactibr fibre contflim a deaf oval nucleus, 

Siructursaf the tutea and fovea emtraUf^ — At the fovea centnilifl there are no 

rods, end the cones are longer and thinner than in other pana of the The ncrVC’^ 

fibre layer disappears at the maf^n of the fovea, and the other rednoj layera are 
eatremcly thin. The pigment-cdls are lar^ and web maikcd. At the circumference 
of tile foWa the retina rapidly Locrcaraes in thickness, so that this part of the macula 
lutca has a grealcr depth than soy other part of the retina. All the layers are involved 
in this incrcasCh hut especially the ganghomi- kyer, in which the cells ate six to eight 
deep. Tht yellow colour of the macrub seems to imbue all the layers except that of the 
rods and cones; it is deepest towards the iDentre of the macula^ and does iKit appear 
to be due m pigmcnt-cclIs, but simply to a staining of the conadtuent parts, 'The 
fcivca^ lying on the optic axis at ihe posterior pole of ihe cycbdl, is the rs^on of most 
acute vision. Here the retina consista almost solely of cones imd containii no blood 
vessels, SO that light impingra almost directly on the receptor elements (com^), 
Fiuther, each cone is cMnotcied through one bipolar cell to one ganglion cell, resulting 
in grrater aeuiiy of vision. Jo more petiphcnil pam of the Tctinn, a bipaUr cell i* 
connected to a number of rods and cones, so that (spatial) summatjnn of subliminaJ 
liglu atimuli can occut^ thmigh this arrangement results in a lesser degn^ of acuity 
of vision. 

At the oro trrrata the nervous lay era of tlte retina end abmptly, and the retina h 
continued onwarde as a single layer of colunmar cdla along with the pigmented layer. 
ThU double layer ia know-n as the cUiary part of the retitutf and can be irmced forwirda 
fftrtii the ciliary processes on to ih* back of the iris, where it is icnned the iridiai part of 
tfte retina, in which both Uyera of cells are pigmcnied (p. 1243). 
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Fhe c&niriU errt^ty of thf Trttmt (fig* 1020) find its acitompanyrng vein pierce the 
inferomediftl surface of the nptiy ntr^'c i '25 cm. behind the cyebill. And efiter bulb 
of the eje at the eentnr of the dptic disc. The orters- imitwdiately bifurcates into an 
upper BJid fl iOTver branchy and each of these sgnin divides into b nasal nnd a ^eiupora] 


Fia. iMj,—A icbeme of the rclinti neurones, {Piagitimmaiic* btodified frqin 

PoIjmfcJ 



I, La^iCf rodi ud v. Oia^r iwcE^ Ui^+ ^ OtaufjpleQfQinn Icycr. 4. bmfr 

^"■rftef kSrnt. 5. Imur Alaufeno lircf. 6. GHitlkmic 7 ^ ^uant ofitioiffi. 

Pl KjfmtfrtmJ liTcr, Q, JimiiMH* cuttrAA. R. Mr^nbiwu Ijiiiituia mtemL 

Ofta pvfCHiiicutjir U radicatid In the centre Of lb* djaianm, AA. Rods. BB. Cooo. 
C-Hort»T7l»i Oettr P ffut £-BipoUrnlii (iatBidu ueafiHCi witb rotk ud: canm. FF.'Slid^' 
bipelu edLE* tjriuptiiiff wit^ cona Only. JifC AmBodne hUj. LLI^ MJdffirt vHixclkTfi . 
Other faejrlWi edis. Aittfwt ibt [xrobiblf dincxmii cHT aen^lfflpuk^ 


branch, which at first run bclvi'ccti ihir h>*aldM membrane and the nervtnifi layer ; 
but they soon enter the latter, and p&ss forH-ardSp dividing dichotomnualy. From 
rbfiEe branches a minute capillar}’ plexus is given off, which doe* nol extend heyend 
the Inner nudear layer* I'he layer of rtida and cones and the outer nuclear layer ore 
avnscular and are naurished by diffusion from the choriocapillBry lamina of the 
chomid (p* The macula recdvcs two small brandies (supedur and inferior 

moculor auterjcs) from the temporal branchesp and small twigs directly from the ccnmil 
flpery ; these do notp howeverp reach n$ far as the fovea centnlisp which has no hloi^^ 
vea^cl^. The bronckes of the artetia centralis retina: do not anastomose with «M:h 
other Of with airy other vcssela^in other word*, they arc tetminsl arteries. In the 
fomjH, SI small vesaeh termed the hyaloid artciy^ passirs forwards ba a coiitinuntion of 
the central artery of the retina through the vitreous humour to the posterior iurfuce 
of the capsule of the lens, 

'fhe retina] s’etns accompany the arteries and the central vein of the retina ends 
Usually in the cavernous sinus p after giving off a bmnch to ihc superior ophthalmic 
Vein I sometimes it ends solely in the hitter ^'eln. 
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The of the Eyeball 

The contepia of the eyeball are the aqueous humour, the vitreous body and the 
lens. All pky a part in refracting the rays emeriug the eye and the refracting power 
of the lens can be varied for near or far visioti- 

L The Aqueous Humour 

The aqueous humour hits the anterior and posterior ehambets of the eyeball 
(fig. joi 3), It is small in quantity and is formed as a dialysatc from the capillaries 
ofthc tilianr processes, from which it passes into the pnstenor chamber, f hence 
it passes into the anterior chamber through the pupillary aperture and escapes 
from the iridocorneal angle inio the anterior ciliary veitw, Uirougb the spaces of 
the angle and the sinus vetiosus scleras Interference with the resotption of the 
aqueous humour into the sinus venosua sclera: results in increase of the intra¬ 
ocular tension—the condition hnown as glaucoma. The optic disc becomes cupped 
and, owing lo dcgencrativt cliangcs in the JWrmjua elements of the rirtin^ prtidnced 
by pressure, bllndne^ cvciimaUT results, I'hc oi>emtion of iridectomy, performed 
in the earlier stages of the dtscasc, re-estabEshes the floiv of the aqueous humour 
from ti^e posTcrior chamber to the anterior, in eases where the disease is due to 
adhestonB between the iris and the kos, 

IE 'Fue ViTlEEOUs Body 

't‘hc viu-eoiis body (fig. tot3) occupies about four-fifths of the cycbalL It fills 
the concavity of the retina, and ia hollowed in from, forming a deep concavity, termed 
the hyaloid fossa, for the reception of the lens. It u a colourless, structureless, 

transparent gel, consbihag of about 99 per cent of 
whaler, with salts and a little mucoprotein 

(vitrein) and hyiduronic acid. Only after fiKation 
docs it appear to hav'c a hbrillar stroma (thr 
vifrious the meshes of which are filled 

with a watery vitrfous humooK At iw periphery 
the gel is condensed to form the so-called vitreous 
{hynioid) membram. A narrow^ canal, called the 
hvaioid cmal^ nin$ from the optic disc to the 
ivaitro of tlie posterior surface of the Icna, In tltc 
fcctua the canal is occupied hy the h^nloid atten^ 
(p. 148)^ which normidiy disappear before birth. 
The vitreous membrane is adherent to the retina 
in tw o places* namely at the optic disc and Lmmed lately Ln front of the oni aertata. 
In the laiier situation it is thickened hy the accession of radial fibres and is termed 
the eifiary' zonuh. Here the membrane presents a serkm of radially arranged 
furrows^ in w hich the ciliary processes are accommodated and to w hich they lidherc, 
as is shrmn by the fact that when they are removed eimie of their pigrnent remains 
aiiachcd to the :ronuk. The dlian- Konuk splits into two layers, one of which is 
thin and lines the hploid fn&sn of the vitreous body ; the other, forming a system 
of zonuliir fibres which collectively conipriies the suspensory Hgfjtmmf of jfte htis, h 
thicker anJ passim over the ciliary^ body to be attached to the oipsiiJc of the lens a 
short distance In front of its equator; some of the fibr^ of the suspensory ligament 
art atmehed behind the equator of the lens (fig. loip. Scattered and delicate 
fibres are also altachtrd i<i the rtJgion ofthc eqttator itselE ThU hgament reiains the 
lens in posiijon* and La relaxed by the exmtractlon of the meridional ribres of the 
Ciliary' muscle, so that the lens iB allowed to become more convex (p. 1241). 
Encircling the equator of the lens. l>etweeu the anterior and posterior fibres of 
the suspensory ligament, there is ascrics of saccubted spaces called t he zouuiar spaces* 
No blood-vessda penetrate the vitreous body; so that its nutrition intisc he 
carried on by the vessels of the retina and ciliary processes^ aituated upon its cxtcriorK 

HE The Lens 

The kfis (fig^ lOJ jJt encli^sed in its capsule^ b situated immediately behind the 
irbt in front of the vitreous body^ and La encircled by the dliary processes, w^hidi 
slightly overlap iia margin. 


Fro. I02i|,—The koi. hardened 
aod. divided. (Enlarged.) 



Tf[E LEN’S 




The capsutt of the teas is 3 trxntpftrent, stnictureicss membrane which cla«)v 
sujTotinds ihe lem. and is thicker in front than behind. !t is brittle but highly 
clastic, and ivhcn it is ruptured the tdg^frull 
lip mih the cuter surface Lnncmioitt. The lens 
neats, behind, in the hyaloid fossa on the fore¬ 
part of the vitreous body; in front, it is in contact 
with the free border of the iris, hut recedes from 


Fio. 1017.—A frection tliroLigh the 
muripri qf the lenE^ the 

lianJutLon of iht: col Ultlnar epii- 
theUyni tmo the Irna-Hhrefl. 
tEahiichin.) 


F10+ 10^5,—A dfn^rom thoviine the direction tmd 
arranji^^smeint ef the ndinfinR lines on the 
leiji, A. On the Iwtdi. n. On the front. 




it at the eirctiinfcrencc, ditis forming the 
posterior chamber of the eye ; rt is rctalued in 
its petition chiefly by the suspensory ligament 
already described. 

1 he /rnr is a transparent, biconves body, the 
convexity of its anterior being less than ttiai of 
posterior surface. The central points of 
these surfaces arc termed respectively the 
and p^tfii^r po/ri ; a line connecting the polo 
constitutes the axtt of the Ichs^ while the 
marginal circumference is termed the rquatar. 

Flo. 1016.—pjtifile virw* of the lem At difTcmm 
petiodi of life. 





I . ta tbt tortuA. In wJuJi 


Structure.—Tl>e leru is made up of soft 
corticul substance and a rura^ cemud part, the 
galled nucleus (flg. 1024), Faint autural lines 
[mdi] Iciitia] nidiatc from the point ip ibe ecpiac^r* 
in the adult there may be aik or more of th^ 
lines, but in the fuMtis there arc only three, and 
the?ic diverge in a V-sbaped manner rI anglei 
of 120'^: pTi the anirripr surface the V is upnght 
Cfig. 1025, B) ; pn the posterior surface the V is 
myetted (fig. 10^5, A).* These lines correspond 

the free ^gea of arpla comt^oed of m amorphous aulHbince, wliich dip into the 
*uh*ft.n« of tht Iflua IVhco thr lrr,i h«w b«n it of * 

MHrt of wncentn^lly arraoeed Ijimina:, twh of wbiefi is intcmioted nt tht s«t>u 
ftaeh Iftmina ii built up of n number of ribbonthe edjjct of which 

b "zt f,s. *' 
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arc mure or less MrratL'd—serratians fitting bctvi'ccn those of nclf+bbcuinllg EhreS, 
whilif the ends nf tbe fibres come mio apposition at the septu. Tlie fibres run in 
a curved manner fmm the septa on the anterior surface to those on the posterior sutfacc, 
No fibres frqm pfile to polc p they are nrningccl in Aueb a way that those which 
begin near the pole on one surface of the lens end near the peripheral extremity on 
ihc other, and vi^ vena. The hbrea of the outer layent of the lens arc imcleated, 
and together fnmi a nuclear layer^ most distinct towards the equator^ The anterior 
surface of the lens is covered by a layer of transparent, nucleated columnar epithelium. 
At the equator the cells become elongated, and their giailuiil transition imo lens- 
hbrets can he traced (hg. rozy). 

In thgfcEtus^ the lens is Ercarly spherical zud has s slightly reddish tint; it is soft 
and breaks down readUy on the slightest pressure. A small branch {hyaloid artery) 
from the ecntral artery of the retina runs for>vards through the vitreous body to the 
posterior part of the capsule of the lens, where its branches radiate, forn^inga plexi- 
form network which cover? the posterior surface of the capsule, and is continuous 
round the margin of the capsule w^th the vessels of the pupillary^ membrane and with 
those of the iris. In ihf aJuif, the lens is colourless, transparent^ firm in texture and 
devoid of vessels. In old it becomes flattened on both surfaces (tig. 1026), sUghtly 
opaque^ of an amber tint and increased in density + In the condition termed 
cataract the lens gradually becomes opaque and blindness ensues, in euck cases 
sight may be restored by extraction of the lens and the provision of suitable glasses. 

and AVrttt.—’The artiTJEs of the eyeball are the long, shorty and anterior 
ciliary artenesr nnd the central artery of the retina, I'hey hove already been described 
(pp, 1242 and 1247k 

The vrmi arc seen on the outer surface of the choroid, and art named, from 

ikeir arraitircmcnE, the tenrf vortteoi^e ; they converge to four or fisne equidistant 
trunks, which pierce the sclera midway betw'ecn the sclerocomeal junction and the 
optic disc* Another &tt of veins dccnmpanics the Hnterior eilipry arteries. All these 
veins open into the ophthalmic ^'cins. 

*Jlie eff/k/y Htrvft are derived from the nasociliary' ner^^c nnd from the ciliary 
ganglion. 

Tm Accessory Organs df toe Eye 

The accessory organs of the cyo include the orbital muscles, the fascia, the eye¬ 
brow's, the eyelids, the conjunctiva and the lacrimal apparatus^ 


The Orhital Muscles 

The orbital muscle* are the i 

Lc^^ato r palpeb rat supe rioris. Re ctus mcdlalis. 

Rectus superior* Rectus lateralis. 

Rectus inferior. Ob! sq u us supe ri or. 

Obliquus inferior. 

The Levator palpebra superioris (figs. 1028, locq) is thin and triangular in 
shape^ It arises from the under surface of the lesser wing of the sphenoid bone, 
above and in front of the opde canal, from w^hich it is separated by the origin of 
the Rectus superior. At its origin, it is narrow' and tendinous but soon becomes 
broad and fleshy, the mediaJ margin of liie muscle being almost straight, while the 
lateral margin is Concave. The musde ends anteriorly in a wide aponeurosis which 
splits into two hmellic. Some of the fibres of the superficial lamella are attached to 
the anterior surface of the superior tarsus (p, 1258), while others radiate and pass 
through the overlying Orbicularis oculi to the s^in of the upper eyelid, llie deep 
lamella consists of non-atrlped muscular fibres ^ ■ it is attached directly to the upper 
maigin of the superior tarsus and is covered by conjunctivs on its inferior surface. 

The fascial sheaths of the Lc^-ator palpebne superioris and Rectus superior fuse. 
Where the two mtiscles separste to reach their insertions, the fascia between them 
forma fk thick mass which is fixed to the superior conjunctival fombe and is described 
0$ an additional inaertion of the Levator polpcbrse superioris. tmeed laterally 

* A lew well marked layer of nun^striped muscle IS also present in the Inwer eyelid l tt 
unites the inferior tarsus lo the foscinl ihcnth of the Inferior rectus and tli cjtpanvlUn lo 'the 
sheath of the Inferior oblique. 


THE ORBITAL MUSCLES 

Fic. loaS. A section the right arbicaJ cavity. 
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pf SujxriM-iAtiifvi H. 


IfratOT fMflfititne 
Svptrwr nrrtw w. 


Oj 3 <k? ti> 


jH/mfor (uffttj 

tnf^iior vUigW H, 


^upfTiw frr/iiu' 


the n^neurmJg of the levator pdpebrie $upenOris bcrw'cen the orbital and 

palpebral parts pf the Inerdnql upland and Is fixed to a tobctcle on the stj-BprnflTic bone^ 
jkifit within the orbital inargin fp. jja)- When traced medially the apDfLcurmis loses 
Its tendinous tiaturc as St passes over and comes into cloinr contact with the reflected 
tendon of the Obliquus supeHorp whence it can be followed with dIBfkulty towarda the 
medial palpebral ligament in the farm of loose stmnds of connective tissue. When the 

Fic. loa^.^-A dia^m of the I^vatar palpebnc supenoris^ showing iu tonnexions. 

(From Whitnairs Anat^nty iy/ thr Orftff, Oxford Medical Publicntions.]l 



^1. Sup&didaL IxmdU. pit miM^nmau I £>ccp luiMlk tMalkr'W tifUHchi) ; P, ItttervMj bclw«cii 
mpcrfict*l and emp Um«ll« of m^ritEtinnii ; f, Twui \ S^. Ott^td ^cpfmiw 
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Lcvnior p-alpcbnxr cpnti^Lis, the upper eyeiid is but the ktcnil and fuedia! parts 

of die op>oncuri>$i& are stretched end limli the aedon of the muscle ; the elcvatiura of the 
upper eyelid ia checked also by the orbital septum (p. 1259-). 

The four Rctdi to^o, 1031) arise from s fibrous ring which surrounds the 
upper, medial, and lower margins of the optte canal (fig. loji), and b termed 
the common tendinous fibrous ring b confinued across the low'er and 

medial part af the superior orbital fissure and b attached to a tubercle on the 
tnargtfi of the greater wing of the sphenoid bone. I'he ring is closely adherent 
to the sheath of the optic nerv'e and to the snmountling periosteum ^ within it 
are (1) the opric canal transmitting the optic nerve and ophlliftlmic arteiyH 
and (^) the medial part of the superior orbital fissure which transmits the tivo 
divisions of the oculomotor nerve, the naAociliary^ nerve, and the abducent nen^c. 


Fio. —'rhe mu!Kl« of rhe right erhit. Late ml aipecL 



iSHPfrUfr t*ftu^ in. 

yaipffirtK MttJttHtfnM 


mClii n. 


mimi 


raani 


Tlie superior ophthalmic vein may pass through, or above, the ring; the inferior 
ophthalmic vein throughi or below, the ring. Two specialised parts of this fibrous 
ring may be made out; a lower, which gives origin to the Rectus inferior, a part of 
the Rectus medialis, and the lower fibres of the Rectus lateralis; and art upper^ 
which gives origin to the Rectus superior, the other part of the Rectus medialiB, and 
the upper fibres of the Rectus btcrolb ; a second small tendinous head of origin of 
the Rectus lateraJb arises from the orbital surface of the greater wing of the sphenoid 
bone^ lateral to the tendinous ring. Etch muscle passes fonvard in the position 
implied by its name^ to be inserted by a tendinous expansion into the sclera, about 
b mm. from the margin of the cornea.* 

The Obtiquus superior {fig, 1030) is a fusiform muscle, placed at the upper and 
mc<Lsal side of the orbit. It arises from the body of the sphenoid above and medial 
to the optic canafi superior and medial to the origin of the Rectus superior, and, 
passing fonivsrds, ends in a n>uiid tendon, which plays in n fibrocartilaginous ring 
nr pulley attached to the trochlear fossa of the frontal bone. The contiguous 
surfaces of the tendon and ring are lubricated by a delicate S)movial sheath. After 
traversing the pulley the tendon passes backwards, latcraUy and downwards below 

* The averflac dtiCanecs of the iniemeTii nf the Reeti from the muqfin of Ihe eemea arc : 
Rectus raedsAlis, ys ntm. I fteeWu mfenor, 6'S mtn.: Hectm UuerDliA, 6-9 nlm*; RectUi 
ftuperioir, y'7 mm. 
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the Rectum sLiperiar, to the kteraL part of the eyeball, and ia irLserteti inlo ihe sclera^ 
behind the equator of the cyebaU^ and between the Rectus superior and Rectus 
bteralis. 

The Obllquus infeHor ffig. <^3^) k a thin, narrow imiscb, placed near the 
anterior margin of the floor of the orbit. It ariaea from the orbital surface of the 
maxilla laterd to the nafiolacrima] groove. Fussing laterally* backwards and up¬ 
wards, at first between ihe Rectus inferior and the Boor nf the orbit, and then 
between the eyeball and the Rectus lateralis^ it is inserted into the lateral part of the 
sclera, behind the equator of the eyeball, between the Rectus superior and Rcetus 
lateralis, near to, but somewhat behind, the insertion of the Superior nblique muscle. 

Nerves.—The f^vator paipcbrn: supetioHSp the Obliquus inferior, and the 
Recti superior, inferior et medkLiS arc supplied by the oculomotor nerve; the 


FiG. 1031 ^—Coronal actions ihrough the two Orbits. On the side the pbjii' of the 

section is more posterior and pasjc^ behind the eyebll 1 . 
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Obliquus superior, by the trochlear ntrvc ; the Rectus lateralis, by the abducent 
nerve* 

Actions.—The Levntor paipcbns raises the upper eydid, and is the direct 
antagonist of the OrbicuLaris oculi. The four Recti are attached to the eyeball in 
such a manner that, acting singly^ they will turn its corneal surface either upwards, 
downwards, medially, or laterally, as expressed by their names. The movements 
produced by the Rectus superior and by the Rectus inferior are not sifnple, 
for inasmuch as each passes obliquely laterally and forw^ards to the eyeball, the 
elevation or depression of the cornea is accompanied by a certiun deviation medially, 
with a slight amount of rotation. These latter movements are corrected by the 
Oblique muscles. The Obliquus inferior rotates the eyeball so as to turn its corneal 
surface upwards and Laterally. When the eye Is directed upw'ards, the Inferior 
nblique corrects the medial deviation caused by the Rectus superior. The 
Obliquus superior rotates the eyeball so as to turn its corneal surface downwards 
and laicmlly. When the cv-e is directed downwards, the Superior oblique corrects 
the medial deviation caused by the Rectus inferior 'Fbe contraction of the Rectus 
lateralis or Rectus mcdialis, on the ^nher hand, prciduccs a purely horiziyntal move¬ 
ment, If any two neighbouring Rectt of one eye act together they carry the globe 
of the eye in the diagonal of these directions, viz. upwards and medially* upwartbi 
and laterally, downwards and medially* or downwards and laterallyv Sometimes 
the corresponding Recti of the two eyes act in unison, and at other times the 
opposite Recti act together* Thus, in turning the eyes to the right (conjugate 
deviation), the Rectus lateralis of the right eye acta in unison with the Rectus 
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Tiicdiali$ of tht left eye ; bwt if bath c>« art directed lo aii object in the median 
plane ai a abort distance (convxr^gunoc)^ the two medial Rectus muaclcs act in tinbon^ 
^fhe movement of circumduciion^ as in IfXiking round a riximt is perfonned by the 
sucoeaaivc actions of the four Recti. The Oblique muscles rotate the eyeball on iu 
transverse and voticaJ axcip the superior directing the cornea downwards and later¬ 
ally, and the inferior directing it upwards and laterally; these movements are 
required for the correct viewing of an object w-hen the head is moved btcmlly^ as 
from shoulder to shouldcf, in order that the picture may fall in all respects on the 
same part of the retina of either eye. 

A thin layer of non-strtped muscle^ named th^ Orbitatismusck, bridges the inferior 
orbital fissure. 

The fascial sheath of the eyeball (fip. tojj* 1034) is a thin membrane which 
envelops the eyeball from the optic nen^e to the sclerocomcal junctiDO^ separating it 
from the orbital fat and forming a sachet in which it plays. Its inner surface is 


Fio. 1532.—Schema lo >how the cDinmcn lendinciu Ting, tht originiof ihe Reed,, 
nnd the relfidVE pOsitionB^ of tbe nervea entering the orbiteJ cavity thnaiiigfl the 
lupcrior orhital fuaurer tModified ft™ n hgnre in Whitnair* .^miicwnj^ 0/ fhf 
fluiftatt Orbiif Oxford Medioil Pubhoaionci.) 
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smooth, and is separated from the outer surface of the sclera by the epucitral space ; 
this spac5c is traversed by dchcaie bands of connective tissue which extend between 
the fascia and the sclera. The fasda is perforated behind by the ciliary vessels and 
nencs, and fuses with the sheath of the opric nerve and with the sclera amund the 
entrance of the opde ncn^Ci In front it blends with the sclera Just behind the sdero- 
comeal ju n ction. 11 ts perforated by the tendons of the orbital musciesp and is 
reflected on each as a tubular sheathe The sheath of the Superior oblique is carried 
as far as the fibrous pulley of that muscle ; that on the Inferior oblique reaches as 
far as the floor of the orbit, to which it give? off a slip. The sheaths on the Recti art 
gradually lost k the perimysium, but they give off important expansions. The ex* 
pansion from the Rectus superior blends with tlic tendon of the Levator palpcbrtc 
superioris ; that of the Re^nus inferior is attached to the inferior tarsus and to the 
sheath of the Inferior oblique. Tlte expansions from the sheaths of the Recti 
medialis et lateralis are strong and triangular in shape, and are attached to the 
lacrimal and zj^^>roatic bones respectively \ as they probably check the actions of 
these two Recti they have been named the nreii/nl and hiier^I check lif^aments. 
I^kwood • described a thickening of the lower part of the fascial sheath of the 
eyeball, which he named the susperntfry figameHi of the eye \ it is slung like a hammock 
below the eyeball, being expanded in the centre and narrow at its extremities ; it is 
formed by the union of the margin? of the sheath qf the Rectus inferior with the 
• C. B- Ijockwrtod,^. Phynat,, t. 
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Fig. 1033.—a EChcftic of the fiitui of the orbit (the inuicle-sbeaths ami tLe fHaciaJ 
Hhnth of the eyeball) in saj^ttoJ ucuoit. (From VVhitnilFi 0/ 

liumott Orbit ; Oxford Medical PiibLLcpnart&.) 
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Fic. *Qj+.—A schentatic of a borizontal tcctiofi thfoufh the light orbit to 
illustrate the faaeia of the orbit. (Ffom Whitniira 0/ iht Humsn 

Orbit Oxford Medical Puhlications.) 
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mctlrnL Pfsd IPtrml check ligaments. Nutt * h &5 eniphasi^cd that anomalies of the 
various parts of the above fascial arnuigemerits maj^ interfere wkh the normal 
iTiovements of the eyes and cause furious types of squuiL 

The orbital fascia forms the penosteum of the orbit, but is loosoJy connected 
to the bones. Behind^ It is tithiied with the dura mater and with the sheath of the 
optic nerve^ In fronts it is connected with the periosteum at the mar^n of the orbits 
and sends off a stratum which agists in farming the orbital septum. From it two 
processes arc given off: one holds the pulley of the Superior oblique muscle in 
position^ the other,, named the lammal /orrier, forms die roof and lateral wall of the 
sulcus in which the lacrimal sac is lodged (p. 1261). 

Hedexes.—^The impulses concerned with viiuai refitx^St which bring about 
movements of the eyesp head and neck, in response to visual stimuli, follow the path¬ 
way provided by the opiic nerves and tracts to the superior colliculi. After travers¬ 
ing synapses there, the impulses travel along the tectospinal and tectobulbar tracts 
to the neurones of the final comman motor pathwa}^ of the spinal and cranial 
ncr^ e (p. 997), 

Pupil figftt rtfiex *—On exposure of the eye to bright light the pupils contract 
redexly^ The impulses concerned travel by the optic nerves and tracts to the 
pretccu! nucleus [p. 997} w^here the second neurone fibres arista These, which 

are very short and run close 
Fig. 1035.—The front cf the ri^hi eye wiih the eye- ID thc ccntnd grey matter, 

lids :&epanited fa ehaw thc plici ietniluridrii, convev the impulses lo the 

C^runcuh l.crimilia iind puncto liciun.li., Edingiir-Westpha] nuclf09(p. 

1096), whose neurones send 
pr^anglionic fibres to the 
ciliary ganglion through die 
oculomotor nerve and its 
branch to the Inferior oblique 
muselc. The postganglionic 
fibres from tire ciliary gan¬ 
glion traverse the short ciliary 
ner^^cs to reach thc Sphincter 
pu pi liar. If light be shone 
into one eye only\ both pupils 
contract (consensual pupil 
light reflex); this is due to 
the fact that fibrea from one 
optic tract pass to both pre¬ 
tectal nuclei, the crossing 
fibres passing via the posterior 
commiiisure. 'Fhe Dilauitor 
pupillET is Supplied by fibres 
, k‘ y *_ I . which ariae in the superior 

Gcr\ ical ganglion ol the Bympathctie ininlt. I he preganglionic fibres of this oath- 
wav arise from cell A df the kier^tl grey column in the first and second thoracic 
segments of thc spmal cord and pass hv the tipper thoracic nerves and their white 
raini ooniinunicantcs to the sympathetic trunk in which they ascend to the superior 
cervital Mnglion (p. iii i) As the candiiion of ihc pupil at any lime ts the result 
of the balanced action of these two systerra, the pupil become dilated when the 
stimulus of bright light is removed. 'I’he pupil will dilate, also, in response to 
painful stimulation of almost any part of the btidv. Prragmablv the fibres of the 
sensory' pathways L^tahlish «.nnoxiot^ with the efferent pn^ngltonic neumnes of 
the sympathetic drtcnhed above Some believe, however, that this relief dilatation 
of the pupil IS largeJv due to inhibition of the Edinger-Westphal nucleus, though 
the pathways involved are uncertaio. (^c manifestation of this reflex is thc dilata¬ 
tion pmdiiced by pinching the skm of the neck ; it is termed the tapiUarv-skin 
rgjjfw ^ 

Aceo/m»oii^<io» rtflrxri.-ln the prtKcss of ac™nimf>daiiofi for the viewing of 
near obj«te eyes converge and, at the same time, the Ciliary muscle contract to 
modify the aJiape of the lej^ and the pupil constricted to increase the depth of 
focus. I he pathways for the accommodation refies tomptisc the optic nerve optic 
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iract, laic rill geniculate body, optic radiation and the vktial area of the cerebral 
cortex. The bticr is codnccted by the stipenor longitudinal association tract to the 
tyt field of the frumaJ corieXp whence fibres descend through the intemal capsule 
10 the nuclei of the ocnlnmoior nerves in the midhrain. From the Editiger’ 
W'estphal nuclei fibres paiiji to the Ciliary and Sphincter pupiltac muscles (relaying 
in I lie ciliary ganglion) and from the cenixal nucleus fibres supply the Alodial recti 
mirsclcs for the ueiion of convergence of the eyes* Th^ pathv^'ays have noi been 
so definitely established as those for the pupil fight reficx, and it has been 
Suggested* that the contraction of the pupil in the accofninodation reflex is secon¬ 
dary to the convergence of the eytis and that the atTerent impul^ arise In the 
proprioceptor nerre endings in the ocular mu-scles and travel in the oculomotor 
rtenx direct to the Edingcr-Westplial nuclei. In certain diseases of the central 
nervous system (e.g. tatro domits due msyphilis) the pupil light reflex maybe 
lost whilst the constriction of the pupil as part of the accommodation reflex is 
unalfected {Arg^dl-Robertson pupil). I'hc site of the lesion that could produce such 
an effect probably lies between the Edinger-Wcsiphal nucleus and the lateral 
geniculate body^ where the path¬ 
way's for the two reflexes diverge FiC. —A up^ittnl action Ehtoui-h the upper 

from each other. eyelid. (After Waldcyer,) 

ConjiiHcttral If the con- 

juneliva bo touched lightly, blink¬ 
ing occurs. Afferent impulses 
travel via the ophthalmic 
the trigeminal ncfve 
impulses in the hnsnchcs 
facial nerve to the OrbicuEans oeuit. 

The eyebrows arc two arched 
eminences of skin, which surmount 
the orbits and support numerous 
phortp thick hairs directed obliquely 
on the Surface. Fibres of the Orbic- 
ulans oculi, Cornigator and frontal 
bctly of the Occipito-frontalis are 
inserted into the skin of the eye¬ 
brows. 

I'hc eyelids or puLpebrse are 
two thin^ movable folds, placed in 
front of the eye^ and protecting iL 
by their closure, from injury, *rhe 
upper eyelid h the larger and more 
movable, and is furnished with an 
elevator muscle [the Levator palp^ 
ebrsE superioris] {p. 1250); the 
two eyelids unite with each otlser 
at their extremities. When the 
cyeLids are open, an ellipiical space, 
termed the fissUTff is left 

betvveen their margins; ihe ex¬ 
tremities of the fissure are called 
the angles of the eye. 

The sngh of fhr eye is 

more acute than the mctliaL, and lies 
in close contact with the eyeball. 

The medial is prolonged for 

a short distance towards the nose, 
bout 6 mTn4 away from the 
two eyelids are here 
separated by m triangular space^^ 
named the iaeui lacrime^iis, in which a small reddish body, termed the caruntula 
lammalif, h situated {fig^ 1035), On the margin of eacheyefid, at the basal angles 
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of the Lactis Hcrimalis, there is a. small conicaJ clci^donp ttnnecl the hcrimat 
the apex of which is pierced by the coroincncemciit of the bdimal canflIiailos> 
This minute orifice (fig. ^035) is known as the punefutn 

The eyttoiha iirc atmehed to tJie free edges of the e^wlida from the lateral angle 
of the eye to the lacrimal papillae. They arc ahottp thicki cunxd hairs, arranged 
in double or triple ro'rt^ i those of the upper eyelid* more numerous and longer 
than those of the lower^ cun'e upvi’ards \ those of the lower eyelid cur^'^e down¬ 
wards so that the upper and lower eyelashes do not interlace when die lids are 
closed. A number of enlarged and modified stidorifcroua glands, termed 
glands, arc arranged in aeveiil toV(S close to the free margin of each lid and open 
near the attachments of die eyelashes. 

Structure of the eyelids. — From without inwardSp each e^'elld conskts of: 
skiop subcutaneous areolar tissue, fibres of the Orbicularis oeuli, tarsus and orbital 
sepfttm, tarsal glands nnd conjunctiva. The upper ej'clid hast, in addition, the 
aponeurosis of the Lev'ator palpebm! superioris (fig, 1036)^ 

The skin Is extremely thin, md cafidnuous at the margins of the eyelids with ihc 
conjunction. 

The ttibmumfous iirrohr time h very lax and delicate, and seldom contains any fat. 

The fHiipehratfihres o/ the Orbiadam omH are ihm, pale in colour and parallel with 
the palpebral fissure. Deep to ihc imisclc there is a layer of Itiose arenlac ijssuCi 
w'hieh, in the case of the upper eyelid, is continuous with the subaponeurotic layer 
of the scalp (p. 5Si)t M that effusions af fluid (blood or pus) in this layer of the scalp 
i:^n dnwn Into the upper eyelid, ft is in this layer of the eyelids that the main 
nei^^L-s lie, so that local anaesthetics have To be mjected deep to the Orbicularis oculi. 

The t^nrj (fig, 1037) are two thin elongated plates of dense connedtive about 

2-5 cm. long ; one is placed in each eyelid and contributes to its form and support. 
The tamuaf the upper eythdy the kiger, is of a semiH^x^oJ form, about to mm. In height 
at the centre, ond gradually narrowing towards its extremities. The lowest fibres 



FlC. rosy,—The tarji and their liHanienta, Anterior atprcl,. (Testut,) 
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of the BUperficiBil lamella of the Bponeurosts of the Eevator palpebra? superioria ore 

amched to its Sflwrior turfaix, md the deep laniella of the ssnie nponcurosu i» inserted 
into its upper miisin (p, 1 150). The tar$ut of tht lower nrlid, the simdler^ is ft nairort 
pinte, the vertical diftinetcr of Mihich is about 5 mm. The fnse or ciliaty nunsins of the 
tarsi are thick and stniRht. The attached or orhiial margins are connected to the 
circumference of the orbit hy the orbital septum. The latend ends of the tarsi are 
attached by a band, named the lateralpalpebr^ Usatneut. to a tubercle on the zygomatie 
bone, just within the orbital margin; this ligament is separated fiiom the more 
SuperfciaUy plac^ lateral palpebml rsphe (p. 555) by a few lobules of the lacrimal 
gland. medial ^ of the tarn are attached by a stnmg tendinous band, named 
the fttedtal p^pebral ligament, to the upper part of the lacrimal crest, and to the ad join¬ 
ing part of the frontal p^ss of the maitilla in front of this crest: the lower edge of 
this ligament is separated from the lacrimal sac hy some fibres of the Orbicularis ^li* 
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The vrhitai i^ptum b a ^veak mcmhraiiQU3 sheett attached to the edge df the 
orbitj v^'htre it b contiouaiis with the perio^teuin. [n the upper eyelid it blends 
v^ith the supcdiciai kmclk of the apaneurosis of the Levator palpcbrac EuperioHs, 
and in the lower eyelid with the anterior surface of the tarsus. It b perforated by the 
vessels and nerves which pass from the orbital cavity to the face and sedp, by the 
aponeurosis of the Levator palpebral superioria^ and by the palpebral part of the 
lacrimal gland. 

The tarsal glands (hg. 1038) are situated between the tarsi and the conjunctiva^ 
and may be distinedy seen through the latter on everting the eyelids j they present 
an appearance like parallel strings of pearls. They are yellow^ in colour, arranged 
in a single mw, and number about thirty in the upper eyelid, and somewhat fewer 
in the lower. They are imbedded in grooves on the deep surfaces of the tarsi and 
correspond in length with the hicadih of these plates; they arc, consequently, 
longer in the upper than in the lower eyelid. Their duets open on the free n^rgins 
of the lids by minute foramina. 

Structure ^—The tarsal gknds are modified sebaceous glands^ each consisting of a 
straiglit tube or foUicleH with numerous ^all latentl djvctticula. The rubes are sup- 
ported by a basement-mernbrane and sre lined at their mou ths by stratified epithelium ; 
the deeper pam of the tu bes and the lateral off’shoocs are l ined by a byer of polyhedral 
cells. The secretion of the glands spreads over the margin of the eyelid and tends to 
pievent the tears from overflowing on to the cheek. 

The conjunctiva is the transparent mucous mt^mbrane vvbich lines the inner 
Surfaces of the eyelids, and is reflected over the fore part of the sclera and the cornea. 

The palpebral portion is highly vascular, and has numerous subepithelial connec¬ 
tive tissue papillx, its deeper part containing a considerable amount of lymphoid 
tissue, especially near the fomiees^ It is intimately adherent to the tarsi. At the 


Ftc, iQjfi,—I'htf deep tutfscH of the upper and low^er eyelids of the left side; The 
orifiees of the mpBal gliinds ciui be seen on the free margini of the Uds. 
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margins of the lids k is ci>ntinuous with the skin, with the bning epilhelium of the 
ducts of the tarsal glands, and, through the lacrimal canaliculi^ with the lining 
membrane of the lacrimal sac and nasolacrimal duct. The line of reflection of the 
conjunctiva from the eyelids on to the eyeball is named the ronjanclimi fornixy and 
its different parts are known 54S the superior and inferior fomices j the ducts of the 
lacrimal gland open into the lateral part of the superior fomiK. Upon the srlera 
the conjunctiva is loosely connected to the eyeball ; it is thin, transparent, destitute 
of pnipilke, and only slightly vascular. Upon the cornea^ the conjunctiva mnsists 
only of epithelium, constituting the epithelium of the cornea, already described 
(p. i23S)h *rhe cpitheHum of the palpebral conjunctiva near the margins of the 
eyelids is stratified squamous like the epidermis; about z mm. from the edge of 
each eyelid there is a groove in which foreign bodies frequently lodge and at which 
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the cpiUidiiim a>mes td of t^vo biycr^p n stipcrficiaJ ooc of coliunnar cells 

anti a deeper one of flaUened cclb). Thi& structure pe rsists ihmughout mewt of the 
palpebral cofsiunctb-a, hut m the fomiccfi are appn>achcd an micrmcdiatc layer of 
polygonal ceJw appears and ihh tnhnninar arrangement comprisea the atructure of 
the oonjnnctival epithelium over tJie sclera. Near the sclcmcomf^ junction the 
cpichdium changes to tht stratified type characteristic of the corneal epithelium 
(p. 1238). Scattered Lbrough€>iit the conjunctiva] tpitheliiim there are mucus- 
Bccrctlng goblet cells. 

The liurimai camncii (fig. 1035) le a small, reddish, conical body situated in 
the Lams lacrimalis ut the medial angle of tlic eye ; it cotiaiats of a small island of 
skiHp and contains sebaceous and audoriferous glands; a feu'slender hairs are attached 
to its surface, l^tenil to, and partly under cover of* the camncula there is a semi¬ 
lunar fold of conjunctiva, the piita lemiturtanX tlie concave free lateral edge of 
which is directed towards the cornea, its epithelium resembles that of the con- 
juncti^^ on the sclera but it contains numerous goblet cells. Beneath the epi¬ 
thelium there is some fat and a little unstriped muscle. Some consider the 
eamncule to repre^nt the nictitating membrane (or third eyelid) found in many 


Fig. —The IcJt lacrinul ippuraEui. Ej^ied from the front. 



‘^iVnd'a hfritixaiis 


canoliciili 


iFACnpiolMf 

SoMol *epimm 
luuai 


nrwi _ _ 
eoncM 


Lammed 

d pmtUront 0/ 
ftCWior 
mprri&TtM 
Paipubml jMrl of 
wnmot 


AeK^dCn'inaJ 4 ’ti 0 

JtHUt 

/n/trw mntim e/noHi; unnVy 


mammaLs and lower vertebratesp though Stibbe • maintains that these siructures 
arc nnt homoLug^nx^. 


VfSiih and iSVrficr.—The eyelids receive their blood-^uppLy from the medial 
palpebral bnuichea of the ophtJmhnic artery and from the Latend palpebral branches of 
ihc lacrimal artery (p. 757). 

The ocular conjunctiva is supplied by the ophthalmic divisiofi of the trigcminiil 
nerve. The conjuncdYii of the upper eyelid is supplied by the ophthalmic nerve, that 
of the lower eydid by the riifixilLar>^ ticct^^e, Mimy of the ticrves m the coniunctivd i-ttd 
in bulbous corpuscles (p. 910}. 

The lymph vcssela of the c>t:lid.$ and ihc conjunctiva are described on p, 8S7* 

MovrmenU o/th* tyelidf.—Tht p^itton of die lids at any partieulax tirne depends 
on the redptioca! tone of the Orbicularis ocull and Levator pslpebt^ supmoris 
muscles* and on the degree of prolruiion of the eycbalh The usual podtion when 
the eyes arc open la that the margin of the lower lid crossea the eyeball at the bwur 
edge of the circumference of the iris whilst the upper lid covera about half the width 
* E* P* iitibbe* Tptwjf. Opkih^l. i9-7, 47. 
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of the upptm^ost portion of ihe iris. The eyK art cLo^d by movement of both 
upper md lower lids prodtittd by contracdon of the Orbicularis oculi muscle anti at 
the s^e time the Levator palpcbne superioris rtJaxes. On looking upwards^ the 
Levator palpebr^ supcHoris contrmctB and the upper iid follows iht movement of the 
eyebaU. At ibe same dmt the eyebrows are raistd by the contraction of the frontal 
bellies of the Occipito-^frontalis so as to diminish the degree to which theeyebrowa 
jut beyond the eye. The lower lid lags bebiiid the movement of the eye so that much 
more of the sclera is exposed below the iris and the lid is bulged forwarda to some 
extent by the pressure everted against its deep surface by the lower part of the eye¬ 
ball. On looking downwards both Lids move^ the upper retaining Its normal 

FlO- 1*40.— A aarlJun li3ruUf:h IL part of iho laCiinutl h'Lind, !ilwwjn« the mH-IU lined 
hy a la>TCT of cDlumniir cells uni j few niyo-epii holiel cells can be seen outside 
the bawicnt membrnne. a 220. 




Arifiitw 

rektIonBhkp to the cyebaU and stiU covering about half the ^vidth of the upper por¬ 
tion of the iris^ The tow'er Lid is probably dragged downivards by the pull exerted 
on it by the conjunctiva rcdceicd on to its deep surface fram the sclera« In condi¬ 
tions of fear the palpebral fissure is widened by the Dontraction of the fibres of plain 
muscle in the Ivev^tor palpcbnc supedoris in response to the greater activity of the 
8>'inpathetJc nervous system. 

The I^ciiiMAL Apparatus'( figs. 103^ to 104^) 

The bcnmal apparatus consists of (a) the kcrimal glandp which secretes the 
tears, and its excretory duirts w^hich convey the fluid to Uie surface of the eye i 
die lacrimal amalicuh, the lacrimal sac, and the nasolaciimal duct, by which "tltc 
fluid is conveyed into the cavitv of the nose. 

The IncrimaJ gland (%. 1039) consists of a larger upper yrftjW pt*ri and 4 
lower smaller the two parts being continuous with cadi tstlier 

posterolaterally aroLmd the lateral concave edge of tlie aponeurosis of the Levator 
palpebtrae superioris. 'Hic orbital part is about the sixe and shape of an almond 
and k Ii>dgcd in the liicrimal fossa on the medial side of the s^gomatic process of 
the frontal bone. Just within the margin of the orbit* It lies aliovc the Levator 
(and, further kterally, above the Lateral rectus); it# lower surface is connected 
to the sheath of tlsc Lcratorp its upper surface is connected to the orbital peri¬ 
osteum, its anterior border is in contact with the orbital septum and its posterior 
border is attnchcd to the orbital fatn 'fhe palpebral part, whteh is about onc-diird 
of the siste of the orbital part, is subdivided into two or three lobules and extends 
below the a^poncurosis of the I^^vator into the Interal part of the upper eyelid^ 
where it is attached tu the superior fornix of the conjunctiva tbniugb wdiich it can 
be seen when the cyebd is everted. The duels of the gknd, about 14 tn number. 
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ducts pass tbruuph the 
palpebral pan, so that cxcisinn 
uf this part af the gland i$ 
rimcLionally equivalent It) re- 
inosTil of liie cntirt gland. 

Many small accessary Jitc^ 
rimal glands are present in and 
near the conjunctival fumices ■ 
they are more numemus in the 
upper lid than in the loweri 
Their existence may csplain 
^vhy the conjunctiva does not 
dry up after extirpation of the 
lacrimal gbnU pmper. 

SlruiiSmi? ft/ ihr iatrimal 
(fig. 1040 ).—The gland conaisti 
of Vert- amaE! lobules and is n 
compoumJ mbu lo-atvcolar gland. 
The acini are lined by a layer rtf 
cohimnar cells which rest on a 
huaEffient nwmbrujie and con- 
rain secreiinn irranulcs and fat 
dmpkts, Ouiside these there 
are fiaticneU myo-cpithcli^l 
(ccintnictjlc) cells. 1'bed net* are 
lined by a layer of eotumnnr 
cells* cHJlsidc whicli anc a few 

myo-cpirbelial ceJU. Tise i^ec- 

Tetlon of ihc glfljid (tears) con- 
lain v'ariuus salts and an cruc^Tne 
(lyso^nac) which is bacieriocEdsl- 


Fig. j 041.—Sketch from a cerotid section thmiiBh ihi 
right httlf of I he natal ca^iry, viewed from the front, 
to shew the relation of ihe lactimuL podges to ihe 
rnfutillwy and cthtnoidel eilitun and The lofetior 
noial concha. The mueoliB membrane u cotoaied. 
f.^fter Cerard, t?nT ^ frimi WhitniJI*s ^^rurfoHvj of 
iht Humim Or^k ; Oxford Medical PublieBtionad 
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Nerves.—The nerve supply of the lacrimal gland is described on p, 

fbe lacrimal cartnltculi, one in each eyelid* arc iboui 10 mm. Umg; ihev 
qomnuincc at the (atriftniiui (figs. 1035, 1039, 1041}. The j/rpmor cunatirului, 

smailcr and shorter tlmii the inferior* at first aociruds, and then bends at an acute 
angle* and passes mcdialk and duwnw'ards to the Ucritnal sac. Ths i>r/mer fumtU- 
cufus at first descends, and then runs almost horizontally to the lacrimal sac. At 
the angles they arc dilated into 'llie mucous lining of the duets is 

covered with stratified squamoits eptthcliuirip plaecd on a l^sem-cnt-mcinhrArLe and 
outside the latter there is a coriiim rich in elastic fibres (rendering the ducts cosily 
dilatable during the passage of a probe) and a layer of striped muscular fibres, 
continuous with the lacrimal |Mrt of the Orhictibris ocuJi; at the base of each 
loLTiniitl papilla the muscular fibres are dreularly aminged and form a kind of 
sphincter. 

The lacrimal sac (figs. 1037, 1039, 1041) is the upper blind end of the naao- 
Locrimitl duct* and is lodged In a fossa fomied by the lacrimal bone^ tbe frontal 
process of the maxilla and Uie lacrimal fascia. It measures about iz mm. in lenctb; 
its upper, dosed end is flattened from side to side, but its lower part is rounded, 
and is continued into tJie nasolacrimal duct; the openings of the lacrimaJ canaJi- 
culi are situated tn its laieral w all sbghtly htdow^ its upper end. 

Relations.—A layer of fascia, coutmuoua with the pedostcufti of the orbit 
and named the iummal /arrio* passes from the lacrimat crest of the maxilla to 
the crest of the lacrimal bone* atid forms the toof and kierel wull of the fossa 
in which the lacrimal sac ii lodged; between the fascia and the kcrimal sac there 
ht a plexus of minute veins. The lacrimal fascia separates the sac from die medial 
palpebral ligament in from, and from the lacrimal part of the Orbiculara oculi 
behind. The lower half of the fossa which lodges the kcrimal aac is related 
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medially to the anterior part of the middle meatua of the nasal cavity; the uppet 
half is related to the anicrioT ethtnoidal ccUubss** 

Structure,—^Fhe LnerimBl aac Gon^jats of a fibno-eloaric coat, lined intemolly by 
mueotia membrane : the latter is cotitinuouRj through ihe lacrimal canaliculip wiih 
the conjunctivia, Bn-d ihimugh the nasotncnitiai duet Ui’ith the mticOuB membrane of 
the cavity* 

The Msola-crimal duct (hgs. 1041 , 104^) is a niembiunou? canaj about iS ntiTJi 
long, which extends from the lower part of the lacrimal sac to the imterior part of the 


Ftfl. (0+1.—The leh: lirorat wall of the fio« vinwed from tho medial aidcu Tht lae- 
irnul iBC intl ihr ruioliACTirnil duct of the left side have been pTojected on to ibe 
lateral wall of the noie 10 *hnw their poattiofis relative to the middle Ttaaal cofidta* 
ihe middle mcfttw* end thsz ioferior nasal conchfl. x tf. L [After WhitruiUi} 
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Inferior iuMtus of the nose, where it ends i n a somewhat expanded orifioe. A fold of 
the ntucoiu memhfane foinis an imperfect \'Jilve just above the opening and is 
known as the Sacrimsf/old. The duct is contained in an osseous canal, formed by the 
maxilla, the lacrimal bone and the inferior nasal concha; it is narrower in the middle 
than at either end, and is directed do^mwarda, bacAvia.rd3 and a little laterally. The 
mucous lining of the lacrimal sac and nasolacrimal duct is covtred with two layer* 
of columnar cpitheUum which in places is ciliated. .Around the duct there is a rich 
plexus of veins, forming an erectile tissue, engorgement of which may obstruct 

the duct. , . , 

The teats secreted by the lacrimal gland enter the conjunctival sac at ita supero¬ 
lateral angle and, under'the influence of capillarity aided by blinking movemenU of 
the eyelids, are carried across the sac to Uie bcus iacrimalis mainly along the groove 
between the lower Ud margin md the eyeball. From the lacus they pa« into the 
hijcrimal canaliculi. Contraction of the Orbicularis oculi tends to turn the puncta 
lacrimaiia inwards and capillart' attraction Hcrvc* to suck the lacnmal secretion into 
the lacrimal sac. 'Fhe sodden dilatation of the lacrimal sac produced by the lacrimal 
part of the Orbicularis oculi during blinking movements (p. 556) probably assists the 
process. Under normal conditions iltc secretion of tlic tarsal glands prevents the 

* S. E. WhimaU {Ophffutlmit RsvieUI, Nov, ton) enminsd too akulla and fouml that in 
14 the Ulterior ethmoidal rtllub* oiiiie into relariDu only u-kK ihe posterwr v.-a]| of the 
rossa ■ in ja they rtachcil aa fiir forward as the iuturs between the lienmal hcoe and Ihe 
mixitia : while in 54 one Imbc irreeukr etUule mended forward ai far u the ajittrior 
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frum ovcrflovi'ing ihc Ud ixuicgins and alAD covers the capillary fi]m of fluid 
00 the front of the eyeball mih. a film of oil Vihich delays evatsoration.* 

The Oagan of Heaihng 

The ear or oingan of hearing is divisible into three parts: the c^rtemal ear, the 
middle ear or tympanic cavity, and the internal car or labyrlnth. 


The Exteknai. Ear 

The exteriLal ear consists of the expanded portion named tbe surieh and the 
rxigrnal afouuic The former projects from the side of the head and serves 


I'lo. 1043.—-The ri^hi auricle^ Lntcrm'K ayrfHce, 
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to collect the air-vibmtions by which found b produced; the meatuf |« Js Inwards 
from the bottom of the auricle ami conducts the vihrationf to the tympunic 
membrane. 

The auricle (fig, 1043) is of an ova) form, with its tajgcr end directed upwards. 
Its lateral surface a irregularly concat-e, looks slightly fonvards, and presents 
numcious eminences and depressions. The promincht rim of the sunde is called 
the hth'x : where tlie helis turns downwards posteriorly, a small tubercle termed die 
auricular tubfTcU, is frequently seen ; this tubercle b very evideut about the sixth 
month of intrauterine life, when tlw whole auricle has a dose resemblance to that of 
some of the adult monkeys. Another curved prominence, parallel with and in front 
of the posterior part of the helix, is called die anlihtlix ; this divides above Inta two 
crura, between which is a depression, named the trim^ulat fos$a. The narrow 
curved depression between the helix and the antihclix is called the rro^ouf fossa ‘ 
the antihelix partly encimles a deep, capacious cavity, named the tmcho of tht 
ounWr, which is iiioompletcly divided into ttvo parts by the emt or anterior end of 
the helix. The part nf the concha above the crus of the bclix is called the fvmio 
etmchit ', it overlies, and through it can be felt, die supratncatal triangle (pp'avS 
1274). deep to which lies the tympanic antrum. Ifolow the cnis of the hdis and 
in front of die concha, a small, curved flap, termed the tragus, projects backwards 
over the orifice of the meaius. Opposite the tragus, and separated froio it by the 

* WoUT, E., •' Awiioni>' of the Ejv iiid Orbji." Third edn. H, K. Lewis, [04S. 
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{ntrrtr^'^ nffUb, there is a small tulweic, nani^ the untfir{igus. The Muif lies 
bch>w the antitra^js. Iking con>pCksed uf fibirtiiis and adipose tissues the lobtile is 
soft, unlike the rest of the a.urielc which is firtn and 

I'he ciDinial surface of the auncic presents c!e%'atJons which correspond to the 
depresstorts on its lateral surface, and after wliicb they one niuned, c,g. enainentta 
concha-, cminentia fossse tnangukris, etc. 

Structure,—The nuritle m compn^sed of a thin plate of elastic hbrocanilagc^ 
Covered with skin, and connected with the safrouncilni^ pajia by li^oTiicnt^ and 
muscles ; it ts eonuniioiis with the cartilaginous portion of the external acuUSlk 
mcatip, and the lattrr is joined t<i die mari^irei of the bony iturstus by hbmus ttsaue. 

The skin 0/ the nuride is thin, closely adherent 10 the cartUa^^ and co^-ered with 
fine hain* which are fumbhpd with Sebaceous glands ^ these glands are most nutnemua 
in the concha and scaphoid fossa. On die trafpia and aniilTH^^, and in the intertmipc 
notch the hairs are strong snd nurnemus, especially in the male in old rtfjtc* ITlc skin 
of the auricle is continuous with that lining the external acoustic meatus. 

'rhe rartiliigc of tkf aftricie (fig, 1044) is formed of elastic fihmcartilagc and consists 
of u single piece s Mpmi its surface the eminences and depressions above described are 
found. Ft ts ab^ni from the lobule ; it is dclicicnl, also, between the tmgua and 
beginning of the hclix^ fhc gap being filled up by dense fibrous tiasue. At the front 
part of the auricle^ where the helist l>cni:is upward^> there is n sanall projection of the 
cartjiiigc^ called the ipinr 0/ the helix, while at the other extremity of the helix the 
cartilage js prolonged downwards as a taihUke proccM^ named the fail of rAe helix ; 
the Intter is sepDrated from the amihclix by the jun/m atHtfreigofuiidna. llic cranial 
surface uf the cartilage shows the rffiinnaj/d caHcfue and ihe aninentm irianguiurit in 
positions correspond jog to the depressions on the lateral surface. A tra nsv-crsis furrow^* 
named the ridru/ tintiheiirtti imnst^mns, tvhich corresponds with the infcTTor enjs of the 
antihelix on the [ateml surface, 
separates the emlneniia c^^ichse 
from the emlnentia triangularis, 
llie eminentla conehtc is crossed 
hy a vertical ridge 
which gives attachment to the 
Auriculflris posterior muscle^ tn 
the cartilage of the aurick there 
arc two fissures, one behind the 
eros hclicis and another in the 
tragus. 

I'he iigaments 0/ the nurich 
consiAt of tw'o sets : (i) extrinsic^ 
connecting it to the temporal 
bone ; (a) mtrinsic, connectijig 
various pnns of its carfibgc to¬ 
gether. 

'ITie txirinsie itgaffieiin arc tw^o 
in nuitiljcrTanfcriorn-rni posterior. 

'I'hc fjniertor ligament exten ds from 
the tmgus and spine of the helix 
to the root of the jiygotmuie pro¬ 
cess of the temporal LxKiie. The poslaior iignfneiii pusi-ses from ihc posterior surface 
of the cundtj] to the lateral surface of ihv mastoid process. 

The chief iniriimf: iigitmenfs ant : (u) a strong fibrous bond^ stretching from the 
tragus to the hdix, completing the meatus In front, and fentiiiig part of the bexmdajy 
of the eoncha * and (b) s band between tlie antihclix luid the tail of the helbt. Other 
leas impoitorit bands are found on the emnini surface of the auricle. 

ITic viusciex of ihe auricle conskt of two sets j (i> tlie extrinsic^ which conned it 
with the skull and scalp and move die auricle os a whole i and (2) the intrinsk, tvhich 
extend from one part of the luricle to another- 

ITic extrinsic muscLcs are the Auricularra anterior, superior et posterior, 

'Fhc Autii^iaris anterior^ ihc smaliesl of the three, Is thin, filn-shdp^r and its fibres 
arc pale and indi stinct. IE arises from the lute rnl edge of the epicranial aponcurosmad 
its fibres convotge to be inserted into the spine of the helix. 

llic ^nrtcii^drix jwperior, the largest of the ihreer, ia thin and fim-shaped. Its fibres 
arise from the epicranial aponeurosis, ancl converge to be jn^ned hy a thin^ flattened 
tendon Into the upper part of die cranial turface of the moricic. 

TIjc Aitrietdarit potteriar consists of two or thfw fleshy f&Aciculi# which arise by 
short aponeurotic fibres fmtn the mastoid portion of the tcmpoTa .1 bonc^ and are 
inserted Into the ponHculua on the eminentia concibe. 


Fic, 1044—The cranial aurfice af the cartllaije 
of the right auricle. 
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Nerve-supply—Auriculare* iinteriof et superior jik supplied by the t™^^ 
bnmchw. tnd the Auricular/s posterior by the posterior auricular branch, of the facial 

—In nmo, these musoica have very little action; the Auricularis anterior 
dniwa the ■uricte forwards and upwards; the Aurieularis superior ratsee it ahghtly; 
and the Auriculaiis posterior draws it backwards. 

The intrinale muscles ora the : 

Helids major, Antitragicu*. 

HeLcis minor. Transversue auricul*, 

Tragicus. Obliquus nuriculie. 

The ffrlicM rmyor is a narrow vertical band situated upon the anterior merpin of the 
hcli*. It arises from the spine of the helix, and is inserted into ihc anterior border of 
the helix, where the latter is about to curve backwards, 

The Helidt mnar is an oblique fasciculus, eoverinp the cius helids. 

The Tw^irtu is a short, flattened vertical band on the lateral surface of the tra^. 

TTie Anlilrcgiaii arises from the outer part nf the anritntgus, and la inserted into 
the tail of the helix and an^elix. 


Fio, 1045-—The external and middle portloiw of the riabt tar, from the front. 
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The WJ oirtirtf/np is pbetti cm the cnniel *f the auricle, [ t consist* 

of scattered £bres, partly tcndiiu^ui and partly musculaf, extendinjr from the t^Eniorfitla 
coikIi* Eo tlw cfflincnlia ficaphffi. - 

The Obliqwt auricui^^ also on fh* craniftl sutfacc^ cofiswu of n few fibres i^teridir^ 
from the upper and posterior parts of the eroinenda conchas to the ennuicisda tri* 

I'hc mtrinsk^ muscles on the lateral surTsce ue supplitbd by the 
temporal branches of the facial nerre. the Inttmaic muscles on the cnmial surface by 
the pottcrinr auricular branch of ibe same nenre. 

The artmffi of thf tfunVfe are : (u) the positnor auncubr branch of the txtcnml 
carotid artery4 which lupplies thnsc or fmir branches to the tiniiial surface ; rvi't^ 
from theae reach the lateral surface, some by paislna through the Itssurea of the ounc- 
ular carrilascp and others by turning round the margin of ^e helix ; (6> the anterior 
auricular bmnchc* of the superficial temporal arteriv which arc dcstribuicd lo the 
lateral surface i and ic) ■ branch from the occipital arkry. 
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The (-Wia 4u.xoitip*ity the eorre^ndinji arteries. ATterrovenflU^ anastommes (p. 
700) are numemusi in the akin of the auriiie. 

The tymphulixi dmin intti (n) the pamtid lymph nodes, espedaJly the node in front 
of ihe tragus; (b) the u pper deep ocrviciU lymph riiKik^; and (e) the ina^mid lymph 
nudea. 

The iirtisury ittrvn 9(62) ire ! The jfmat puricukr nenre which supplies 
moflt of the crontal surface and the poiterior part of the kiera! iurface (helix^ 
heha, lobule] ; (6) the leaser occipital mivc which supplies the uppwr part of the 
cranial surfaizc 1 (e) the auricular branch af the which supplies the coticqy'ity of 
the concha and the posterior part of the eminentia cunchee ; (d) lbs autictdo-teixipofAi 
ner^'c which supplies the im^fuSx the Crus of the helix and the adjacent part of the 
helix ; Eind (e) the fadal ner^x which supplies s small area over the cniincntia comchair 
this cutaner^us distribution of the facial nen-e being evidenced by the distribution of 
vesick-s in cases of herpes affcciiii|» tlic facial ganglion. 

The external acoustic meatus (figs. 1045, 1^6) extends from the concha to 
the tympanic membrane. Its length, measured from the bottom of the concha^ is 

Cftih (measured from the ttagus It is about 4 ctti. long). It cotisbts of two parts ; 
the lateral third ia called the catfrhtgmms fHfrtiim and the medial two'-ihlrds the 

FlO^ 1046.—An oblique wrtiDn thrUlIgh the kfl teinpenl bcfie viewed Trom sbovs. 
(From m jwjction prepBtrd by Mn F, MilUng.! Ccmpirc with figs. 104$ and 
1^53. 


Cantidionni 



oittout poFtkm^ It forma an S-'&ltaped curve, and is directed at first mcdia]ly.p 
forwards, and slightly upwards £jctcrH£t ); it tlien passea fncdially, backwards^ 
ai^d upwards (pnw and lastly is farried medially, forv^ards^ and slightly 

downwards (pars iftifma). It is a eaiud, trvsl on ^'tinn, tltc greatest diameter of 
the oval being directed dowTiwards and backwards at the external orifice, hut nearly 
horiKontally at the medial end. it prest-mts two constrictlonSp one near the medial 
end of the cartilaginous portion, and another, named the isthmus^ in the osseous 
port ion p about z cm. from the bottom of die condia. The tym panic membrane^ 
which ckiscs the medial end of the meaUtSi is obliquely directed j in con^uence 
of this obliquity, the door and anterior xvall of the meatus are longer than the roof 
iind pjstcrior walL 

The cartilaginous portion is about S mm. tong ; it is continuous wHth the cardkge 
of the auricle and is fixed to the cLrcumfcrcnce of the osseous portion. The cartilage 
is defieient at the upper and posterior parts of the meatus, its place being supplied 
by fibrous membrane ; two or three deep fissures are present in the anterior part of 



1268 THE ORGANS OF THE SENSES 

the conilugc dirough which ati ^hsccss in the parotid gland ntay burut into the 
meatus. 

*riie oisfous is about 16 mm. ^utigi ^od nariowet than the canilagiriOUi 

portion. It is directed medially^ forward*, and slightly downwurds, forming in jts 
course a alight curve the convexity of w'hich is iipwarda and backw'ards. ^ Its medial 
end is smaller than the lateral end, and ia sloped, the anterior wall projecting beyond 
the posterior for about 4 mm.; this end ia marked^ except at iia upper part, by a 
narrow groove, named the tyrrtpittfic ru/tr/rj in which the circumFercnce of the tym¬ 
panic membrane Is attached. Its lateral end is dilated, imd tough In the greater part 
of its circumference for the altachmeni of the cartilaginous portion. I’he anterior, 
inferior and most of the posterior parts of the os&cous portion are fonoed by the 
tympanic part of the temporal bone, whidi, in the famis, e^sts eis the tympime 
ring (p, 327). 'Fhe ppsicmsupcrifsr part of the osscoua portion Is fomteo hy the 
$uLiamoits part of the temporal bone. 

The skin which envelops the auricle h continued Lnio The ejaernal awustiG 
nieatus and covtm the outer surface of the tympanic membrane. It is thin and 
closely adherent to the cartibgiimus and osseous parts of the mhc x iicnoc infiamma- 
torv conditions arc extremely painful owing to the mcncascd tension in these tssauea. 
In \he thick subcutaneous tissue of the csrtilaginoiis part of the meatus ihefe are 
numciroiJS ccruj^intfus gkrufs, which secrete the ear-wax; ihcir sTnicliirc rescmhlts 
that of the sw eat glands (p. 1302), These glands, as wcU as hair fullidcs, arc limited 
10 the carlibginous part of the mcaiiis. 

Htitiiiom 0/ the meatus .—^Thc coridyloid process of the mundible hes in front of the 
meatus, partially ■vepamted from die eartilagintiUA part by a small pertion of the 
parotid gknd. A bloW' nr fall on the chin may cause the condyle tn break into the 
meams. ''I'he movements of the mandible inliiicnee to fcomt r^tent the lumen of the 
cartilsKinous portion. Above the ossonis part is the middle enmial fossa ; behind it 
jure the mastoid oir-eelkp sypamTcd from tlw meatus by a thin !a>icj: pf bone. ITic 
deepest pan of the nivatus is relatisd superiorly to the epitympamc recess and postero- 
supcriorly to the rympunicantnim. the bone se|>ararin^ ihc antnim being only r-a mm. 
thick at this place, so thsit the omrum can Ijc opened surgically by this * tmmnutatal 
approach \ 

The arifries supplying the meptu^i are the posterior uuricukr branch of the cstcmal 
carotids the deep auricular branch of the maxillary and the auricular branches of the 
Superficial tempoml 'llie rcim dmio into the external jugulHr and maxillary veins and 
the pterygoid venous picsnev. The lytMipMUe* drain with those of tlic auricle (p, 1367). 

The ntrvfs ate derived from the auriculotemporal branch of the mandihular nerve 
which supplies the anterior and upper walk of the meftiiis, and the auricular branch 
of the vagua ncrv^c which supplies the posterior and inferior w'olls. 

Ktaminufion of fhe f 

mr/a/MfThe meatus 
can be examined most saris- 
factorily by light reflected 
down a funnd-sliapcJ 
speculum, when the greaicr 
part of the canul and 
tympanic membnrne cun 
be brought into In 

using this inatrument. it is 
advleabte that the auricle 
should be draw'n upwards, 
backwards, and a little 
laterally, an as to render 
the meatus as straight os 
possible. 

At the point of junction 
of the osseous and carti¬ 
laginous portions an obtuse 
angle, Avhsch projects into the 
tube at its antcrci-infcrior w^jdl, j* formed j this produces a sort of constriction, 
and mtiders it a narrow portion of the meatus—ati important point to be remembered 
in connexion with the prince of foreign bodies in the meatus. The shortnm of 
the meatus in children should I sc borne in mind w'hen an auml epeculum is 


i*47-^*l'tiv k-ft tympanic membrane, Ken as 
throuiJlh" s ipeculum, 

Idlffal pnte**M I'atf JJwMw 

1^ MAELoU Mdldrtld-I- / 4 aU 



L. LowtfjureMJi 


iif 


-rwtfion ^ 










THE EXTERNAL ACOUSTIC MEATUS 


uitroduccd, bo that it be not pushed Ln too hr, H the risk of injuring tJie 
tympanic membrane^ indeed even in tlie adult the speeutum should not be 
introduced beyond the constriction which marks the junction of the osseous 
and cartilaginous portions, just in front of the membrane there is a well-marked 
depression, situated on the floor of the meatus, and bounded by a somewhat 
prominent ridge; in this foreign bodies may become lodged. Ry aid of the speeuLum, 
combined with traction ol the auricle upw-ards and backw'arda, the greater 
part of the tympanic membrane is tendered mible (fig. 1047). It is a pearly- 

f ;rey membninep slightly glistening bi the adukp placed obliquely, so as to 
brm with the floor of the meatus n very acute angle (about fifty-five degreesj^ while 
with the roof it forms an obtuse angle. At birth it is mom horiaontal^ situated in 


Fig, SchEfne ■bD^-ing the poirts thr left car aa if viewed through a 

transparent icmpenil Iwiw, Comp^ife wuh fig*. 1046 and 
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almost the same plane as the base of the skulL A reddish-ydiow streak can be 
seen about midway betiivcen the anterior and posterior margins of the membrane, 
and extending from the centre obliquely upwards and forwards; this is the handle 
of the malleus, which is attached to the membrane* At the upper part of this streaky 
dose to the roof of the meatus, a little white, round prominence is plainly to be 
seen; this is the lateral or short process of the mdlcus, projecting apinst the 
membrane. The tympanic membrane does not present a plane siu^ce; on 
the contraryp its centre is dmxvn inwards, on account of its connexion with the 
martuhrim of the malleus, the centre of the concavit>^ ctuTcsponding to the umbo 
(p. itj2.} on the deep surface of the mcmbniiic. A bright urea of reflected light, 
know'n as the * cone of light \ is seen in the antem-inferior quadrant of the mcm- 
bnuie* In from of, and behind, the shore pnHxrss of the malleus, the slightly nmrked 
anterior and posterior malleolar folds ^rc secUi with the flaccid part of the tympanic 
membrane (p. 1272) between them. Behind and pralld to the upper prt of the 
handle of the malleus, the long process of the incus is often seen as a w^hlttsh streak; 
sometimes it can be seen to end below' in a round spot which is the head of the stapes^ 
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App^i^rd /lirdfowy — .vralfiTitnatimis such as Imperfect devdopmenf of the eKlemal 
piuts, Hupemumerary tturtclc, pre-^uncular cysts, Jistulue and sinusci^, or atwcnce of 
the niinniSp arc octaskmady roct with. In the chttci up to the age of 4 or 5 
there is a ^ap in the cntcrdinferior wall of the osseous pan of rhe meatuBs which 1$ 
filled bv mcmhnmc (foramen of Hiiwitilcep p, l-t?) ; it may pembt in the adult, 

'rhe cnnriexions of the fierv'cs of the mealua explain the occtintnoe of reflex 
coughing and ancetiog, from implication of the yoicfua, when there c^als any Murce nf 
irritation in the mcatusp and the vomiting which may follow syringing the eara^of 
children, and the oconional heart failure similarir induced in elderly people, No 
doubt aiao the as^odation of earache with toothache or with cancer of the tongue la due 
to implication of the mandibular branch of the trigemmal nerve, which supplies the 
tec^ and the tongue also, llio upper liaJf of the t^panic mtmbnmc ta much more 
vascular than the lower half ; for thia rcaaonp and also to avoid the chorda tytnpani 
nerve and ossidca, inctsionB through the membrane should he made at the lower and 
postenor part^ 


TiiE Middle Ear, OB I'YMPANig Cavitv (fig;&. 1046, 104S-1050 and 1052) 
The middle ear or ^mpanic cavity, is an irregular, laterally compressed 
space within the temporal bone. It is tin^ with mucous membrane fp. la^) and 
filled with air, which h conveyed to it from the nasal part of the pharynx through the 
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audiioiy tube. li contains a chain of movable leones, which connect its btcral to its 
medial w'all and transmit the vibrations of the ti^mpanic membrane across the 
cavity to the internal ear* 

"Hie lympaitic carily cocisiats of two parts: the tpnpmk cavtiy propgr^ oppo¬ 
site the tympanic membnmc, and the fpiiympojtic rerew, above level of the 
membrane; the latter contains the upper half of the malleus and the greater part of the 
incus. Including the epitympanic recess, the vertical and anteroposterior diameters 
of the cavity are each about 15 mm. The transverse diameter measures about 6 mm* 
above and 4 mm. below t opposite the centre of the tympanic membrane it if only 
about 2 mm- The tympanic cavity La bounded laterally by the t^Tapanic membrane; 
mediallyp by the bteral wall of the internal ear: it communicates, behind, with the 


Fig. obUque KCtkirh throuah the left tcanppml bone, ria ihdw the 

IdtEtml wait qI the middle ear, anJ the tympanic antnim. 
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tympanic antrum and tbmugh it with the mastoid air-cells, and in front Viith rhc 
auditory tube (fig, 104^). 

The roof of the t^panic cavity (fig, 1049) k foimed fay a tfain plate of bone, 
named the trgfrufn tympani, whiefa separates the cranial and tympanic cavities, and 
fomss the greater part of the anterior surfisce of the petrous portion of the temporal 
bone j it is prolonged hackvi'arda so as m roof tlse tympanic antrum, and forwards 
to cover the cania I for the 'rensnr tsTnpani muscle. ! n the young child the unossified 
petrosquamosal suture (p. 335) may allow direct spread of infection from the 
tympanum to the cerebral meniiiges^ In the adults vtins from the tvmpanum pass 
through this suture to the superior petmsal sinua, or the petm&c|uamDUS sinus if 
pre^mt (p. 849)^ and may transmit infectinn to the irpracraniii] sinuses. 

The fioor is narrow, and consists of a thtn+ cnnvcit pktc of bone which separates 
the ty mpanic cavity from the superior bulb of the internal jugular vein (fig- 105^) : 
in places this bony wall may be deficient, and thcii the tympanic cavity is separated 

Eic, 1050.—TTtc laicni! wa!l tif the kfi 
tympanic cavity, (After Teaiui,) 
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from the vein by mucous membrane and fibrous dssue only, Jn the floor of the 
tympanic cavity, near the medial wall, there Is a small aperture for the passage of the 
t)'mpanic branch of the glossophaiyngcal nerve. The floor is sometimes ihicN and 
contains some accessory' mastoid air-cells^ 

The lateral wall of the t>inpanic caWty (figs, 1049 and 1050) is formed mainlv 
by the tympanic membrane, but partly by the ring of bone in which this membrane 
b attachecL There b a dcfisdency or notch in the upper part of the ring, close to whidi 
arc three small apertures^ v'iz, i the anterior and pEasterior cnnalicuJj for the chorda 
ty mpani nerve and the petrotympanic fissure, 

I'he camUculuj for thr chorda tympani nme k situated in the angle of 

junction betw cen the posterior and kteral walk of the t>Tnpanic carity immedTstcly 
behind the tympanic membrane and on a level with the upper end of the handle of the 
malleus; it leads into a minute canah which descends in front of the canal for the 
facial nerve, and ends in that canal about 6 mm. above the stylomastoid foramen. 
Through it the chorda tympani nen^e and a brunch of the styldmastoid artery enter 
the tympanic cavitj% 

The petrotympanu fissun opens just above and in front of the ring of bone into 
which the tympanic membrane is inserted; in this situation it is a mere slit about 
2 mm, in length. It lodges the anterior process and anterior ligament of the malleus, 
and transmits to the tyuipauic cavity the anterior tympanic branch of the maxilkrv' 
anerj^ 
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The ^mtaiicufas far tht chorda tympam nerve h placed at the medial ead 

of the petrotympanic fissure i through it the chorda t>Tnpani ncn c leaves the 

tympanic cavity. ■ _ 

'flic tvmpatitc membrane (figs. 1041), 1050} separates the tyti^panic cavi^ 
from the cjttcmal acdusiic meatus. It is thin nnd seini-iransparentp nearly ovja in 
form, somewhat broader above than anti placed very obliquely, forming an 

ancle of about fifty-fi^x dtgreis with ihc floor of the meatus. Its longest djameter 
is dowTiwards and fonvTirdi, and measures from g tu 10 mm.; Its ahortest diameter 
from 8 to g mm. The greater part of its circumference is tJiickened. and rorms a 
fibrocarttlopinous ring which is fiswi in the tympmik mirtu at the m^id end of the 
meatus. iThis sulcus b deficient superiorly, and from the enda of notch turn 
bandsp termed the anfmor and pmterior malli^orfaidi, are prolonged to the lateral 


FfO. 1051 .—Biction of the lyiripfluie mcrnbrBne fifntn th? spccienon ahowTl in 

fig, 
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proce^ of the malleus. 'I’hc small, somewhat triangular part of the membrane 
situated al>ovc these folds la las and thin^ and is named itic pars Jlsccida ; a small 
orifice b sometimes seen in it. The cliicf part of the mrmbmnc h taut and is named 
the parr Sma, The manubrium of the malleus is firmly attached to the inner surface 
of the tympanic membrane as far as its centrCp which projects towTtrds ike tympanic 
cavf ty t the inner surface of the membrinc ts thus ccinvcJt, and the point of greatest 
convexitv is nanted the wnbo* Although the membrane as a whole is convex on its 
inner surface^ its radiating fibres {vMe infra) arc curved with their concavities 
directed inw-ands, 

Stmclure.—ll^c tympsoic membrone is composed of three strata : nn outer 
(cuticuLar}> an intermediate (fibmus), and an inner (mucouah Tlie cutkufar layer is 
derived fr^im the akin which lines the eKtrmiil acoustic meatUH> and coii^fsis of 
ptratified epithelium. iihroar strnlnm consists of two layers: a superficial 

lover of radiate fibrea which diverge from the msfiubrium of the malleiu, and a deep 
layer of circular fibres, which are plentiful around the drcumfcrencc, but sparse 
and scattered near the centre, of the mrmhnEiic. Uranched or dendritic fibres are 
also prL'sent, cspcdally in the posterior Mf of the raembrnnr. The mucoui layer is a 
port of themneoua merabranc of die tympanic cavity; it is ihkkest towards the 
upper part of the incnibranc, and is covered by a layer of ciliated columnar epithelium 
(fig^ 1051). in the flaccid part of the tympanic membrane the fibrous stratum is 
Teploccd by loofic wfinccrivc dssue. 

Veiseii and NerveSr —-The arierkr of the tv-mpanic membrane am dern'cd from 
the deep aurieular bmneh of the fnaxillary erfety, which ramifies beneatli the ctitieulor 
stratum; and from the stylomastoid brunch of the pmterjor auricrulsr artery* and 
tympanic branch of the mstfillary artery, which am distributed to thii mucoua 
surface. The luperfkml neint open into the external jugular vein ; those on the deep 
aurface dfoin partly into the tnins^'crBe ^ioui itnd veins of die dura maierp and partly 
into ihc plexus of veink on the auditory tube. 'Fhe men^branc neecjvcs its ttrrtt- 
tiippiv fTom the auricalorempornl branch of the mandibular ncn’c^ the liuricular 
branch of the vagus tier^^e^ and the ivmpanac branch of the glossopharyngeal nervt. 

The medial wall (fig, i&S^) of the tympanic cavity is fanned by the lateral wall 
of the imeitisil car. It pneaenis for examination the promontory* tJie fenestra 
vestibulh the fenestra cochlese and die prominence of the fecial nerv^e canal. 

The promontory is a rounded prominence furrowed by small grooves w^hich 
lodge the nerv'ts of the tympanic plexus. It is formed by the projection autwards 
of the first turn of the cochlea. A minute Hpiculn of bone frequently connects the 
promontory to tlic pyramid on the posterior wnlL In front of the promontoty the 
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apex of the cochlea is clofitty related to the medial wdl of the t)'mpanum (iigs. 104H 
aad 105;!). 

Tile frjtrstra v^rh'buli h a reAifonn openinj^^ situated above and behind the 
promontOTy^ and leading from the tympanic cavity into the vestibule of the intema] 
ear ; its long dianieter is honzontal, and its convex border is directed upv^’ards^ In 
the recent state it is occupted by the base of the stapes^ the circumference of which is 
fixed to the margin of the fenestra by the aonidar ligament. 

*tlie/ewef/rtf k sititaicd b^low and a little behind the fenestra vcfitibuli, 

from which it is separated by the posterior part of the promontory. It lies completely 
undercover of the overhanging edge of the promontory In a deep boUow or niche. 


FiGh IC52.—'Ac obliqiifi acetian through cht left tempeiaj bone, to show the 
mfdjit] wftU of the middle car. 

Fofi^ immt 
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Ihc oetthlu KTid tlif Knikireulflf wuiJf an outlined in itfu*. 

Note the rehuJotifthip of the lirst coil of tb« cochks to dir promentoov and 
Utc rdeitianshipi of ihc fiLciil nerve oinal and the laicial acfnicitcuLar esjui to tJlC 
medial Willi of the pdiLuB^ 

It is placed very obliquely» andp in the macerated bone, opK!Jis upwards and for¬ 
wards fmm the tympanic catnty into the s«^la tympani of the cochlea. In the recent 
state it is closed by the ^cfondurj iympank meiwArfimr^ which is somewhat concave 
towards the tympanic cavity and" convex towards the cochlea, the membrane being 
bent so that ita po^ero^perior one-third forma an angle with its antero-inrerior 
two-thirds. This membrane consists of three layers ! an external derived fmm the 
mucous lining of the tympanic cavity an internal, from the lining membrane of the 
cochlea; and an Intcimcdiaic, fibrous, layer^ 

The pTomiriirntf of thi faa^l rierv^ Indicates the position of the upper part 
of the bony canal in which the facial nerve is contained , this canal, the wail of which 
may be partly deficient, traverses the medial wall of the tympanic cavity from before 
bacicvvatds, immediately above the fenestra vestibuli, and then curves downwards in 
the posterior wall. 

'Fhc posterior wall of the tvtnpanic cavity (fig* 1053) is wider above than 
below, and presents for examination the entrance to the tympunic antmm, the 
pvTumid and the fossa incudis. 

Tlir aditus to fAe tympamc antrum ia a Idtge irregular aperturCp which leads back¬ 
wards from the epItWipanic recess into the upper part of an air-sinus, named 
the tympamc anirnm. On the medial w^ll of the entrance to the antrum 
there La a rounded eminence^ situated above and behind the prominence of the 
facml nervT canal; it corresponds with the position of the lateral scmiciiciilaT canal. 
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llic piTiimiW is situaifni infimediatjcly bchinil the fenestra %'estibulii amd in front 
of ihfc vertical portion of the facial nerve canal j ic is hollow, snd contai^ the 
Stapediua muscle \ its siuninii projects forwards towards tlie fenestra vcsbbulu and 
is pierced by a amaM aperture w'hich transmits the tendon of the muscle. The cavity 
m the pyrairtifl is prolonged down^vards and backw-ards in front of the facial nerve 
canal, communicates with the latter by an aperture which transmits a twig 
from the facial nerv^e to the Stapedius muscle. 

The fma innidis is a small depression in the lower and poslerior pan of tiie 
cpltympanic reecto ; it lodges the short pnHxss of the incus, which is fixed to the 

fossa by ligamentous fibres. _ _ ^ l 

I'hc iympiirfk tiulrum (figs. 1046, T048,, 1049, iojc+ 1052) is an iiir-siniis in the 
petrous part of ibe lemporal hone. Its topographical relations an? of great impor¬ 
tance to the surgeon. On the upper pari of \ts anterior wall is an opening, me 
miiius, which leads forwards into the cpitympanic recess ; fTtediall>% the aditus is 
related to the lateral semicircular cimaL medial wall of the anintiti itself is 

rcUted to the poaitrior semicircular canal (fig. 1048). Pofiieriorly the ^inim is 
cltMsely related to ihe sigmoid sinus ; acme of the mastoid air-cells may intervene 
bciwecn them. The roof of the antrum, formed by the tegmen lympani. is rebted 
to the middle tranbl fossa and the lemfK^tal bbc of the brain. The fioor haa a 
number of apertures through which the antrum communicatca with the mastoid 
air-cell-!. Aniero-inferiorly, the antrum is related to the descending parr of the 
caoal for the Facial nwc' '[‘he blcral wall of the ontmm, through which die 
surgeon usually appn»aclies the cadty, is formed by the postmeaial pmecs^ of the 
5t|uamuus part of the temporal btiftc. This wall is only i mm. thieh at birth, but 
incrcasea in ihickness at the rate of approximattly 1 mm. a year, attaining a final 
thickness of la-i 5 mm. I'hc bteral w all of the antrum in the adult corresponds to 
the supramtalal triangle on the outer surface of the likiill (pp, 27S, 320); it lies 
iK-ncath and can be fell through the c^inba coftcke (p. 1164). The upper side of 
the irionBle^ formed by the supramastoid crest, is on a level with the noor of the 
middle cinnial fossa } the front side, foirned by the fioslefosuperior margin of the 
orifice of the external acoustic mcatu^^ Itm approximately along the course of 
the descending part of the canal for tire facial nerve ; and the posterior side, formed 
bv a vertical tangent to the posterior margin of the meaial orihee, lies just in front 
of ihc ct>urac of the sigmoid sinus* In the adult, die tympanic antrum has a capacity 
of about I c.c.^ each of its dbmciers being about 10 miHi .\t birth, unlike ibe 
other cranial air-sinuses, it is vvcll-dc%Tloped and almost the same si^e os in the 
adult: it lies at a higher level In relation to the external acoustic meatus, than in 
the adult. In the vxry young child, owing to the thinner of the bteral wall of the 
antrum and the absence or feeble devcluptnent of the moxtoid procc^, the stylo- 
mastoid foramen and the emerging facial ntrve arc very superficially situated. 

The >ifij‘jr^«j£frffr-fd'//u/rr(Plates 111 and IV^ figs. 1046,1052) vary considerably in 
number, form and size in different individuals. In generait they form a aeries of 
intercommunicating ciivities, lined by mucous membranct with a flattened min- 
ciliated epiiheUum, continuouB with that of the t)'mpanic antrum and tympanic 
cavitv. lu some cases lirey extend throughout the niiiistoid process k even to its tip, 
and some of the celb may be separated from the sigmoid sinus and tlie ptialerior 
cranial fossa by extremely thin bone, w hich oL'casionally show^ deficiencies, fkitne 
of tire cells may lie superficial 10, and even behind the sigmoid sinus, and others 
may he in ihc poaierior vra\\ of the descending part of the canal for the facial nervo. 
Those contained in the si|uanjt>us part of the temporal bone may sometimes be 
Separated from the deeper cells in the petmus part by a plate of bone lying in the 
situation of the sauamo-niastold suture of early life. In ottier cases, the cells only 
extend %'^cry slightly into the mosiuid process, and the mastoid consists largely cither 
of denac bone or of canwHous t^ne containing Imne narrow. All varieties of 
nwtoid prtx’CSS occur^ with vaiying mixtures of the above structures, and three 
types tiF mastoid are described, namely, pneumatic (containing many air-celhijk 
sclerotic (with few or no air-ctrlls) imd mixed (containing air-cells and borte marrow)^ 
Th^ cells may exiend bejtirtd the confines of the mastoid process- l"ht:y may 
extend for sonre difttauce into the squamous part of the temporal bone abiive the 
aupnmosioid crestk and aJw> into the posterior root of the aygoma. Others may 
extend fonvards into the roof uf the oss^tis part of the external acoustic mtatufij 
b-ing immediatety belov^ lire middle cranial fossa. Some may extend into the fl<mr 
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of tlic tyn;paiiic cavity, lying in ^ery dose rebrinn lo the superior ju^ubr bulb. 
R:ircSy a few cells may excavate the jugular process of the occipital bone. An 
impnTiant group of ccrUuLcs may extend medially into the petrous part of the tem|Minil 
bone* reaching even as far as its tip, and related lo the auditory' tube, the carotid 
canal, the Jabyrinih and the abducent nerve. Some in%'esiigatoni maintain that 
these peimws cells are noi directly continuoiii# with the mastoid cells proper, but are 
independent outgrowths from the tympanic cavity, llie extensions of the mastoid 
air-cells described abosx; arc of considerable importance to the dmicLsn. Infection 
of the cells may spread to the structures mentioned above as related to them. 
VV^hertos the tympanic antrum is well-developed at hirth, the mastoid sir-ccll^ at 
this lime arc only just beginning to develop as tiny diverticula from the antrum. As 
the mastoid procesi bijglns to develop in the second year, the cells gradually extend 
into tt^ and by the fourth year they are well formed^ though their greatest gro\%th 
occurs at abimt the age of pulnuty. In alsiut 20 per cent of cases the mastoid 
process is not excavated by air-cells. 

The anterior wall of the tympanie cavity is constricted owing to the approxim¬ 
ation of the medial and lateral wniU of the ca%ntj'* Its lower and larger part coOfilsts 
of a thin lamina of bone which forma the posterLor wall of the carotid canal, aJid is 
perforated by the superior and inferior caroticotyTn panic neix^ea, and the lytnpanic 
branch of the internaE carotid artery. At the upper part of the anterior wall there arc 
tW'Q canals* placed one above the other ; the higher is the <&ttai for fh^ Tensor 
tympisni musehy the lower, the hony pari of tht nudiiory These canals incline 
downwards and fur^vardap and opiui in the angle betwcdn the B<|u&inims and pclrtnis 
parts of the temporal bone ; they arc separated by □ thin, bony septum. The canal 
UiT the 'I'cnsor tympani cmd the septum run backwards on the medial w^all of the 
tympanic cavitv, and end immediately above the fenestra vestibuli^ where the 
posterior end of the septum is curved laterally to form a pulley^ iiarncd the proerssta 
rf^fiUari/orTNiSt over which the tetidon of the I'cnaor tympani bends in a lateral 
direction to reach its insertion into the upper part of the handle of the mafleus. 

The auditory tube (or pharyfigofympimir tufir) 1045, 1Q4K, 1040) is the 
charuicl through which the tympanic cavity enniniunicatcs with the nasal pxrt of 
the pharynx. Through it air passes from the pharynx to the tympanic cavity and 
et^ualiscs the air-pressure on the inner and outer surfaces of the tympanic mem¬ 
brane. Its length is about 36 mm,, and its direction is dowmwards, forwards and 
medially, forming an angle of about 45"' W'ith the s;)gittal platic and one of about 30' 
with the horizontal plane. It is formed partly of bone, partly of cartilage and 
fibrous tissue. 

The bony part of the tube is about ta mm. long. It begins m the anterior w'all of 
the tympanic cavit)^ and, graduaDy narrowing, ends at the angle of junction of the 
^uamouB and petrous portions of the temporal bone, its extremity presenting a 
Jagged margin w'hieh ser^^es for the attachment of the cartilaginous part ; the carotid 
c^a! lies on its medial side. It Is oblong in transverse section with its greater 
diameter from aide to aide. 

The ciirti/nginous pan of the tube, about 24 mm* long, is formed of a triangular 
plate of cartilage, the greater part of which is situated in the posteromedial w'all of 
the tube. The apex of the fibrocartilagc is attached by hbrouB tissue to the circum¬ 
ference of the medial end of the bony part of the tnbe^ W'hile its base lies directly 
under the mucous membrane of the lateral wall of the nasal part of the pliarynx^ 
where it forms an elevation, known as the labai eievafion, behind the pharyTigeaJ 
orifice of the tube. The upper part of the cartilage is bent laterally and downwards, 
and the cartilagic therefore consists of a broad mt Jiai latnma^ and a narrow futrral 
tamina. On transverse section the cartilage has the appearance of a hook; the 
groove or furrow' produced by the bending of the cartilage is open below and 
Laterally, and this part of the w'all of the canal is completed by fibroua membrane, 
'rise cartilage is fixed to the base of the sknll in a groove betw'een the petrous part of 
the temporal bone and the greater iving of tbc sphenoid bone ; this groove ends near 
the root of the medial pterygoid plate, llie cartilaginous and bony part^ of the tube 
arc not in the same plane, the former indioing dovrow'ards a little more than the 
latter^ The diameter of the tube is greatest at the pharyTigeal oiifice, least at die 
junction of the bony and cartilaginous portions, and again increased towards the 
t^mipanic ca^'ity ; the narrowest put of tbc tube is termed the f'sifimus. 

The mucous membrane of die tube is continuous in front with that of the 
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pharynx, and behind with that nf the t^patuc cavity; it is cover^ ciliated 
cnliunnar epithelium and h thin Ln the bony part, while in the cartila^nous part it 
contains many mncotis glands, and near the phaiyngeal orifice a eonaidcrable 
amount of Ivm&hoid tissue^ the iabf-tomiL . , , l 

Anterolatcrally the 'I’ensor veil palatini muscle separate the inbe 
from the otic ganglion^ the mandibular nerve and its branches, the chorda tv mp^mi 
nerve and the middle meningeal artery. This muscle receivea some fibres fmm the 
lateral lamina of the cartilage and from the membrantnis part of The tube : these 
tibnis constUuie the Ihtatafor tuba muscle. The Salpingopharvmgcus (p. 1390) is 
attached to the bwer part of the cartilage of the tube near its pharyn^-al opening. 
Posteromcdially ihc tube ib related to the ^tmus part of the temparal heute and to 
the Levator vcli palatini musde, which arises partly rrom its medial lamina, [ he 
position and reblitms of the pharimgeal orifice are dcscnbcd with the nasal part 

of the pharvTix (p. 1 , ... 

The tutie is opened during deglutition hill the mechanism is Uficemm, borne 
cJalni that the Dilaiaior tuba:, possibly aided by the Salpingopharyngtus, is r^pon- 
sible, Ihougb othen* deny tlic existence of the Dilatator tubte muscle. It is also 
elairned that the Levator vcli palatini, by etev’ating the cartiloginous part of the 
tube* allows the tulw to open passively hy releasing tension on the cartilage. 

In the nvw-bom cHDd the audhory tube is about half as bnw as that of the adult. 
Its direction is more hori»ontaL a«d its bony pan is rekilvcly shorter, but much 
wider than in the aduh. Its phufyitKeal orifiot it a narrow^ slit, which ifi on a IcveJ 
with the paklef and h devoid of » tubal elevation. 

anti jVVrtYJ-^Thv orfrrirs of the audiOiTy lulie anr derived fitmi the 
ascending pharynji^ branch of the extctnal carotid artery und from tw^r hnmehefs 
of the maxillary artery, viz.:—the middle meningeal artety End the urieiy of the 
ptery goid caruil. 'i’he iriiu open into the pteryi^oid venuua plexus. The nfrrrt of the 
lube 9prin»2 fn>rii the tympanic plexus (p. 11 iS) and from the phacy ni^eal brunch of the 
ptcrygopalaiine ganiilion. 


'Fhe Auurrcjfly 

The tympanic cavity conmins a chain of thi^e movable ossicles, the WTrt//fWj 
incus, and rftJp^t^ The fnallcui^ la attached to the tympanic membrane and the hiwe 

of the stapes is attaclicd to the dfcum- 
fcrcncc of the fcncstm vestibuli, while 
the incus ia placed between^ and art!- 
oilatcs with, the nmheua and shipeiis* 
The malleus (%. 1053)^ so named 
from its fancied resemblance to a ham- 
flier, is from 8 to 9 mm. long, and is 
the largest of tlie auditory oi^ielcfi. It 
cofisists of a headp neck and thn^ pro- 
eesses^ viz, the mantihriunt or handle^ 
and the anterior and lateral processes^ 
The head, w hkh b the large upper 
end of the bone, k situated within, the 
cpitympanic recess ; it is ovoid in 
■hape, and articulates posteriorly with 
the incus, being free in the rest of its 
extent. The facet for artioilation with 
ihc inetta ia constricted near the middle, and insists of an upper lajgcr and lower 
smaller part^ situated nearly at right angles to each other. Opposite the constric¬ 
tion the lower margin of the facet proiects Ln the form of a process, which is named 
the cog-t^th or $puF of the malleus- 

ITie mck is the eontracted part just beneath the head s below the neck there is 
an enlargement to which the yarioufl procesties are attached. 

The handh 0/ fhr nidlirm b conneetrd by it* lalerai margin with the tympanic 
membrane. It b directed downwards, medially and backwiards x it decreases in size 
inwarcb its free end, which is cuned slightly forvuirds and Haticned tfain.sversely. 
Near the upper end of its medial Surface there is a slight projection, into which 
ihc tendon of the Tensor lympani b inserted. 


I-IG. 1053.—^Vhe lefi infllkiis. A- From 
hehitid. B. From ihe n^iul tide- 
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'riie anfmar pr&ceis is a delicate spicLiLc^ directed fom'ards from the enlarge¬ 
ment below the neck; it is connected to the petrutympiinicfissure by ligamentous 

fibres. In the feetus this Es the longest 
process of the riLalleofi^ and it h con¬ 
tinuous in front with the cart t] age of 
Meckel (p. I iS), 

'Ihe lateral process is a conictl 
projection which sprinp from the n>ol 
of the handle of die malleus; it is 
directed liateralJy, and is uttachttitothc 
upper part of the tyinpanic niemhnmc 
and, by means of the an tenor and 
posterior malleolar folds, to the ex¬ 
tremities of the notch at the upper 
part of die tympanic stikus. 

Ossificatjon. 'J'hc malleus, wnth 
the c.vceptEon of its anterior p^f^ccss^ is ossified from a single centre, which 
appears near the neck of the bone in the fourth month of intraiiicrine life. ITie 
anterior proci-ss is ossified separately, in mcinbrane, and joins the main part of the 
hone about the sixth month of ffctal life. 

The incus (fig. 105^) ha.s rcceii cd its name from its supposed resemblance to an 
anvil, but its shape is more like that of n prcmolar tooth, with tw'o widely diverging 
rmits. It itmsists nf a body ^nd tW'o processes. 

rhe botiy is somewhat cubicut, but compressed laterally. On its anterior surface 

there is a saddle-shaped facets for articu¬ 
lation with the head of the malleus. 

The tong proem, rather more than 
half the length of the handle of the 
malleus^ descends nearly vertical] y, be¬ 
hind and paraileJ to that process ; its 
lower end bends media] lyv and termi^ 
nates in a rounded projection, named 
the fmti/orm iiodatr, the inner surface 
of which is coi ercd with cartilage, and 
artiuulatca with the head of the atapes. 
The short process, somewhat conical 
in shape, projects backw-ords, and is attached by ligamentous fibres to the fossa 
incudis, in the lower and posterior port of the cpitympanic recess. 

OasiEcation. 'The incus is Qss.ificd from one centre, whid) appears in the 
upper part of its long process in tlie fourth month of intrauterine life ; the lentiform 
nndnk may have a separate centre^ 

I'hc stapes (fig. 1055), so called from its resemblance to a stirmp, consists of a 
head, neck, two limbs and a baac. 

The head h dlrecled laterally;, and on h there i^ a depression for articulation 
witJi the lentiform nodule of the incus. 

The neck is the constricted pari supporting the head : the tendon of the 
Stapedius muscle is inserted into its posterior surface. 

The hmbs diverge from the neck and are connected at their cndu by a Rattened 
oval plate, terrned iUcb<m, w'hicb forms the footplate of the stirmp and la fixed to the 
margin of the fenestra vest!bull by a ring of ligamentous fibres^ The anierior limb 
is shorter and less cun.'ed than tlic posterior. 

Ossification.—The stapes is ossified from a single cenfre, which appears in the 
base of the bone in the fourth monlh of intrauterine life. 

The articulations of the auditory ossicles,—The incudomalkokr joint is a saddle 
artEculanon. The incudosmpediid Joinl ip s ' ball-ond-rocket ' ortieulalion, f^eh 
tp enveloped by an articular capsule containing a con$ide fable amount of clastic 
tissue.* 

The Uga meats of the ossicles.—-The ossicles are coruKcled to the walls of the 
tympiinic cutfity by ligaments : three for the malleuB, and one each foi- the incus and 
Stapes. 

I’he anterior ttgotficni of the nmltfms is attached by one cod to the neck of the 
* D, V. Davies on d . Hspiy, Joum. Lnryn,. unit Oftd, ^ i ^4!^^ p, 553. 


Fia. 10^5.-— A, The left Ptupes. a. Medial 
surface of its bkae. 
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□uUcus. just above the enienor process, and by tbe other to the aniefiof wall of the 
tympuJiic cavtcy, close (o the pctrotyrnpHnic Assure, some of its hbtts being probni^ 
dirtrugh flic fissure lo reaeh the spine of the sphenoid bone ; some fibres wfe con- 
fiiiued into die fipbcntMnandibukr ligament^ boih this iigamenr and die ^tenor 
ligament of the mnlleua being deHved from the fibrous sheath of the aiTtilugc of 
Mcekei (p, J iS)- The ligament may cfintoin muscle fibres (the Laxator c^TYiponi or 
Mustolua extemus mallei). 

ThQ hterat ligmiitHf &f tfK mailms is a triangular tsand passing from the pf isierior 
part of the border of the lyTopanic nntdi fo ifw liciid of the malleus. 

I'lci. io5(i.“MiK:aOT niembranc of the t>Tnpanit cflvtcy near the cnimnee of 
the aaditori' tuhei. Fram the iipeeimeji ahovm in fig. 1064 . 





i ' 


The mpericr ligament af f/ie malims eonneCEs tbe head of die malleus to the rtaif of 
the epit^Tnpanic recess^ 

Tlic poiieriar ligament afihe inms eonnects the end of the short pnaceis of the Sneus 
to the fossa ineudis. 

nlie TttpetiftF ligameni a/ the inrvt is liiile mote than a fold of mudous membninc% 
pas&itig from the body of the incus to the roof of thr cpityTnpanic recess. 

The I'estibular luifacc and the dnrttttifc fence of the base of ihc $Uip» are covered 
with hyaline cartilage; tlist endrcling the base is attached to die margin of the 
fenestra vefltlbuli by a ring of clastic fibre-i, teitocd the ttnnular ligament 0/ the hate vf 
the tiapei. The poatenor part of this ligament is much narro^ver ihm the anienor part^ 
and seta aa a kind of hinge on whidi the base of the stapes moves when the Stapedius 
muscle controctai 

The muscles of the tympanic cavity are the I'ensor tympant and Stapedius. 

The Tensnr lympanl {fi^. 1045, U contained in the bony eimal above the 

bony part of the auditory tube, from which it separated by a thin bony scptvim. 
It ames fmm the cartlLag!nous portiun of the auditory tube and the adjoining part of 
the irreBtct wing of the sphenoid, well as fmm the bony cans! in which It con- 
min^. Foaming backward* through the canal, it ends in a slinndcr Icndon which 
bends iaterally Kwind the pulley-like processus coehleRriformis^ ami Is inserted into 
the handle t>f the malleus, near its root. 

Nervt-aupply.—ITie Tensor tympsni is supplied by a branch of the nerve to the 
Medial pterygoid muscle^ which in its turn is a branch of the mandibular nerve, and 
traverses the otic ganglion without miemiptinn (p. t 

'Tltc Stapedius arises from the wall of a conical cavity in the pyramid and from 
the oontimiatmn of this carvlty which passe® down in front of the cb^ending part of 
the canal for the facial nerve (p. 1174) : its tendon irtiiergcs fmm the orilke st the 
apex of the pyramid, and, passing fOTWanis, is inserted into the posicrior surface of 
fhe neck of rbc stapes. 

Nerve-supply,—“The Stapedius la supplied by a branch of the facial nerve. 

Actions,—Under normal cnnditiofis, the Tensor tytppani and the Stapedius con¬ 
tract simuliancoiisly and refkxly in respond to sounds of fairly high intensiry, evening 
** 0. proieciive damping effect upon srjund vibmriorLs reaching tlw internal oar 
llie Tenwr on cantracdun pulls inwards the tympanic membrurLc and renders it 
more tense ; its action obo rtsults in the base of the stapes^ being pushed more tightly 
into the fencatra vcutibuli. Ttie Stapedius opposes the Uilcr action nf the Ten&sir. 

hfafoeinenis of ifte auditory otsieiej .—The handle of the malteus rollnws all the 
movementis of the tympanic mcmhmne, while the malleu® and incus rotalc together 
lUTriind an axis which rum duxnagh the short process of the meua and the anterior liga- 

* C. S. Hnllpikef On tbc Function of the T>Tnp»nic Mmetes,^ Pfoc. Roy. Sec, 
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mtni qf the mnllcus. When tilt membrane and the handle of the malleus 

move inwards, the lon^ piocc$$ of the incus aImj moves in the &ame direcdon and 
pushes the bflse of the stapes towards the labyiinth. This ztiqtion is iconimiinic^tcd to 
the fluid (penl}rTnph) cojuained within the lib^^iinth and the movetnent of the peri* 
lymph caua^ an outw'ird bulginj; of the secondary tympanic membrane which closes 
the fcneslra coehJeiie^ The conditions are re^Xirsed when the tympanic membrnrtc 
tno^xs in an outward direction^ hut if thia mot'cment of the membrane be cKoggenitcd 
the incus does not follnw the full tHitward excursion af tJhi malleus, but merely glides 
on tbia bone at the incudcrrmlleolar joints and thus the danger of pulling the base of the 
stapes out of die fenestra veadbuli is avoided. When die handle of the mallcua is 
carried inw'ards, the cog-1 wth or spur on the lower matigin nf the head of the malleus 
locks the incuiiomalleolar joint, and this necessitates an inward movement of the long 
pmce^s of the incus ; the joint; is unloclEed when the handle of the malleus is cam'cd 
ourw^ids. The three bN^ines collectively ^ct aa a bent lever, so that the base of tlie 
stapes docs not moyo in and nut of the feneaura vescibuli like a piston, but rocks on a 
fulcrum which is situated nn the lower border of the fencatm, and at tlus site the 
annukr ligament is thickened. 

The mucous membrane of the tympanic cavity is continuaus with that of 
the pharynx, through the audito^^ tube. It invents the auditory ossicles and 
the muscles and ntrn’es contained in the tsTnpanic cavity, forms the inner layer of 
the tympanic membrane and the outer layer of the secondary tympanic mem- 
branc^ and li ncs the tympan ic d iitnim and mastoid air-cells. 11 forms scveral vascu lar 
folds which extend from the W'alla of the ly^mpanic cavity to the ossicles ; of thcsei 
one descends from the roof of the cavity to the head of the malleus and upper rmtt^iii 
of the body of the incus^ and a second invests the Stapedius musde ; other fold* 
invest the chorda tympani nerve and the 'tensor lympani muscle. These fold* 
separate off pouch-like rtcesses, and give the imerior of the tympanum a somewhat 
honeycomt^ appearance. One of these pnuche*, termed the nipermr wetf 0/ 
thp iymp^ttie tnernh'mef lies between the neck of die ntallcus and the pars Baccida. 
Two other recesses, termed the antenor and pi^stmor rejtmrs 0/ ihe iympa^k mm- 
ifranft may be mentioned t they are formed by the mucous membrane w'hkb en¬ 
velops the chorda tympani otirve, and are situated^ one in front of* and the other 
behind, the handle of the malleus. In the tympanic cavity the mucous membrane 
is pale, thin and slightly vascular. It is covered with ciliated columnar epithelium 
except over the posterior part of the medial wall, the posterior wall and the audi¬ 
tory' ossicles where the cells are flatter and nrincilisted. Near the oHliec of the 
axutitory tube numerous goblet cells are present, but a|>art from this there are m 
mucous glands (%* 1056). The ti.'m panic antrum and the mastoid air-cells are 
lined by a flattened nonciliated epithelium. It is to lie noted that the tympanic 
cavtty and tymipanic antrum, the auditory ossicles and the structure* comprising 
the internal car are more or less fully developed by birth and undergo little aub- 
secjucnt aheration. Tn the feetns the tymipanic cavjty contain* a jclly-lifee tisauCT 
which has practically disappeared by hlrtht at which time ilie cavity is filled with a 
fluid that is absorbed after birth when airentcra the cavity through the auditory tuhc+ 

oftd Th* arirrits are six in number.. Two of them are larger than 

the others^ viz. tlie anterior t>TnpiiJiic branch of the oiaxiUary artery, which supplies 
the tympanic membrane, and the srylqmasioid branch qf the posterior auricular artery, 
w'hich supplies die posterior pari of the tymparuc cavity md mastoid air-celU. Tlic 
amatler arteries are—^rhe petrosal bnuich of the middle meningeal artery, which enters 
through the hiatus for live greater petro^l nerve; the superior lympank branch of 
the middle meningeal arterj', w'hJch traverses the ninal fur the Tcnsc^r tympanJ ; a 
branch from the lucending phaiywgcal artery^ and another frmi the anerj^ of the 
pterygoid canah which aecooipany the auditory' tube ; and the tympanic branch from 
the internal carohd artery, given off in the carotid csinsl and perforaimg the thin 
iuiieriqr wall of the tympanic esvity^ Jn early life the stnpedia] nnery posse? 

through the ring of the stapes (p. 169). The vam terminate in the pterygoid venous 
plexus and in the superiur pctroFisI Sinus. Frrvm the mucous membnme of the r>7n- 
panic antrum a small group of veins run* medially thmugh the arch formed by the 
siiperror ■scmidteulBr canal. They emerge on the posterior surface of the petrous part 
of the temporal bone ihmugh the Buburctmte fossa, and open into the superior petrosal 
smUH. These small veins are the remains of the larue suharccatc vein* of the child, 
and cunstitutc a paihw^ay of infection from the tympanic antruni to the meninges of 
the hrain, I’he lyftiph rerw/^ are described on page 8SS9. Tlic ntrt'ts conslituEe the 
tympan tc plexxiSi which ramifies uptm the surface of iJjc promonTory'. The plexus i* 
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formcil by (i) the tympanic branch of the gln^phartTifteat nerve, and (j| the 
eumticotympanic nerves. 

The lympdiwV bnmth of iha gtossopharyj^eal enters the tytnpanic cavity by the 
i^analjeuius for the tym^nic nrrve^ and dbitlca into branches v^hich ramify on the 
pepmontory and enter tnio iht: formation of the t^-mpunic pIcKus. The rupcrior aitd 
iafetior mrofirotympanir iifnvr> fruiri the autitid plrtxoa of the sympathetic, pass 
thmugh the wall of the caTOiitJ canals and join the picscu^, 'l"he tympanic pkxus sup¬ 
plies, (fj) branches to the mucous lininti of the tyinpanic cavity, auditory tube, unJ 
mafiroid air-edb ; (frj A brancl'i which koc» through an openinif in nf ihe fenestra 
vest!bull and joins the greater petrosal nerve i and (f) the Ictirr petrotaf ttervr, which 
may be looked upon as the cxmiinuation of the tympanic branch of ihe ^losso- 
pharyn|<eal nerve through the t^nripanic plexus. Xhe lesser petitwal ne rve traverses a 
small canal below the cnnBl f«r the Teiiaor rympiLni, runs past, and receives a connect- 
ing branch From rhe ganglion of the Facial nerve, and naiche^ the ^liertur surface of 
lilt rtmpcirfll hone throuKh fl sTtiall npening on the lareral side cpf the hiatus for the 
grtratet pretm^aJ ner^t. It then passe* thrnugh the foramen ovale i>r rite emissiaTy 
sphenoidal foramen fp. 31* •) and joins the otk gungliorL fp. Postganglionic 

fibres pass front the otic ganglion, via the aurieuln-temprjral rwrvv, to pnividt- the 
feertto-m-otor supply for the parodii gland. 

fhort/o tym^ni nme is gi^-en off (vom the Facial nerve, nbfsaJt 6 mm^ before 
that nm'c cmerHca from the styloniasioid foramen^ It runs upwards and fowards in 
a canal, and enters the tympanic cavity through the ^cuffn'ar conoHculut. It then runs 
fort^urds in the aub^mnee oF the rymp&nlo membnitie lying between the mucoui and 
fibrous layers (p. 12.J2). After crossing the upper part of the handle of the malleus it 
reaches the anterror wall, and passes through the uitrm'or t^onaUatluM. 

'nsL- irrrt'jw tptnoim (p. r to^), n branch of the mandibular fierce, supplies branches 
to the mastoid aiT-ccIb- 

App^ied .dwtffomy.—Fractuiea of the middle fossa of the base of ihc shull almost 
invariably invob'e the tympsinic and arc accompanied by 1 rupture of the tym- 
panic membrane or fracture throuizh the roof of the bony meat us. They arc associated 
with continued hleeding from the ear^ and, if the dura mater has abn been lom, with 
discharge of cerebrospinal fluid. 

Hie rtTFipunie cavity b frequently the sc:st of disease^ ixnh suppututive and rian^ 
suppurative^ and in practically ever)' cose I he inflammation spreads upwards from the 
nose or thnsat Hlung the auditory tube. Acute infinmniatory troubles spreadinff up 
to the tytiipank cflvitj' art usually associated with mm much infiammatorv' swelluig of 
the mucous membrane nf the tube as to occlokle it, and thus tive product? of inftamma- 
tion are ^nt up in the tympanic cavity and directly involve the tympanic unirum. 
In such circuniigUinccs the only means of escape for the products i$ by rupture of the 
t^Tupanie racmhnine, which usually occurs nponianeouisly and it fulkiw^i^ by a free 
discharge of pus, with rdief fmm the acute poitj which e^d&tK in this condition. 
Should the swelling of the walis of I he auditory tube tJurn subside, the normal dniin^^ 
afic of the cavity will be established arnl the perforaticin in the drum wiU heaJ^ but 
if not—as if often the cose because the opening tjf the tube may be oeduded by adenoid 
growths in the nasal part of the pharynx nr other cause—^the pus will contuiue to 
accumulate in the rniddle car and will overflow thmngh the perforation as a chronic 
otorrhcKi, Several inimcrujtial complication ,1 are often produced owing to pundent 
matcTial being retained ; thus an abscess may form between the bone and dura mater, 
(tj) above the twf uf the tympanic cavity^ and immediately beneath the dura covcrifitf 
the temporal lobe of the brain, or (ft) benveen the deep aspect of the mastoid process 
and the sigmoid smua, possibly ca^u-tiding widely and sumounding the sinus. In this 
Utter type of mac thronibcnis of the sinus readily occurs, and the clot being ako 
infected tends to disintegrate and be carried into the general circulation, particles 
bec«mii^ lodeed in tlic capillaries of the lungs and setting up absec^sc^ thcrclii. 
In addition, bone disijasc of the tympanic cavity or antrum may be associated with 
«vere and fatal aeptic nurningilis, or with (he formation, of itbRCeoa in the brain, the 
most i:oninion sites being the tcmponil lobe and the licml^phere of the cerebellum. 

In some casts nf chronic hone disease in the tympanic cavity, the facial nerve 
becoraefi e^poseil as it lies rn its emal and an intUmmatory proofs \% 4c e iip in the 
nen e, leading to facini paralysis of the infranuclear or peripheral ry^pe fp. 1122!, 


Thu Kttrnal E.4 b 

‘Fhc internal ear is the essential pm of ihe or^n nf hearing. It consists of two 
parts ; (fl) the hony ItAmnfh^ a Bcrics of cavities within the petrous part of the tem¬ 
poral bone* and (ft) the memhran&in L^yrtnth, a aeries of communicating mem- 
braiious sacs and ducts, contained ivitliin the bony cavities. 


THE BONY I^YBYRINTH 
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TiIE BoX'Y LABYftfNTIf (flgS- I057i *058) 

'rhc bony Ubyrinth comisis of ihm parto: the ihc if /nidrctilar 

cartah and the iochUa. These are cavities hollou^cd out of the substance of the bonCp 
and lined by periosteum ; they contain a clear fluid, known as the perilymph^ in 
which the mcmbinaniDiis bibyrinth is placed, rhe bony labyrinth consists of harder^ 
denser bone than the surrounding parts of the petrous portion of ihc temporal 
bone^ so that it is possible, particuiarly in the very^ young skulL to separate the 
labyrinth from the petrous temporal (fig* 1057}. 

The vestibule is the central part of the bony Jabyrinth, and is situated medial to 
the tympanic cavi^, behind the cochlea and in front of the semicircular canals. It is 
aomewhat ovoid In shape, but llattcned transversely; it measures about 5 mirii 
from before backwards the same from above downw'srds, and about 3 turn, across. 
In its la^eraf wall there is the opening of the fenestra vestibuli, closed in the recent 
state by the base of the stapes and its annular ligament. On the from pan of die 
mrdrrj/wvi/j/ there is a small ree^u, which lodges the sacaile, and is perforated 

by several miniite holes (macitfa rrihrata rntdin)- The recess corresponds to the 


Fm. 1057*—^The kfE CSicoiifi bb}mnth. Latrrd M^pcet. 
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infenor vestibular area in the boiiom of the intcnLal acoustic meatus^ and die fora¬ 
mina transmit filaments of the eighth ciunial nerve to the saccule. Behind this 
rtreess there Ls an oblique Hdge, termed the veiiitular the anterior end of 
which is named the pyramfd p/ thf vatibule \ this ridge divides below to enclose a 
small depression, rtcas, which is perforated by a number of holes for 

the passage of filaments of the eighth cranial nerv^e to the vestibular end of die duet 
of The cochlea. Above and behind the vcsdbular cresf^ and situated in the roq/and 
medial wall of the vestibule there is an ditpdrai which lodges the utricle. 
The pyramid and adjoining part of the elliptical recess arc perforated hy it 
number of holes (mna^Ia cribrvsa ^perhr) ; the holes In the pyramid transmit the 
nerv'es to die utricICj and tht>se in the elliptical recess the nencs to the ampulla 
of the superior and lateral semicircular ducts. I’he pyramid and the adjoining 
part of the elliptical recess correspond to the superior veslihular area at the bottom 
of the intemaj acoustic meatus. The orifice of the iiqmdufif. oj the veitibuie liea 
below the elliptical recess. This aqueduct e.TtendB to the posterior surface of the 
petrous portion of the temporal bone; it traimmita a small vein, and conmins a 
tubular prolongation of the membninous labyrinth which is icrmed the endnlymph- 
(ific duel. Ai the p*}itmor part of the vestibule there arc the five orifices of the 
semicircular canals ; at the ffnrewr part, an elliptical opening leading into the scala 
vestihuli of the cochlea. 

The semicircular canals are three in number, superior, posterior and lateral. 


laSa the organs OF THE SENSES 

and are situated above md behind the vcnibnle- TJiey arc compressed from side 1:0 
side, and each describes about two-thirds of □ drtic, ITiev are unequal in length, 
tut are all abcjut o-8 mm. in diameter ; each presents a dilatation at one end, caded 
the amptiila, ihc diameter of which is nearly tw ice that of the canal. They open into 
the vestibule by five orifiocs, one of which is comnion to tcra of the canals. 

I hc semidrailar cmaL 15 to 20 mm. in len^, is vertical in directign, 

and is placed transversely to the long axis of the petrous portion of the temporal 
bronc, on the anterior surface of which its arch forms the arctiaic eminence (p* 334}. 
Some maintain that the arcuate eminence di>es not accurately coincide wiiii the 
auperiur semiciroibr canal but lies in the course of the occipito-icmpc^ral sulcus 
on the inferior suiiacc of the temporsi] lobe of the cerebral hemisphere. Its antero¬ 
lateral end jsampullstcd, and opens into the upper and latcrnd pan of the vestibule ; 
the opposite end unites with ihc upper end of the posTerior canal to form the cruj 
ffflwjfiwjfr, which is about 4 inm. lung, and opens into the medial part of the veslibuk, 

TI1C pQifffrhr s^icircular canut, also vertical, is directed backwardSp nearly 
parallel with the posterior surface of the petrous bone ; ft is from j 8 nin>. to zz mm, 
long ; its ampullaied end opens into the lower part of the vestibule^ -where there are 
sevcnil small holes mbrasa inferior) for the transmission of the nerves to this 

iimpullap ihcir posiiinn corresponding to the foramen singuiure in the bottom nf rlic 
internal acoustie meatus. Its upper end opens into the duis commune. 

TIte fateral or h&H^onfal eonaf is from tl mm. to mm. long, and its arch is 
directed horizontally back^vnicb and latcrnlty. Its anicrior or ampulhted end opens 
into the upper otid lateral angle of the vestibule, just above the fcncstm vestibuli and 
immediately below the ampulkted end of the superior canal; its posterior end 
opens below the onficc of the cnis commune. 

The lateral ^micireular canal of one ear h in the same plane as diat of the other 
ear; while tJie superior canal of one car is in a plane nearly pandJel with that 
of the pofiierior * canal nf the other ear. 

The cochlea (figSK 104S, 1064, 1065) bears a resemblance to the shell 

of die commoti snail: it forms the anterior part of the labyrinth, is conical in fomii 
and placed in fmnt of tise vestibule ; it measures about 5 mm. from base to apex, 
and Its breadth across the base is about g mm. Its apex, or cupola, is directed for¬ 
wards and laterally* with a slight iiidination downwards, towards the upper and 
front part of the medial wall of the tympanic cavity (fig. 1048) ; its base is directed 
toil'srds the bottom ot the internal acoustic meatus, and is perforated bv numerous 
apCrturEs for the passage of the cochlear nen^e. The cochlea f consists of a conicot- 
shaped central axis* termed the mudiofas [ of a canal* spirally around the 

central axis for two turns and Uiree-quarters ; and nf a dclicaic lamina* termed the 
spiral lamma^ which projects from the modiolus Into the canal, and partially 
divides it. In the recent stale the division of die contil is completed by the bnsil&r 
membraffe, which stretclics from die free btjrdcr of the osseous spiral lamina to the 
oumr wall of the bony cochlea ; die two passages into which the cochlear canal is 
thus divided communicate with each other at the apex of the modiolus by a small 
opening, named the hdicafrerna^ 

The modiolui i* the conical^ central axuj or pillar of the cochlea. Its base ts 
broad, and appears iit rlie Iwtiom of the internal acoustic meatus* where it i.^rte- 
aponds with the fractia spiralk /efromittorai, which is perforated by numerous 
orifices for the transtnission of the branches of the cochlear nerve i the nerves for the 
fim turn and a half of the cochlea puss through the foramina of the tmcius ftpiraJis 
fommLnosus ; tliose for tho apical turn, through the foramen eentrak. The omals 
of tlic tiactus spiralis foraminosus pa^ through the modiolus and successively bend 
outwards to reach the attached margin of the osseous spiral lamina. Here they be^ 
ooitic enlarged, and by their apposition form the spirai canal of tbe modiolns, which 
follows the course of the attached margin of the nsseous spiral kmina and lodged the 
spiral ganglion. The foramen ^ntnile is continued into a canal which runs through 
the middle of the modiolus to its apex. 

The bony canal of the cochirt take* mo tuma and three.qunrtcia iqund the 
modiolus ^ the fii^t tum bulges into tlic tyinpflnit cavity and then? mv'ca tisc to 
the premontory (p. 1271). It is about 30 mm. long, and diminishes gradually in 

• E. VI'. P«i (JfVflr. Phyi, Sotitsy, 1937) tiu .hriwti that ihow pl,n« ii» not .ctualtv 
parallel. 

f ]|, Iht dnci^pliue which fnllm**. the cochje. U luppcHcd to he rrsune on ilt !>»«. 
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dtamttcf from the base to the summit^ wJiere It ends in ih^Oipota, which forms the 
apex of the cochlea. The beginning of this canal is about 3 mm. in diameier, and in 
it there arc three openings. One—the fenestra cochte^^e —commuiiicatjes with the 
pTnpanit: cavity and in the recent state is closed by the secondary iympetntc mewi^ 
orane ; anothert of an cUiptical form, opens into the vesttbiile. The third ta the 
aperture of the AtjueduLt of the cochlea, leading to a mifiute ftmnct-sliaped canal 
^%hlch opens on the iaferior surface of the petrouj* part of ihc tcmpfrral bone (p. 
334). It transmits a small vein to join the inferior petrosal airms^ and cstnhtisl:tes a 
cornmunication between the subarachnoid space and the scab tymj^ni. 

The anrouf spirnf lafnina is a bony sheJf or ledge which winds itiund and projects 
from the modiolus into the interior of the canal, like the thread of a screw. It 
reaches about halfway across the canal, and incompletely divides it into two passages 
or scalar r an upper, named the stala vestibuli, and a lower, the smla tympani. The 
width of the osseous spiral lamina gradiialtv decreases from the basal to the apical 
cod of the cochlea, and near the summit d( the cochlea the lamina ends in a hook- 
shaped process, termed the iiamuius af ffie spiral lafttina ; this assists in foimijig the 
boundar)^ of the ftrlicvfremn, through which the twt> sedar communicate with each 


Fig. 1058 .—The interior af the left osseoai Enb^rinth. 
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other. From the spiral canal of ihe modiolua numerous canals pass outwards 
through the osseous apiral lamina as far as its free edge and transmit branches of the 
cochlear nerve. In the lower part of Ihc firet turn of the cochlea a seem^ry ipfral 
lamina projects invwds from the outer w^all of the bony tube; it does not, however 
reach the osseous spiral lamina, so that if the lamimn be viewed from the vestibule a 
narrow fissure, termed die ttsttbufar fissure^ is seen between them. 

The bor^ Myri 7 iih is lined by a thin libroseroua membrane which is closelv 
adherent to the bone ; the free surface of the membrane is smooth, and corned 
With a layer of epitheJium. llie bony labyrinth is filled with perilymph, a fluid 
identical in comp^ition, and confluent with, the cerebrospinal fluid. Some 
invesiigutore * maintain that cerebm^pinal fluid and perilymph are not identical 
In composition, and that the aqueduci; of the cochlea dots nut communicair 
directly with the subanichnoid space, a fibrous membrane intervening, so that anv 
interchange between the cenebmspinal fluid and the perilymph would he bv Ii 
process of diffusion. The part of the petrcjiia bone which immediately surrounds 
the labyrinth is developed from the cartilaginous ear-capsule ; ii is denser than the 
real of the petrous bc>Tic, and exhibits intergbbukr spaces, which contain cartilage 
cells (fig. 1062), The nvxliolus of the cochlea^ on the other hand, is formed of 
spongy mcmbranc-l>one.f A tubukr process of ihe lining mcmbnme h prolonged 
through the aqueduct of the cochlea to the outer surface of the dura mater. The 
• J. G. Walmer, Arrfi. Otolarynxoi 47; S. H. Myjirindp .ff/a OOiSatynfidt,^ 194S, *8. 
t S. Fraser and K. MUnc Dickti:, Anal, and Phyiiai^, 49^ lgi4+ 
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peritvinphalic space of the vestibule comnrmnicaies behind vvsth that of the 
circular canalsi and opens anteriorly into the scaJa v^tibuli of the cochlea, v^Eich 
in turn opena into the sciik tjinpani through the hclicoTrema, at the a^x of the 
cochlea. The seala tvmpani is separated from the tympanic cavity hy the secon¬ 
dary tympanic membrane, but vs continuous with the suburachiiDid space through 
ibo'acfuedoct of the cochlea {j« )h 


Tm Membranous I^ABYRiNTii (figs. 1059 to 1061) 

I'hc memhranom labyTmth is lodged within, but Is much smaller than the 
bony labyrinth ; it is filled with fluid named f^ndoiympft^ and in its walls the branchy 
of the eii^hth cranial nerve are distributed. It includes : (^r) the and 

two BTnall saesp lodged In the vesdbuk ; {h) three smi£iT€uiuT ducis^ enclosed m ithui 
the semicircular caimls ; and (r) the duct of thr rocA/rfl, combined within the bony 
cochlea. The various parts of the membranous labyrinth form a closed sj'stcm 
of channels which, however, communicate freely witJi one another ; the semi¬ 
circular ducts open into the utricle, the utricle into the saccule through the ductus 
utriculosaccularia, and the saccule into the duct of the cochlea through the ductus 

reuniens. ^ t « r 

The membranous labyrinth is fixed at certain points to the wml of the bony 
labyrinth^ hut is separated from the greater part of the bony labyrinth by a space 
which contains the perilymph. 

The utricle, the lar^r of the two vestibular sscs, is irregularly oblong in shapCj 
and occupies tlie upper and posterior pari of the vestibule^ lying in tontaci with (he 
elliptical recess isnd the part below it. l^hat portion which is lodged in the elliptical 
recess forms a sort of pouch or cul-de-sac; the lateral half of the floor and the 
adjoining lower part of the lateral wall of ihb is thickened over an area measuring 
ah<}ut 3 nun. by 2 mm. to form the macuiii of fht utrielr (p. 1288), which receives 


FlOr 1059.—A fichEmsite rri^rnentallori of the mcmbreaniw labyrinth. 
(After J. K. Mitne 
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the utricular fiJamcnis of the vestibular ner^'U. The aitipullx of th^ superior and 
lateral semicircular ducts i>pen into the lateml part of the utridc, while the ampulla 
of the posierior duct, the cma commune and the po&terSur end of the lateral duct 
open into the medial part of the utricle. The p^erinr end of the lateral duct 
widens into a flaiiencd cone which joins the medial end of the utricle at a right 
angle,* From the anteromedial part of the utricle fl fine canal, named the ductui 
uinculosaicutaiisf is given off, and opens into the ductus endolymphatkus. 

* J, K, Milne Didiw, tif Rhtnt?}ogy iind i^^p, aS. 76* 





THE MEMERANOUS LABYRINTH 

F|o. io 6 o.—The left inrfitbranotJi Ijibyrinth of i ETih^ofiih human onbryo. 
AnCn^tolarml ai^ecf. (G, KctzSut.) 
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Fjc+ lo^f,—Schflnc of the m«mbininou» Ubyiinth prajcct«d tm in 
the omam Ubydnth^ 
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The saccuJe lie* in the spherical reocis near the opening of the scala vesti buli of 
the cochlea. \Vhen bcch from the front it presents a nearly globular fo^ but it is 
prolonged backwards in the form of a cone, the upper surface of which is in contact 
with the under surface of the utricle, and the utricle and saccule have here a common 
wall* On its anterior wall there is an oval thickening, termed the taacuia of the 
taccule (p. iiSS) w'hich lies in a plane at right angles to the macula of the utricle, 
and to W'hich the saccular filaments of the eighth cranial nen-e are distributed. Us 
cavity ctrmmunicatcs indirectly through a V-shaped tube with that of the utricle. 


Ftc. 1063.—iramvcrw srebDn ihiough the left po«tcTiar Htnidrculir esnid imd 
duel of adkiLt miin. ^51^ Cj. K. Mdnc Dickie.) 
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From its posterior part the du£:ius endolymphatia^i ts pven off^ and it is joined by 
the ductus utriculosaccuhris ; thfl dwcius cndol>Tnphaticus passes inwards and then 
downwards along the aqueduct of the vestibule and ends in a blind pouch (jof™ 
rndotymphaticus) under the dura mater on the posterior surface of the petrous 
portion of the temporal bone- From the lower part of the saccule a short tube, 
named the du£ius rtumrftSf passes downwards and gradually widens into the vestib¬ 
ular or end of the duct of the eochleii (Hg. 

The semicireufar ducts (figs. I05f) to ic^a) are about one-fourth of the dia¬ 
meter of the semicircular canals, but are siniilar to them in shape and general form. 
Each lias an ampulla at one end, vi^.; the end which lies within the ampulla of 
the corresponding bony cwuil. *rhe semicircular ducts open by five orifices into 
the utricle, one opening bring eonunon to the media] end of the superior, and the 
upper end of the posterior* duct. In each of the ampullae the wall is thickened, and 
projects into the cavity as a transverse elevation shaped ^mewhat like the figure 8, 
and named the ^tptum transvrrfum ? the most prominent part of this septum, is 
termed the aista iirripuUaru which projects from the wall of each ampulla that is 
most distant from the centre of the circle of which the semidreukr duct forma an 
arCj a aituation in w hich " any movement of the endoLymph wwld be caught hy 
the crista to the greatest advantage 

* K. Milne Dickie, 3Si 
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THE SEMICIRCULAR DUCTS 


The u Elide, saccule and semicircular ducts are held in position by fibrous bands 
which stretch across the perilyinphadc space to the bony walb^ 

Structure tfig- —-The Wmlls of the utdde, saccuLe and semicircular ducts 

consist of three layers. The outer layer is composed of fibrous tissue containing 

Kic. to6j^.--Sccdon of the msculii of the utricle of the cal. Stained WciHeit Pd 
hihI iron hiemscoacyLiii ( i n), fDmwn fmin a section prepared at the Fcrrem 
InsUtuiep kindly lent by Prof, E. \W Walb.) 


Hair alU 


iytUil/tic 


Camltf c/ 
ulTide 


bh>od-vessds and blending in places with the endosteum of the bony Labyrinths ^FHc 
mtdMe layer (tunica propria) is more transparent and presents on its intemal surface^ 
especially in the scmictrcLilar ducts^ a number of papilliform projections. 'Phe iirnjT 

Fro. io(^3B.—Section of an ampulUry crest of a she montlis old hiimon foehis. 
Siaincd with humatoxylin a^ eosm ( x ^ 75). (Drawn f^m a section prepared 
St the Ferrens InetitutCp kindly knt by Frafp E. W. Walls.) 



layer consists in general of a single layer of epithelial cclls> which are cubicol or poly¬ 
gonal in shape, restinit on a basement membrane ; they undergo a opecialiscd arrange¬ 
ment £n the ampuUary crests of the semicircular ducts and in (he macula- of the 
utricle and saccule (figs, 1063 a and 10633)^ In these special sites, also^ the middle 
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THE ORGANS OF THE SENSES 

coat is thickened. In the ampullar^’ crests the cpithtliynfi consists mpparflrtg 
and hitir alls. TTie supporting cells aje elongated, fusifonti c^ella^ Aeir deep ends 
reaching the tunica pn?pm and their free Burfaccs united to form a thin cuticle. The 
hair^ella are flaak^haped, their deep enda do not reach as far as the tunica propria 
and they lie betw een the superficial parts of the supporting ceUa. From the free end 
of each hair-cell a long tapering ctlium projects into a thick, domc-ahaped gelatinoua 
moss culled the cupuhr The supporting and hair-celts of the macula of the ulncle 
and saceulc art similar to those of the ampullary crests, but the gelatinous mas* into 
which the cilia project is flatter and is Icrtned the ^tQiilfdc and moreover 

this gelatinous mass coniains numerous minute crystalline bodies colled otoliths or 


Fio^ to 64 .-^A section through the left tempoml bone, (Drawn from a aeeiiDn, 
prepared at the Ferens Institute, kindly lent by Prof. J. Rirk.) Compare with 
ftgUr 104 ^^, IO 4 S and 1065 . 
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otoconia, which consist of a mixture of calcium carbonate and a protein, and which 
give the macul® in the fnrsh condidon an opaque white appearance. The laments 
of the >'efltibular nerve, haying pierced the tunica propria, lose their myelin sheathii 
and their axis-cylinder* split into 5 ne fibrils which ramify bemeen the hair cells of 
the maculw and ampullary creafa, 

A ridgcj named the Cfuto ^rfo, project* into the posterior end of the lateral 
semicircular duct j it is well developed in lower vertebrates and is pr^ent in moat 
mnmmals, but is only ruditnentary tn man ; nerve fibres have been traced into this 
crest. 

The ampullary cre*t* and the maculik: of the utricle and saccule are the special 
end-orgnns concerned w^ith equilibratoiy vestibular reflexes influencing firetly, the 
po*ilion of the ey^es in lelarion to movements of the head through the connections of 
the veatibubr ner^'e* and their nuclei via the medial longitudinal bundle (p. 9 ^) with 






THE DUCT OF I'HE COCHLEA 

the nudcl of the third, fourth and sixth cranbi ncr\'ca ; uitd sccormilv# rnus4:le lone 
throu^n the vcstrbulo^pii^I tracts (p. ^i), Musdc tone is also infliienccd by the 
of the head, and in this case the macula? of the utride and ^cule ate the 
cnd;^rKanB conrarxitd in that the otoliths, under the influence of j^vitv, exert (nietjon 
on the cilm of the hair-cclEs in varying poaitions of the head. The mseulis ate theit^ 
tore referreo to os orf^ans of static bahmcc (smiCHtonlc reflexes)^ whereas the ftinpullaiy 
crests ere cjuled argans of kinetic balance in that they are stimulated by movement 
oi, or pressure changes in, the endolymph cflused by movenncnls of the head (stalo- 
kinetic ^flexes) producing deviation of the cupula;. The mamla of the saccule 
^though It has the same histoldfircal structure as the macula of the utricle, m bdieved 
by some not to be concerned in vestibular relieves but m be associated with the 
cochlea and concerned with the reception of slow vibrniional (auditory) stimuli. 


Fto+ T065. A fecUon thmogh the Kcorvd turn ef the cochlM indicated m the 
previous ^gurt. (Mallory's stain.) 
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The duct of the cochlea consists of a spirally arranged tube within the bony 
canal of the cochlea and lying along its outer walh 

As already stated (p* izSj) the osseous spiral kmina extends only part of the 
distance betw'cen the modiolus and the outer wall of the cQchJea, while the ^on/or 
mcm^r^rifc stretehes from the free edge of the lamina to the outer wall of the cochlea 
and complete the roof of the acala lympani. The endosteum of the outer waU of 
the cochlea is thickened to form the spiral iigammi of /Ac rochlfa \ Jt projects 
inwards and to it is attached the outer edge of the basilar membrane. A second 
and more delicate meinbrajiep termed the wjtfAif/«ir Membranr, extends from the 
thickened endosteum covering the osseous spiral lamina to the outer wall of the 
cochlea, where it is attached at some distance abo%'e the outer edge of the basilar 
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membrane. A canaJ is thus shut off between the scab tympanL below and the scab 
vestihuU above ; thia is the duct of ihe cocfilcti (bs- 1065)" H is triangular on trills^ 
verse section, its roof being formed by the vestibubr membrane, its outer wall by 
the endoaicum lining the bony canal.' and its floor by the basilar membrane and 
ihe outer part of the ofiseoua spiral latnina. The upper csctremity of the ouct of 
the cochlea ifl closed, and is named the ; it is attached to the cupola (p. 

The lower end turns medially, and narrows into the Juejm rffum'ftK^ through 
which ii cominunieates with the saccule (fig. I059 )k I'he spiral organ is situated 
on the basilar membrane. The vestihular mcinbrane is thin and homogeneous, and 
is covered on its two surfaces by □ layer of flaitened cpiTheltum. The endosteum 
forming the outer wall of the dutS of the cochlea is greatly thickened and altered in 
character to form tlic spiral ligament. It projects inwards, inferiorly, as a triangular 
prominence, termed the crisla hasilaris^ to whidi the outer edge of the basilar mem¬ 
brane is fixed; immediately above this there is a concavity {the sulcus spiralis 



Fig. ifl66--^The Unibus buitiiue spiralis and ihc basilar m^Fubranc, Si^canatic. 

(Testut*) 
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externm)^ above which the periosteum contains numcmiis bloixl-vessels, and is 
termed the stria I'tiscuiaris. 

The osseous spiral lamina consists of two plates of bone, and between these arc 
the canals for the transmisaion of the filaments of the cochlear nerve. (In the upper 
plate of that part of the lamina which is contained within the duct of the cochlea 
the perioateum is ihickened to form the limbus lamina spiraik {fig. 1066); this ends 
externally in a concavity (the sulcus spirnlis internus), which presents, on section, the 
form of the letter C : the upper part formed by the overhanging edge of the limbus 
is named the vestlbukr lip ; the lower parr, prolonged and tapering^ is called the 
iymjmmc lip, and t& perfoniled by numemus foramina for the passage of the branches 
of the cochlear ntn'e. The upper surface of the vestibular Hp is intersected at right 
angles by 3 number of furrowiSj separated by numerous elevations ; these present 
the appearance of teeth on the free surface and margin of the Up, and were n^nied by 
liuschke the auditory teeth (hg. 1066). The lunbus ts 00vexed by a layer of what 
appears to be squamous epithelium, but only the cells cot ering the teeth are flat- 
lencd, those in the furrows being columnar, and occupying the intern als between the 
clcvatiooa. This epithelium is continuous on tlie one hand with that lining the 
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^uku^ spiralis mtcmuB, and on the other with that coi entig the under surface of the 
veetibular membianc. 

The baailaj- fflembmue,—The basilar memhtBnc (Bga* 1067) gtretchea 

from the t>rmpajiic lip of the os^u$ spiral lajuiuB to the cnata basilans. [ts inner part 
IS thin^ and is named the arriiaia ; it supports the gpiraJ or^n i the outer part 
is thicker and striated, and k lermed the sona pfciinaia. '[^he width of the basilar 
membrane ptadualiy incrcaaes from o zi mm. m the basal tum to 0-36 mm. in the 
apical rum of the cochlea^ and this increase is accompanied by a corresponding narrow¬ 
ing of the ossemis spiral Iszninap and a decrease in the thickness of the emta basikris. 
The under surface of the membrane is covered by a layer of vascular conneerf^'e tissue " 
one of the vessels in this tissue k somew hat larger than the rest, and ia named the 
vas ipirali! ^ it lies bebw Corti's tunnel. 


Fig, 10^7.—A tiaiiavene oeetiofi thranRh the tpiral er^n. MaEnihed. 
(Cj, Berzius.) 





MtfnhranH 


The Spiral organ (figs. 1065^ 1067) is composed of a series of epithelial stmetureA 
placed upon the aona arcuata Or inner part of the basilar memhrtme. The more central 
of these structures arc two rows of rod^Uke bodies (the ittatr anti outer rods of Corn'h 
The bases or fooUpfatrs of the rods arc expanded, and rest on the basilar membrane, 
those of the Inner row at gome distance from those of the outer ; the two rows incline 
tow^arda each other and, coming Into contact above, enclose betw^een them and the 
basilar membrenc the iurmet ofCorti (Eg+ 1068)^ which b triiiiigular in cross section. 
On the medial side of the Inner roda there is n single row of hairK:elJs> and on the lateral 
#idc of the outer rods, three or four row^s of hair^^lk. Together with cerMin supporting 
cells termed the eejb of Deltera and of Hensen. The free ends of the outer hair-cella 
Occupy a series of apertures in a net-like membrane, termed the retiailar hmina^ and 
tile entire cirRon is covered hy the teefariaf mentbraifr. 

Rf 3 ds of Cnrti (fig. 1068).—Each of these consists of a base or foot-plate^ an elon¬ 
gated pan or body, and an upper end or head \ the body of each rod is finely strlatcdp 
but in the head there i$ an oval non^atciated portion which stains deeply wiTh carmine. 
Nucleated cells, which partly envelop the rods and extend on to the floor of Corri's 
tunnel, occupy the angles hetw^ecn the rods and the basilar membrane ; there may be 
looked upon as the undifferentiated parts of the cells fnim which the rods have been 
formed, 

'i’he uiHer radi number nearly 6000, and their bases rest on the basilar membrane 
close to the tympanic lip of the sulcus spitalis intemus. The shaft or body of each is 
sinuously curved and forma an angle of about 60^ with the basilar membrane. The 
head resembles the proximal end of the ulna, and presents a deep concavity which 
accommodates a convexity on the head of the outer rod. The head-pbic, or portion 
overhanging the concai’ity, overlaps the head-plate of the outer rod. 

The outer rods, nearly 4000 in number, are longer and more obliquely set 
than the inner, forming w^ith die basilar membrane an angle of about 40“^, 't'heir 
heads are convex internally; they fit into die concavities on the heads of the inner 
tods* and are continued ounvards m thin flattened plates, termed pfmfaHgeal proitfsses^ 
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which unite with the phjilRngeiiL prtKrc&se* of Deiters’ cclla lo form the fcticulfir 
membrtuie. 

The distances between the bases of the inner and ouier rods incrcfue from the base 
to the npei: of the oDchleSp whiJc the angled between the rods 5nd the basilar membrane 
dimimsh. 

—TIte hair-cells arc short colomtuir cell* ; their free ends are on a Sc^'^l 
with the heads of the rods of Corii, and each is surmounted by about tw'enry hatr-llke 
procCHCs arranged in the form of a crescent with its concaviry directed mwmnciE, llw 
deep ends of the cell^^ reach about halfway along tlie rods of Corti, and each contains a 
Unype nucleus l the terminal filaments of die cochlear ncr\^e are in contact with the d^p 
ends of the hair-cel la. The hair'^xllsp abooi 3500 in number are aiTOigcd! in ■ 
single row on the inner (axial) side of [he inner nodsp and, their diameteri being greater 
diflii riio$e of the jrods, each h supported by more than one rod. Hie frw ends of the 
inner hair-cells arc encircled by a culicular membrane which is fixed lo the heads of 
ibc inner rods- Adjoining die inner hatr-celLs there are one or mo rows of columnar 
supporting ceJlSp whidi, in tump arc continuous with the cubical cells lining the sulcus 


bio. io^+—The re;xiculir Ibmirui and iubjiceiit structurct. Schematic. (Testut.) 



s, tvmr -mj bf Cofli. Hidl iu hud. b. Ou«f r«d <La ^dbrnr), C. Tuniul 1>J CattL D. linilmr 
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bhic)- Ti T'i- 7"- Colip nf nhnErrm. G. Can -M lleniai umI Clutdioi- 

ipitalls internus. ’Ilic fPiiter huir-cells number about 12,000 and air nearly twice m 
bng a& the inner* In the basal coil of the cochba they are arranged in three regular 
fowa t in the apical coil, in four somcwliat Lrreitubr rwfta. 

Row's of suppoTting cclls^ called the edh of Dtilm (fig. iofi 7 )i arc placed bctvrecm 
the mws of the outer liair-celU ; their cxpsndci:] arc planted on the busilar mcm- 
l>nine« wliile the opposite end of each presents a clubbed extremity or ph£IIa^^al^ 
ptatess. Immcdiatiily to tlie outer aide of Deiters* cells there aie five or six rows of 
columnw cells, named thi& re//i of [fig. t 0 ^ 7 ). Near the lifpena these 

cells contain fat glohuk^ which decrease in number and size as the duct of the 
cochlea is traced toward* the basal coil. It has been suggested _• that these globules 
provide a graduated loading mochanism* which tunes the region of the lagsna to 
low tones. 

The Tfitictilar Xafnina (fig* lOftS) Is a delicate fnunework perforated by circular holes 
which are occupied by the free end* of the outer hair-«dlft. It extends from the heads 
of the outer of Corti to the extemtl row of the outer hair-ceUsp and is fotmed by 
several fowi of mlnutc fiddlc^hap^ cudeukr smicturcsp cslled phalanga^ betw'«n 
which are circular apertures containing the free ends of the hair-cells. The innernioat 
row of pbfiiiiriges consists of the phalangeal processes of the outer rods of Corti : the 
outer TOWS arc farmetl by the fmodifted free end* of Dciters cells. 

The rnra-jifrmd i^clorm (fig. 1067) overlies the sulcu* sptralia intertiits and the spiral 

* tt S. HiUpike. J, Phyii'af., 73 , tujt- 
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oi^n of CortL ft (xjnslAta of dclicatf fibRs embedded in n jelly-Ulcc rnatriK. It is 
wider and ihtcki^r in the apical than in the basal pan of the cochlea. Ita inner part is 
thin and ia attached to the veatihular lip of the limby^i lanuna: spimlis, the attachment 
reaching as far os the vestibular mcnibianc. The outer part is thick and padlike, the 
ihicknesa being greatest over, or slightLy 10 the inner side oh the upper ends of the 
tcais of Cord. Ret^us described the outer edge aa being attached to the outer row 
of Dexters’ cells, while others maititain that it forms a nigged or fmyed rtkarjf^. 
Hardest^',* who hm examined the membrane in the pig, atat'ea thui this edge » fr« 
find bluntly rounded, but fineiy and irregularly scalloped, 'J’he hairs of the huir-cclls 
project into the under suHace of the mcfnbmnc^ and on thifi aurface opposite the 
interval between die inner and outer rows of hair-H::elb there Js a band^ named //pnren'j 
s/rrpf. 

Hardesty has shown that the membrana lecboriaconsist of multitudes of delicate 
fibrils Utibedded in a tratv^parent matrix of a soft, colisgenoii^, semi-solid charactet 
with marked ndhesiveness/*^ The prevailing course of the fibres U obliquely trans¬ 
verse, slanting from the vestibular lip tiT-wards ihe apex of the cochlea. The fibres 
pass in curves from the vesdbular lip and upper surface of the membrane to its under 
aurfacc, where by their interiacement they produce the appearance known as t Kensen'a 


FlO* Eoh^. A vitw of the lateral cml qf the righr EiiTcTiiii!l aEzaqstic meatus. 
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Stripe. He also described a thin, exceedingly delicate uccsiuory trctnrwl m^irtbranef 
lying along the under surface of ldie outer tone of the main membrane, and Ilghdy 
attached to the latter by its outer edge, 

Mfnhamsm n/ —Sound waves set the tympanic membrnne in vibration^ 

which is Iransmittcd by the auditory i^klcs (p. 1^78) to fJic fcutsira t'estibuli and 
thence to the pent>Tnph. Vibrutions in the latter eaui&e movements of the bstsilar 
membrane with etmscqucnt ftlmukrion of the hair-cclla and the nerve endings of ihc 
cochlear ner\'c, lliert: is tojiaJ localisation in ihe apiml organ of the ecicbk^ the ba^al 
coil Ixing affected by Jxigb-pitched notes and the apical coil by low' notes. In thus 
connection it is to be nornd tliat the bosilnr membrane is turrowest hi the basal toil 
and progressively w idens towards the spicsl coil (p. rutd that tlwspinil ligament 

of the cochlea tiS more massive in the basal coil, suggesting that this parr of the basilar 
membrane is more tense than the pan in the apical cui|. Little understood hydro- 
dynamic factors in the cndolymph are also thought to ptay a part in the meclumisra 
whereby different frequencies of vibration activate diffprenE parts of tfie hiviitar mem¬ 
brane. DifTcrent parts of rhe spiral 01^^ are innert'ated by diflbrent fibres of the 
cwhiear nerve, and vibratkans of u segment of the organ ^timulute locu! nerve andings 
so that impulses will eventufilly reach a localised region of the auditory area of the 
Cerebral cortex, where the pitch of the iiounfl is appreciated. 

The eighth crmiia] nerve (slui&^cousik nenv^ divides near the bottom of the 
internal scnustic meatus into an anterior or cochlear, and a posterior or vestil^ular 
portion, 'rhe deep connexiona and pmxtmaJ parts of these nerves are described 
on pp. tia^ to 1116,. 

The vtftibulwr Hfrvc supplies the utridc, the saccule and the ampultx of the 
semicircular ducts^ The ve^iihular gangtmfs, from the bipolar nervc-eclls of which 
die fibres of the nervTe take origin,, is ahuated on the trunk of the nerve within die 
internal acoiistk meatus, C 3 n the distal side of the ganglion the nerve splits into a 

• Irving Handcftre, Arvil.^ 8, tgoE. 
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suptriori an inferior afid ^ posterior branch.* Thi^ filaments of ihc iUprnor branch 
are transmititd throug^h the foramina in the aiipitrior vestibular area* and end in tlic 
macula of tJic utrielc and in the ampiillary creats of the superior and btend seini- 
dfoilar ducts; those of the mferior branch traverse the foramina m die ififedor 
vestibular area* and end in the macula of the eaccule- The posterhr branch runs 
through the foramen singulare ot the posiero-infcrior part of the bottom of the 
meatus (fig. 1069) and divides into filaments for the supply of the ampullar>' crest at 
the posterior scmidrcuhiir duct. 

The c<}chfcar ncruc, the nerve of hearing, divides into numcrou.^ ftlanit?nts at the 
base tjf the modiolus ; those for the basal and middle cods pass through the foramina 
in the tnictus spirals a foraminoaua* ihci*e for die apical coil through the central canal, 
and the nerves bend outivards and pass between the Jamelhe of the os^oua spiral 
lamina. The spiral gangiitm (fig. consisting of bipolar ncrvx-cclla from which 

the fibres of the nerve i^e origin * occupies the spiral canal of the modiolu s. Reach- 
Lug the outer edge of the osseous spiral lamina* the nerve-fibres pass through the 
foramina in the t>mipanic lip ; some end by arborbing around the deep ends of the 
inner hair-cellsp wdiilc others pass between the rods of Corti and across the tunnel of 
Cotti, and end in a similar manner m relation to the outer hair-celLs. The hair-cells 
in the basal and middie coils are more richly gupphed with nerves than those in the 
apical coiL I'he cochlear nerve gives off a vestibular branch to supply the vestibular 
end of the duct of the cochlea ; the filaments of this branch traverae the foramixui 
in the cochlear recess (p. 1281)* 

Krwpfr.—The urtcrici of ih^ fuftyriHf/i ore (i> the JabyTinLlune artery, which may 
arise from the basilar artery, but is more often derived fmin the aniedor inferior 
cerebellar artery, Rnd (2) the stylomastoid brand] of the posterior auricular artery. 
'Phe internal Buditor>' arteiy' div^idcs at the bottom of the intcrpal acouiStie mentiis into 
rwD branches : cochleor and vratibular. The cochlear branch subdivides Into twelve 
or fourteen t^vigs, which traverse the canals in the ttiodioluSp and are distributed^ 
ill the form of a capillary networlci in the lamina spiralis and boiilar membrane^ 
The vestibular branches nre distributed to the iitricki, saccule and semicircular 
ducts. 

The vcim of the vestibule and temicircular canals accompany the arteries, »nd» 
rtceivinjr the veins of the cochlea at the base of ihe modiolus, unite to foml the laby¬ 
rinthine vrin, w'hich ends in the poGterior part of the superior petrosal sinus or in the 
transverse sinua, A small veiii, from the ba^id turn of the cochlea, traverses the 
aqueduct of the cochlea and Joiiia the internal jugular vein. 

THE SKIN 

The skin (fig. 1070) covers Uie body and protects the deeper tissues. It con- 
tains the peripheral endings of many of the sensory iiej^'ca+ plays an important part 
in tite regulatioi] of the body temperature^ and possesses limited excretoty and 
absorbing powers. It consists principally of a layer of vascular connective tissucn 
named the corium, and m external covering of epithelium, termed the epidermis. 
On the surface of the corium there arc sensitive and ^-ascular ptipiUiF ; and 
within, or beneath ii^ there are certain organs with special functions ; namely + the 
SKcai and icbactoas glandSf and the hedr-foiticies. 

The epidermis is nun-vascular, and consists of stratified epithelium (fig. 1071). 
It varies in thickness in different parts. En some situations, as in the palms of the 
liands and soles of the feel, it is thick, hard^ and homy in texture. This may be in a 
measure due to the fact tiuit the*c parts are exposed to intermittent press urcp but tlmi 
this is not the only cause is indicated by the fact that the condition exbia to a very 
considcnihle extent at birth. The more superficial layers of cells form the horny 
zone {f tralum armenmh w hich may beserparated by maceration from a deeper stniturn^ 
tcmietl ihe grrminudve zom that consists of several layers of varioufily shaped 
cclb* The free surface of the epidermis is marked by a nehvork of linear furrows of 
^■ariab^c sizcp which divide the surface into a number of polygonal or lozenge- 
shaped areas. These furrows are conspicuoua o ppoeite die flexures of the joints, and 
coTTespond with the folds in the corium produced by the joint * movements. In other 

• The nctw 50inetiTii« spUu an chfl prexnnaJ pida of the Konglioo, which a then dividiMl 
into three niLrt^, one on rath brsneh o[ the ncnc. When thim occun the einjflkin of the 
peMieriot divjaion ta placed in the foremen flnsutere. 
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aito^tions, as upon the back of ilic hand, they are fnint, and intersect one another at 
various angfte. Upon the palmar surfaces of the handa and fingers^ and upon the 
soles of the feet, these lints are fine but veiy distinct^ and art disposed in more or less 
parallel curves I they depend upon the large size and pccuhar arrangement of the 
papiUie upon which die epidermis is placed. In each mdividual the iities on the tips 
of the fingers and thumbs foirti distinct patteme unltke those of any other person^ 



A- EpMmnb. BL DcnniiL C. I>. Dt4p E. Miudff. F. 

SfbAUCrtJI m nitb ■ li*tt follJC^kL G- PM Unadfl- Hi SwcM iUifed- 

K- buct pTivcfli i» UtillHiui c^Hiiuiclc. M. LirnrlJiKiJ Hul-lHiFti. N. Pmtt£r*»f* 

pwdfc O, 0\m1 «QfpvH:i< BI ■ {MtidLl. Pr Syperfio*! nanfe pIcEUL Q. Deep Hri-¥ie 
pbEztu, a. tiartt. S. C utiprywfci 

The method pf identification of an individual hy means of' finger-prints' Is hased 
on ihb fact, impressions of these lines being made on papr covered with stmt, or on 
white paper after fl«t covering tlw fingera with ink, 'I'ht deep surface of the epi¬ 
dermis is accurately moulded upon the papillary layer of the oorium, the papillae 
being covered by a basemcni-membrano ; as a result, when the epidermis is removed 
by maceration, its under surface presents a number of pits or depressions come- 
s^nding with the papiUx, and ridges corresponding with the intervals between 
them. 'Hic papillary form of the corium prevents the epithelium from being 
stripped off the surface of the skin by shearing stresses. 
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Stnicture .—Tht epidcimi^ tqtt«3t5 of str^tilicd squamous cpithcliiUTi, which is 
amn^jcd in two zcineg, viz. : the germinative acme and the homy zone. The gemiina- 
cive zonc^ which la the deeper, consists of basal-cell and prickic-cdl layers ^ the homy 
sane consists of elesr, granular and homy 

Germinative sone t (i) The bam!~€tn faytr (stratum batalt) consists of a layer 
of columnar cells with oblong nuclei 'Fhc cells arc placed perpendicularly on a 
baBenient-mcmbrane, to which they are attached hy denticulated eitnremitiea. 

(a) The pritkle-H^dl fayrr (stratum tpinoFum) h composed of several layers of 
aphericoJ iw polyhedml cells which are joined to one another by fine protoplasniic 
bridges. WTien the cells arc isolated these bridges are broken and the surfaces of 
the Cells are beset with Tmnicroua short thom’-likc processesp which give the cell* a 
charBcteristic appeaninee and have led to their being named priekU-ttUs^ The cells 


Flo, 1071.—^The stmtiiiHl squamous epilhtUurn ef the tkin^ 
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contain numerous fine fibrils (tpnnfibrilBi) which arc continuous wuth those of neigb- 
bmiring cells by mcana of the protoplsutmic bridges. Somcp however, maintain that 
the fibrils do not exist as such in the living unfixed cells, 

Homy zone , (1) *llic grufttiiar layer (stratum i^attufosum) comprises two or three 
layers of fusiform celb which contain numertnjji granules that stain readily with 
haemanmlin and consist of a substance (kemtoh^^lin) w hlch is believed to be a stage 
in the nan,sfomiKlton of the pmtnplasmic cells of the stratum spinosum into the 
keratin of the celts of the stratum comeum* 

(s) Tltc rlrtiT fijyer (stmtum iaadutti) appears in section as a homogem^nis or 
dimly striated layer, composed of cWly packed cells in w'hich traces of fattened 
nuclei may U found, and in which the kcratohy'alin has been changed into a substance 
ffeEimdd elcidin. Tt is best seen in regions where the homy Eone is thick. 

{3) 'llic homy layrr (sirafum eoriirum} consists of several layers of homv, cpi- 
thellal cells, in ^vhich no nuclei are discernible and thdr protopLa^ has been con¬ 
verted into a materijil known ob k^athi. 

Pfginrntutwti of^ thr fAw..—Even m white ftmes most parts ol the skin coniiiin 
brown (melanin) pigment granules in the deepest layers of the germinaiivij zone of 
the epidermis ; in dark races they are more abundant and extend through the Avhole 
zone. The colour of the skin of differcrLt nets is the resultjint of at least five pig¬ 
ments, namely melanin, meknoid (a substance allied to melanin and diffused 
throughout the epidermis), carotene (in the stratum comcnm and the fat of the 
cOiium and subcutaneous liS5ue}| nxyhacrnoglobin and reduced haemtigiobln fin 
the blood vessels of the coriiini and subcuianerius tissue). Complete atiscnce of 
skin pigment in an individual results in the condition called albinism; this is a 
mceasivc Mcndelian character and may occur sporadicallv in any race. The origin 
of melanin is uncertain. Among the epidermal cells of the deeper layers of the 
germinative zone there arc clabnralcly branched celts, termed denJtriic ceils {or 
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cpidcnmjil melanobliists), the s|<^ndct brmclitr"S of which s^prirad int ihc intercellular 
spacer and each ends in a flattened expansinn which is applied to the surface of ^in 
epidermal cell* A colourless chmmogen, the nature of which is uncertain though 
some belie re that its precursor is the aminoacui tyrosinCt is brought bs- the blood¬ 
stream to the cells, and is there converted by 4 ferment (oiddase) into melanin. If 
^ctioos of skin are treated with dioxyphcnylalaiiin (which ts used experimcntalJv' 
in this case ^ a chit>mogcn)+ these cells which contain oxidase convert it into 
melanin. This is known us the * Dopa ' reaction (from the initials of the parts of 
the word di-osy-phenyl-aknin], and denionstratea that it is onlv the dendritic ccIJb 
that manufacture meknin. 'Fhe melanin granules thus formed si ream along the 
branches of the dendritic cells to their terminaJ expansions^ from which the)* art 
actively phagsKntosed by the neighbouring cpidt rmaj ctl Is. Branched cells conta in - 
mg melanin granules arc occasionally found in the superiidal pan of the corium 
(dermal mcldnoblasts) and ccmnective tissue cells in the corium may ingest melanin 
granules fbotti ^thc dendritic cells, rhe ori^n of the dendritic cells is uncertain, 
some mam taming that they arc moditied epidermal cella^ and others that they arc 
derived and migrate from the neural crests. 

The conum k tough, flexible and highly clastic. It h very thick in the pabns 
of the hands and soles of the feet x thi<ier on the posterior than on the antenor 
aspect of the l^y. and on the lateral than on the medial sides of the limbs. It is 
exceedingly thin and delicate in the eyelids, scrotum, and penis. 

Strttcture.—Ii consists of felted connective tissue, with h varying number of 
ciaalic fibrp and numemua blood-vesselsp !>mphQdc vessels and ncn'c*. 1 'he connec- 
dve tiMue is arranged in two layers : a drepcrorrfn^wifnrp and a superficki atptipmary\ 
Uiutriped muscular Rbres are found in the superficial layer? of the corium wheievcr 
hairs are pre^nt; they are ako present in the 3ubcuraAeoL4e; areolar tissue of the 
scrotum, penis, labia majora and nipples. In the nipples the fibren Hre disposed in 
bands, closely reticulated and arranged in superimposed laminKr. 

'rhe jytioilaF consists of strong interlacing bands, composed chiefly of white 
flbrotis tissue, but containing some yellow elastic fibres, which vary in number in 
different parts ; connective tissue celk are r>ften tn be found flattened against the 
bundles of white fibrous tissue. In the deeper part ihc fasciculi are eoatre, and the 
large iiiter\'als left by their interlacement are occupied by adipn^ tissue and sweat 
glands. Ik^Eow the rcticukr layer is the subcutaneous areolar tissue which, except in 
a few situations, contains fot^ The connective tissue bands in the reticukr layer lie 
for the main part in parallel biindlea, so that if a conical object Is stabbed through the 
skin and then withdrawn it leaves & linear wound since the fibres are forced aparr 
withijut much rupture. I'hc directions Taken by the parallel bundle.*; vary' in diflerent 
parts of the body and constitute what arc termed the " cleavage lines * uf the skin. 
Surgical mdsion.^ made along the cleavage lines heal w'ith minimul fomiation of $car 
tissue, w hereas indsiona across tbese Ijjies^ owing to rcrracrion of the severed fibres, 
lead to tJiK formation of a broad scar. In general, the cleavage lints ore arranged 
longitudinally in the skin of the limbs and more or less hori/onfiilly in the trunk and 
neck. ^V^lh increasing age the yellow elastic fibres atttiphy and the skin loses much 
of its cTaiticity and heenmes wrinkkdr If the skin beenmes much stretched (as by 
rapidly growing tumours^ fat deposition or pregmincy) the fibres in the teliculBr kycr 
niay undcTgo partial rupture iind scar formation result which may be visible on the 
surface os white streaks. are commonly seen on the anterior abdEiminal wall 

after pregnaju^y and are knowm tus lineae gravidarum. In many regions the skin in 
separaied from the deep fiascia or other structures by louse aneoTar tissue and in these 
sites the skin Is freely movable over the deeper structures. Elsewhere, however, tiic 
skin may be firmly iinchored to siniEtures like the periosteum over ^ subcutaneous ' 
parts of thtmes, or to the deep fascia In regions related to rnnvements of underlying 
joints. In rhe latter tuse there may be permanent creases in die skin known as 
* flexure lines ' ; they arc particularly evident on the pstm of the hand and flexor 
surfaces of the digits, where they are arranged in relation tn the movements of the digits. 

Th^ pGpillaty layer consists of numerous highly semitive and vascular eminenceSp 
teimed the papifia^ wiitch rise perpendicularly from its surfasiai. 'Fhe papillae arc 
minute conical projections, having round or blunted extremities, whitrh may be 
divided into two or more parts, and ore received mio corresponding pits on the under 
surface of the epidermis. On the general surface of the body, and especially in parts 
endowed with slight seoslbitity^ they are few' in number and exceedingly minute ; hut 
in same situations, as upon the palnkr surfaces of the hands and fingcra, and upon the 
plantar surfaces of tlie feet and (ocs, they are large, closely aggregated together^ and 

• R. E. BiLEingbom, J. AmU., Lotid^ 1^48, 82, ^ and 1^9. 8^, 105, 
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arranpcU in parallel curved lines, fomiinE the elevated ridges on the free surface 
of the epidermis. Each ridge contains two rows of papilbc and between the rows the 
ducts of the iLLtlorifcrous gl^ds pass o\itward& 10 open on the summits of the ridgea. 
Each papilla consists of very small and closely interlacing bundles of dnely fibrillated 
tissue, with s few elastic fibres ; within this tissue there is a capillar>' loop, and in some 
papillit, especially in the palms of the hands and the hngerSp there arc oval corpuscles. 

The supplying the akin form a netivork in the subcutflneous tissue, and 

from this network branches arc distributed to the sweat glandsj. the hair'follidea and 
the fat. Other bnmehei uniic in a plexua immediately beneath the CDnunit and fmrn 
this pleJtLis fine copihar>' vessels pass into the papilla^. ArrerJovenous anastomoses 
axe present in the enrium of certain regions of the skin ; those in the skin of the 
palmuT surfaces of the digits are knowTi as * glomera * fpp, 70J). 

The lymph rmeZf of the skbi* according to linndley • are arranged so that the 
skin 1$ divided into small areas (S-ti mm. in diameter), each drained by an 
independent vertical trunk into the lymphatic pkxun on the deep fascia- Forbes t 
on the other hand, denied this and showed that there arc three layers of plexus 
formation (superficial, intem^ediate and deep) in the corium, the deep plexus 
communicating with the plexus on the deep fascia by trunks running through the 
subcutaneous tissues in fibrous strands between the lobulea of fat; he founil very 
free anastomoses between the lymphatics in the curium and no evidence of 
independent drainage from localised areas of skin- 

l"he arrangement, mode of termination and functional significance % of ihc 
endings of the rierres in ihf skiii arc described on pages 919--921. 

The appendages of tbe skill are the nails, the hairs, and the sweat and 
sebaceous glands. 

The nails (fig, 1072) are flattened, elastic structures of a homy texture, placed 
upon the distal parts of the dorsal surfaces of the fingers and toes. The proximal 
part of the nail, called the root^ is implanted into a groove in the skin i the exposed 
part is the body of the nail; the distal end forms thc/ree border^ and a little proximal 
to it the skin is attached to the under surface of the nail forming the hyponychiam. 
The root of the nail is overlapped by a fold of skin, the nail foid^ the stratum 
comeum of w hich is prolonged di&tally as a thin cutteular fold, the epanyThiiim, to 
cover completely or partially the while opaque crescentic part of the nail called the 
tnnule. I’hc greater part of each colkletal border of the nail is overlapped by a 
fold of skin, termed the nmi teuW. The nail itself is a greatly thickened stratum 
iucidum of the skin, and beneath it lies the geraiinaiive 20rtc which, together with 
ihc subjacent coriuni, forms the naif-bed. Under the grcatct part of the nail the 
corium is thick and raised into a series of longitudinal ridges which arc very^ vascular, 
and this accounts for the pink colour seen through the translucent nail. Near the 
root of the nail, however, the ridges arc smaller, irregularly arranged and less 
vascular; mtitcovcr the tissue of the nail is here more opaque^ hence this part of 
the nail is whiter and oonstilules the llte lunuJe is usually visible in the 

thumb nail, but in the other digits it becomes progressively more covered by the 
nail fold towards the little finger, in which it is generally hidden altogether- ' 'rhe 
germinativc mne of the nail-bed consists fiiDctianaliy of two ports. The port 
beneath the root of the noil and the lunule (germinof matrix) is thicker and actively 
prtilifcrHii%^e, and is concerned with the growth of the nail, the epidermal cells being 
gradually oofivctltd into the nail substance. Oit the other hand, the part beneath 
the rest of the nail {sierite mntrix) b thinner and is not concerned with nail growth 
but provides a surface over which the growing naif glides. All growth of the nail 
therefore takes place at its root; the nail increases in thickness from its root to the 
distal edge of the Junulc and the remainder is of uniform thickness. If a nail be 
removed withoui severely ilamagmg the gertninal matrix, a new nail will grow from 
this region- Disturbances of growth of the nails may occur in acute illnesses or 
local trauma, and transverse grooves may develop on the surface which move 
gradually discally with growth of the nails, j^linutc air bubbles, giving rise to white 
flecks^ may develop in the substance of the naJJ. On an average nails grow about 
O'5 mm. a week; growth is quicker in summer than in winter^ and finger nails 

^ W. S. ICKnJlcy, Cffncer cf the BreuBt ”, Ixindon- Murray, 

t G. Forbcfl, j. Amtf., 7?, 

1 For a ileiailed review of the rvene mdingw in ihe ftkiiiK nr G, Wedddt, E. Palnicr and 
\V, Palhe, " -Vcfiie Eivdingii in Muntnuiliiitt Skin ”, ifiohmad RmeK§, 1055. 30, 159-195. 
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grow about 4 tiine^ as fast as toe nails. In the hand, nail growth is tnoat rapid in 
ihc longest digit (the middle finger^ slowest in the little finger and intcrmcdiaic in 
the other digits. Kails act as a rigid background for support of the digital pads of 
the terminal phalanges, and thus may function in the tactile mechanism. From the 

Ftg. 107a ,—a l□^f^illldkllal section through the root of 1 naiL 
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evolutionary point nf view, nails arc derived from the more elaborately structured 
daws which characterise lower animals. 

The hairs arc found on nearly every part of the surface of the bodyp but are 
absent from the palms of the hands, the soles of the feet, the dorsal surfaces of the 
distal phalanges, the umbilicus, the glans penis, the inner surface of the prepuce, 



Fxq^ ^073.—A siH^iioti through the HJkin,^ showing the EptcJcrniij ind coriyftt, a huir 
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the inner surfaces of the labia majors and the labia minota. I'hey v-ary much in 
length, thickness, and colour in different parts of the body and in different races 
of mankind* In sojnc'parts, as in the skin of the eyelids, they are ^ short as not 
to project beyond the follicles containing them ; in others, as upon the scalp, they 
arc of considerable length ; the eyelashes, the hairs of the pubic region^ and the 
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and beard arc rcmarkabJc for their thiefeneasn Straight hairs arc stronger 
than curly hairs and present on. transverse sectiDn a q-LindricaL or o^Til outline: 
curly hairsp on tlie other band, arc flat. Some maintain that the form of the hair 
does not correspond wkh its shape in cross section. 

A hair consists of a rwK the part implanted in the ajdn i and a shaft [tcitpar], the 
portion projecting from the surface. 

The rwl o/ fAc Aoi> ends in in tnlargemtntp named the fmrr^uJh^ which ti whiter Ip 
colour and softer in teittnfe than the shaft, and 1 % lodgjtd in an invaluttan of the epi¬ 
dermis and aupetficial portion of ihc eofitinip called the hair-foillcU (fig. 1073). When 

PlO, [074.—"I'rnnavef^e tfection of ■ hair follicle frem ihe scalp of s newborn 

infant. K 600. 
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the hair is of considerable |eji|rth the foUide extends into iJw mbeutoneous tissue. 
The hair-follicle conimcnceR on the surface of the skin with & funnel-shaped 
openingp and passes inwards in an oblique or cuj^'ed direction—the latter in curly 
haira—to become dilated at its deep ealrcmity, where it corresponds with the hair- 
buib. The ducts of one or more sebacetma glands open mxo the follicle near in free 
eitremity. At the bottom of each hair-folltcle there ia ■ amnll ennicah ^'ascuhir 
eminence or papilla, similar m every respect to those found upon the surface of 
the akin * It is continuous witli the demtic layer of the foUiele, and is supplied with 
□cri^-flbnla. It is from the cypillancs in the papilla that the liair derives its 
nutrition. fLair-folljcle Cfinslsu of two coats—an outer or dertnic, and an inner 
or epidermic (%. JO73). 

The outer rmf is formed mAiniy of ShmuB tiavuc l it is continuous with the 
corium, is highly vascular, and is supplied by numerouj^ miruite, nert^ous fllsmenta^ 
it consists of three layers (fig. 1074). The m^t internal is a hyaline basement- 
membrane» which is w'eil marked in the larger haiF-follides but Is not very distinct 
in the follicles of minute hsirs ; it is limited to the dccp»er part of the fallicJe. 
C^taide this there is a compact layer of fib res end spindle-shaped cells, arranged d r- 
culsriy around the folliclr; this layer extends from the bottom uf the Folljcle to the 
openings of the ducts of the scbHceous glands. BxremalJy there is a thick hy^r of 
eonneetivic tissue, arranged in Longitudinal bundles^ forming u more open texture 
and corresponding with the reticular part of the coriuen j this contains the blood* 
vessels and nervci. 
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1 be iMMff toat 'a dosely mlhcTienc to the mot of ilie hair, anrf coo^i^t? of rwo etmta 
respectively the mttr and wnt^ rooi-s}u^tM ; tbe ouicr met-aheath correapofidj 
wjtJi the srratuin spincigum of the epidermis, imd msembleB h in the roundcij form 
PRtJ soft chamcier of na «Jit; at the bonocn of the hair-foil ide these celk become 
contiouoiiM. with those pf the root of rhe hair. The inner root-sheatli consist* of ■ 
(i) 0 delicate cuticle mat the Hair, compo^d of d siofite layer of imbricated scafes 
■ftilh atrophied nuclei^ {2} one or two layers of homv, Ifattened nudeated cells 
bnojvTi as t liaxky'a Jayer: and a sIhrIc layer of cubical cells with dear, flattened 
nucleTp called /Yrirte j ffryer i07+). 

'Hw kRir-butb is moulded over the pnpilla and composed of polyhedral epithclia] 
ctllfl. As they pass upwards into the root of the hair tlieic cells become donated emd 
spindle-shaped, except those in the Centre, which remain potyhedral. 

l^hc s/w/jf 0/ j/jc Anxr cansisls, from within oumards, of the medulla, the cortex 
and the cuticle. The m^dultn is usually absent from the fine liairs coixrinj; ibc 
surface of the body, and commonly from those of tJic head. When viewed by trans¬ 
mitted liiiht it appears deeper in colour and mn« opaque than the cortex, but when 
viewed by reHccted light It Is ^vhltc. It is compared of row's of pnlybedral cell*, with 
air-spaccs berw'cen, and somettmes w ithin, the cells. The rorrex constitutes the 
chief part of the shaft; its cells are elongated and are united to form flattened, fiiaiform 
hbrrs. which contain pigment-granules in darkhair^ and air in wliitc hair. The oit/rfe 
consists of & single layer of flat scales which ci^xrlop one anather from bqJow upward*. 

Over most parts of the body ihc hairs are fine and dovvnv and give an appear¬ 
ance of hairltssncss. Almosit the entire skin of the hiunan at about ihe mkidllc of 
ffrtal life covered by a fine \m\r, called (pritnary hairs), and in fact the haits 

on the hack at this time are itiore numerous (per square centmicfrc) tlian in the 
gorilla or chimpanzee of corrcsptmding futal age. The bnugo haire art inustly 
shed by birth and are replat^ed by line: hairs* termed iifltus (secondaTy hair^)* in the 
early inofiihs of postnatal life. These arc retained in most region^ but are replaced 
by the hairs (terminal hairs) uf the scalp and eyebrow^? \ alsii by the and 

pubic hairs, and those on the face i^md front of the chest in the nude, which appendr 
at puberty, their development And growth being under hormonji cofitrol. In the 
adult the scalp hairs are more numerous {per square centimetre) than in tlui anthro¬ 
poid ape^). ITic Jiinugo and veil us hairs have no medulla^ In the male the hairs in 
die veailbiile of the nose and in the external Liudituty' meatus gn>w markedlv wkh 
advancing ago. In * furry'' mammals hair functions in the tcinperaiurc contndling 
mechanism by minimifiing hrat loss ; this function in man is senxd by the sub- 
cutaneous hit, and the hairs am concerned largely in the cutaneous sensation of 
touch (pp. 9io. 921). Growth of a hair occurs at the hair bulb, w here the ttlls 
capping the p^ipilb proliferate and form the Jmirir of the Isair. As the 

daughter cells become progrtesivcly dbplaccd upwardis they become kcratinised to 
form tlie fibre-like comifi^ cells of the shaft of the hair+ "llic duration of life of n 
single hair varies from about 4 months (eyelashes* axillary^ hair) to about 4 years (eedp 
hair), after which k is shed and is mplaced by the sprouting of new' ctlis from the 
gertninal matrix. Grovrth of a hair varies with its testure, ranging from about i ’5 mm. 
(fine hair) to 2 2 mm. (coarse hair) a week. Greying or whitening of hair is d.ue to 
the collection uf minute air bubbles iit the cortex (and mcduLlt) of the shaft and 
in loss of pigmcnl (melanin) formation by cells in the germinnJ matrix (see p, 1296). 

Minute bundles of involuntary muscular fibres* teimed the Arrectores pilorum 
(figs. 1070, ro73). are connected with the hair-follieJc?. They arise from the 
aupcrficjal layer of the corium, and arc inserted into the outer coat of the hair- 
follicle. hekjw the entrance of the duct of the sebaceous gland. They arc placed on 
the side towards whieh the hair slopes, and by their action diminish the obliquitv 
of the follicle and elevate the hair. When they con tract the skin over thdr origin 
is depressed, while the skin immediately around the hair is devated ; this resuhs in 
the appearance of " goose skin ’ seen on exposure to cold or in emnii^mal reactions, 
'fhe sebaceous gland is situated in the 4 ngk: which the Arrectof mtisclc forms with 
the superficial portion of the harr-fullidc, and contrAetion of the muscle thus ten tin 
to the sebaceous secretion out from the duet of the gland. The Arrecior 

muscles arc supplied by sympathetic nerves. 

The Sebaceous glands (fig. 1073) are small, sacculated, glandular organs, 
lodged in the substajicc of the eoriimi. They arc found in most parts of the skin, 
but are especially abundant in the scalp and face ; they aie also very numerous 
around the apertures of the anus* no^, mouth and external ear, but arc wanting in 
the palms of the hands and soles of the feet. Each gland consists of a single duct, 
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more or Icsa capaciotts^ which emerges from a duster of oval or flask-shaped alveoli, 
usually from two to five, hut in some instances as many as twenty in number* Each 
alveolus is oortiposed of a transparent basement-membrane, enclosing a number of 
epithelial cells. The outer or marginal cells are small and polyhediaJ, and arc 
continuuuft wiih the celb lining the dtict. The ren^iniier of the alveolus Is filled 
with larger cclls^ containing Fat, but in its centre the cells are broten up, leading 
a cavity filled with their debris and a mass of fatty matter^ w'hich constitutes 
the jeAtjJTi rufoTietim* As the sebaceDiis glands produce their eecredon by com¬ 
plete fatty clcgenerattoi) of their central ccUs they are classed as /iw/ocfwie glands^ 
As the eciuml ceils diatntegrate, they are repkeed by prolirentlion of the marginal 
cells. The ducts open most frequenily into the [jair-follicles, the glands being 
developed as diverticula from the epithelial walls of the follicles themselves, but 
occahSionalty upon die genend surface, as in the labia minora, glana pents and the 
free margins of the lips. On the nose and face The glands are of large si^e, distinctly 
lobulated^ and often become much eidyrged from the accumulation of pent-up 
secretinnp 'l*hc tarsal glands of the eyelids are demgated, sebaceous gknd< with 
numerous, latemJ diverticula. Sebum acte as n natural Jubricant of the hair and 
skin and protects the skin from the effects of moisture or desiccation ; it also has 
some baeicriotridal actiDii. The secretojy^ activity of the sebaceous glands does not 
appear to be under nervous contml; it ia stimulated by honnonal action, parti¬ 
cularly androgens. 

The sweat glands (figs, 1070 and 1075) are found in almost every part of the 
skin, and ate situated in si^J pits on the under surface of the coriump or, more fre¬ 
quently, in the subcuiancQua tissue, surrounded by a quantity of adipose tissue^ 
Each consists of a single tube, the deep part of w-Mch is rolled into an oval or spherical 
half named the body of the gland, W'hilc the superficial part, or dti£t^ traverses the 
cotium and epidermis and opt^ns oti the surface of the skin by a funnel-shaped aper- 
turc+ In the aupchieial layers of the corium the duct is straight, but in the deeper 
layers it is convoluted or twisted ; where the epidermis is thick, os in the palms of the 
h^ds and soles of the feet, the part of the duct which passes through it is spirally 
coiled. "I'hc siste of the glands varies. They are cspeeialjy large in those regions 
where the amount of perBpiration i^ greatt as in the where they fiiim a thin, 

mamillated layer of a reddkh colour* which comisponda cstactly vvith the situation of 
the hair in this region ; they are large also in the grotn. Their number varies. They 
are verv' plentiful on the palms of the hands^ and on the soles of the feet^ where the 
orificesuf the ducts arc acctxdingly regular, and open on the curved ridges of the epi¬ 
dermis ; they are least numerous in the neck and back. I'he tube* both in liie body 
of the gland and tn the duct* insists of two layers—an outer, of fine areolar tissue* 
and an inncr+ of epithelium. The outer layer is thin and is continuous with the 
superficial slmtura of the corium. In the l^>dy of the gland the epithelium consists 
of a single layer of cubical cells, between the deep ends of which and the basement- 
membrane there is u layer of longitudifially or obliquely arranged, elongated spindle- 
shaped cclki believed to he nitt^cular and called myo-epithelial cells. The ducts am 
destitute of muscular fibres, and arc composed of a basement-membrane lined by 
i\i-o or three layers of polyhedral cells ; the duct passes through the epidermis as a 
spiral channel which is simply an inteiccllukr cleft between the epidermal cells. 
^Vhen tlic epidtmiift is carefully removed fititn the surface of the corium, the duets 
nmv be drawm out in the form of short, thread-like proyfcasra on its under surface. 

"TIic ceruminous glands of the external auditory meatus are modified sw^eat glands. 

Most of the sweat glands are mrrocrine in natural he. produce their thin w'aier)* 
secretion without demonsirahte changes in the gbnd epitheliurn. In the region of 
the anterior axillary fold and in the scmtal and peri-anal skin are sorrie: larger glands 
which pimluce their lather thicker sccretton by degeneration and shedding of the 
portion of the epithcliaJ cell nearest the lumen. Such glands are termed afoaitti* 
In ihe female they flhovv involution changes related 10 each menscruiU cycle. They 
are developed in close as^weiatson with hairs and their ducta somettm^ open intn 
hair-follicles. Sweat glands are concerned in the temperature ^ntrol meclianiam 
by surface cn-apomtlon of the swesii. They are supplied by sympathetic nerves, 
though these are cholinergic in naiure [p- and no sweating occurs in a 

ilenervited area of skin. Rarely, sweat gliinds may Ik congenitally djirnt, in which 
case special mcana have to be adopted to present rise of body temperature in hot 
weather. 


SPLANCHNOLOGY 


TliE RESPIRATORY SYSTEM 

T he respiratoiy includes the two lungs ind a series of air viz, 

the nasd rav^ties (pp. 29^-103 ; 12^4-1235), die pharyms {pp. 13^0-1390), 
the laryiLX and Uie trachea and its divisions (the bjtsnchi^ broncfiiolea, etc,)* 


Tke Laeynx 

TJie which is the oif^aji of the voice as well as an iUNpEtssage^ extends 

from the root of the tongue to the tracheu It projects fonvands bctivceii the great 
vessels of the ncct, and is covered anteriorly by the skin, the hsdx, and the 
depressor musclea of the hyoid Imoc (fig. 1075). Above, it opens into the laryngeal 
pm of the pharynip of which it forma the anterior wall ; bebw^ it is continuous 
with the t^chea. In the adult tnaJe it is situated opposite the third, fourth, fifth and 
sixth cervical vertebrae, but it occupies a somewhal higher position in the child and 
in the adult female^ fn infanta of between six and twelve months the tip of the 
epiglottis (the highest part of the larynx) is a little above the level of the cartiraginaus 
disc between the odontoid process and the body of the axis. Its average measure¬ 
ments in the adult ate as follows: 

In moles. Jn females. 

Length 44 mm, 36 mm. 

Transverse diameter , ^ ^ 43 ,, 

Anterop>osierior diameter . . 36 ,, 2b „ 

Until puberty the larynx of the male differs litde in sisje from that of the female. 
In the female its increase at puberty is only small. In the male the increase is 
considerable ; all the cartilages enlarge and the thyroid cartilage projects in the 
anterior median line of the neck, while the anteroposterior diameter is nearly 
doubled. 

The skeletal framew'^oik of the larynx is formed of cartilages^ which are connected 
by ligaments and membranes, and are moved by numerous muscles^ It is lined 
with mucous membrane continuoiiS above and behind with that of the pharviix and 
below with that of the trachea. 

The cartilages of the larytxx are nine in number, three single and three paired, 
via.: 

Thyroid. Two Arytenoid, 

Cricoid. Two Comiculate, 

Epiglottis. Two Cuneifonn. 

The thyroid cartilage (figs. 1075, 1077^ 1078^ 10S7) is the Largest cartilage of 
the lary^nx. It consists of two i^uadnlateral the lower parts of the anterior 

borders of which arc fused at an angle in the median plane to form a subcutaneous 
projection named the laryngeaJ pr^tru^ce (Adam's apple)* This prominence is 
most distinct at its upper part, and is well marked in the male but scarcely visible 
In the female. Immediately above it the lamina? are sepamted by a V-shaped notch, 
termed the ihyrmd Posteriorly the taming diverge and the posterior border 

of each is prolonged as two slender processesi tlie superwr and infmor horn. 

On the outer mffsie of each lamina an oblique line runs downw'axda and forwards 
from the superior thyroid tubmie, which is situated a litde in from of the root of the 
superior horn, to the inferior thyroid tubercle on the tow^er border of the lamina. 
This line gives insertion to the Sternothyroid and ori^dn lo the Thyrohyoid and 
I nferior constrictor muscle of the pharynx. 'Ilie inner surface is smooth : above and 
behind, it is slightly concave and covered with mucous membtanc. In the upper 
part of the angle formed by the junction of the the thyro-epiglottic ligament 

Is uttached x bdow this, and on cither aide of the mid-line, the vestibular and vocal 
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I4^^ifne!nt3 and the Thymar^tenoid^ Thyro^pjgkmic and VoedJ miLgt^LcA g;lin 
attachment. 

The upper harder of each Jamina ia enneave behind and convex m front; it gives 
attaclimciit td tlie cdriEsponJing half of the thyrDhyoid rnembrane. The iatarr 
border la concave bchindf and nearly straight jn fronts the two parts being separated 
by tlie inferior thyroid tubercie. In and near the median plane it is connected to the 
cricoid cartilage by the ericothyroid ligament. 

The iinterior border k fused with that of tlie opposite lamina^ forming with it an 
angle of about 90* in men^ and about tio^ in women. In men the greater projection 
of the laryngeal prominence, the greater length of the vocal fold and the resultant 
deeper pitch of the voice src all associated with the smaller sise of the thyroid angle. 
The poiieriar border^ thick and rounded, Teccives the insertions of fibres of the Stylo^ 
phaiyTigcus and Falatophaiyngetis muscles. The mpertor Aorw, long and naiTOW, is 


Fjg. 107 tmiaverw Kctioji HCnis* the antenor part of the neck kE Ehc 

level of Lhe vpcal fold#. 
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directed upwards, backw'ards and medially, and ends in a conical extremity, which 
gives attachment to the lateral thyrohyoid ligamcnL The mferior kom, short and 
5 iick, ii directed downwards, with a dight inclination forwards and medtally ; on 
ihc medial Hurfacc of it# lower end there is a small oval Facet for articuiadon with the 
side of the cricoid cartilage. 

During infancy a narmWp loactigc-shaped, flexible stripp named the infra- 
if^aid cartilage, occupies the interval between the two laminae anteriorly and h 
joined to them by connective tissue. 

The cricoid cartilage (figs. 1079 to 10S2) is smaller, but thiefcer and stronger 
than the thyroid cartibge. It is shaped like a dgnet-ring, and forms the low cr parts 
of the anterior and lateral walls and most of the posterior wall of the kiynx. It 
comprises a quadrate pHSStenor lamina, and a narrow' anterior arch. 

The tamina of the cricoid cartilage is deep and broad, and measures vertically 
from a cm. to 3 cm.; the posterior surface is marked by a median, vcrtLscal ridge, to 
the upper part of which the two fasciculi of the longitudinal fibres of the tesophagua 
ire attached by a tendon (p. 1394). On each side of the ridge there is a shallow 
depression for ibc ori^n of the Posterior cricoarytenoid. The arch is narrow in 
fronts measuring vertically from 5 mm. to 7 mm., but widens posteriorly as it 
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approaches the lamina. The externa] surface affords attachment in front and at the 
sjdc to the Cricothyroid muscle, and behind, to part of the Inferior constrictor of 
the pharynif. The arch of the cricoid can be felt easily in the living subject below 
the laryngeal prominence and separatw! from it by a alight depression wliich corre¬ 
sponds to the ericotliyraid Ugamcnt, On each side, at the juneu'on of the lamina 
with the arch, there ts a prominent circular facet, directed laterally and backwards 
for articulation with the inferior horn of the thyroid cartilage. The iower bordfr of 
the cricoid cartilage is horizontal, and connected to the highest ring of the trachea 
by the cricotrachcaJ ligament. The upper border mns obliquely upwards and back¬ 
wards, It gives attachment, in front, to the cricothyroid ligament; at the sides, to 
the cncovE^c;il mcfnbr^c sn-d the JLiUti^nil crtwarvt-tnuids [ bshindp [t presents xi 
median shallow notch, and on each side of this there is a smooth, oval, con vac 
surface* directed upwards and laterally, for ankuktion with the base of the 
arytenoid canik^e. The inner turface of the cntocd cartilage is smooth and lined 
with mucoufl membrane. 


Fic, 1076.—A tramvtrte st^un tlimuMh the ancermr part oF the n«k, betwcui 
the fifth and aistth cm'leat vertebne. Scmi'dingniminaTic. 



n. 


hVrn.7af4rf^ Vaiftai n. 




The paired aiylenaid cAitllnges ( 5 gs, 1079, loSi) are placed on the upper 
border of the lamina of the cricoid cartilage, al the back of the laiy-ns. Each is 
pyramidal in form, and has three surfaces^ a base and an apex. 

The pDffmor triangular^ smooth and concave, is covered with the 

Transverse arytenoid. The iinieFoliileral mrftire is soinewliat con vac and tough. 
On it^ near the apex of the cartilage, there is an elevation from which a crest cui%'cs 
at first backwards and then downwards and forwards to the vocal proces.<i. The 
lower part of this crest interv^enes between two depressions or fovcrc^^ an upper, 
tnangufar^ and a lower, oblong in shape; the upper gives attachmerit to the 
Vestibular ligament ^ the lower to the Vocal and Lateral cricoary^ienoid muscles. 
The meJiulsurfj^e is tiarrowi smooth and flat; it is covered with mucous membrane^ 
and its lower edge forms the lateral boundary of the intercaTtilaginous part of the 
rin^ glottidk (p, ijr^). The hose is ooncavc^ and presents a smooth surface for 
articulation with the upper border of the lamina of the cricoid cartilage. Its lateral 
angle or mmcnlar pr&tett^ rounded and prominent, projects backwards and laterally* 
and gives insertion to the Posicrior cricoarjtcnoid behind, and to the l^auTal cric^ 
arytenoid in front. Its anterior artgic or vne^i pra-tss ti pointed ; it projects hori¬ 
zontally forwards and give* attachment to the vocal ligament. The tfpr.v curves 
backwards and medially, and articulates with the ct^^meufeiie cartiiager 

The camieuJftte cartilages ffigs. rqSi* joSt] arc two small conical nodules of 
elastic fibrocartilage which articulate with the summits of the arytenoid caitildgea 
and ser\e lo prolong them backwards and medially^ They are situated in the 
posterior parts of the arycpiglnttic folds of mucous mcmbirane, and are soinetiines 
ftised vritii tli-e arytenoid cartilages. 
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The cuneiform cartitagea (fig. lolia) arc two aioaU, elongated, dub-^haj^d 
pieces of elastic dbrocartilagc, placed one In each aryepiglottic foid, where they give 
rise 10 whjdsh ele^'ations on the surface of the mucous membrane, just in front of 
the comietJate cartilages^ 

The cartilage of the cpigloitia (figs. 1077, to8t, 1082) ia a thin, leaf-like lamella 
of clastic fibrocarulage, which projects obliquely upwards behind the tongue and 



Myrowt 


Fig. 1077,—The pe^Tcrior and thu left Ibhiium d the thyresd 

eturtilage, literal surface. 


the body of the h^^td bone, and in front of the entrance to the larynx^ The free 
extremity, broad and rounded, h directed upwards \ the attached part or stalk is 
long, narrow, and connected by an elastic lig^ent, named the ^kyr^^-€pigfo^tk 
itgamtttf, to the angle formed by the two Umifiae of die diymid cartila^, a short 
distance bdow the thyroid notch. The aides of the epiglottis are attached to the 
arytenoid cartilages by the aryepiglottic folds of mucous membmne fp. 13&9). 


Fio, i07K,^The thyrukl ciitibife. 


hom 



Jm/fririr ham 


A, tatttiof HpcR. Jt, pod^fkir npicn 

71^ ot th* v^iubuUr HftmtEitt uid Hh vmI limn{b€bnr| 

DT itKmp m J&r 

The upper part of the aittrriof iurface of the epiglottis h free, and covered with 
mucous membrane, which is reflected on to the pharyngcaJ part of the tongue and 
on to the latcToJ wuU of the pharynx, forming a mcdijin gim$Q^epigktttc faM and two 
ialfT^ glaKo-rpighthc fotds. The depression on each side of the median glosso- 
q}ig 1 ottic fold is named the TullMilti, The lower part of the anterior surface lies 
behind the hyoid bone and the thyrohyoid membrane, and is connected to the 
upper horde/of the hyoid bane by an etaatic ligament, named the hyo-tp^htfic 
kgamtnt; it is separated from the ^yrohyoid membrane hy some fatty tlsaue. 

The pfltf/mor mr/ace of the epiglottis is smooth, concave from side to wde> 
coocavooonvta from above downwai^ and covered with mucous membrane ; Lia 
lower part projectft backwards as an elcvatidn, known as the fuhfrch. When the 
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mucdua m^fnbrane is rcmovedp the cartilage is seen 10 be LrEcJentcd by a number of 
snidll pits in which mucdus gknds arc lodged. The carrikge is pcrforsted by 
branches of the intemsi kryngeaJ nerve. 

Funedon of the cpielaltis.*—During degludtion (p. 1300) die epiglottk mpvn 
upwards ind fni^'urds and is squeezed between th^ bwie of the tongue anti die rest of 
the iHrynx, the bolus slipping over its posterior surface and over the closed inlet of the 
Jaryni. In oian^ it is degeneruEe in function and is separated from the soft palate by a 
long interval; it is fiat essential for dcgluddonH w'hkh can take plac^c normally even 
if the epiglottis is destroyed by disease p neither is it essential for respinition or phon* 
otiqnr Borne maminals arc kern-sccntcd even when the mouth ie open for feeding. 
In these, the epiglottis is Isipt and projects into the nasal part of the pharyiut above 
the soft palate; when catingp the cpiglotris is dniwn downwards and forwards {by 
the hyo-cpiglottic muscle, teprescnicd in man by the hyo-cpiglottic Ligament) against 
the upper surface of the soft palate^ so keeping the nasal oimny clear and the mouth 
closed. The function of the eplgluttk in these antnuilA is thus to preserve the 
integriry of the olfactory sense ev-eri when the mouth is open. 

Structure.—Tlie comkulate and cuneiform cm-tjlagesH the epEglottiap and the 
apicca of the flryicnoids consist of elastic hbrocartikge, which shows little tendency to 


Fig. 107^.—^llie arytenoid hikI cricQid cartilagieft. 
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calcsEcadon. llic thyroid, criccidp md the greater part of the arytenoids consist 
of h>'alme cartilage, and beeoitie marc or Icm ossified os age advances. Ossification 
cofrumences about the twenty-fifth year in the thyroid <ardlage, and somewhat bict 
Ln the cricoid and ihc arytenords ; by the sixty-fifth year idhese cartilages may be 
converted ompictely into bone^ The osailied puts of these cartilages are visible 
in radiographs CPI- 

Joints.—ITie joints between the inferior horns of the thyroid cartilage and the 
aides of the rricoid cartilage ore aypDviab and each is en veloped by a capsular llga- 
rncntp which is strengthened posteriorly by a fibrous band. At these Joints the 
cricoid rotates upon the mfciiDr horns of the thyToid cartilage around an axis passing 
transversely through both joints ; to a timiied extent the cricoid also glides in 
different directions on the horns of the thyroid. 

A pair of synovial Joints exist between the facets on the upper border of the 
lamina of the cricoid cartilagt and the bases of the arytenoid cartilages ; each joint 
b enclosed by a capsular ligauicnt, and a strong pofffnbr cricoaryttnotd figameni 
connects the cricoid cartilage vrith the medial and posterior part of the base of the 
arytenoid cartilage. These joints permit of tw‘0 varieties of movcnient: one b a 
rotation of the aryicnoid on a vertical a.\iSp whereby the vocal process b moved 
laterally or mcdiaily^ arid the rima glottidis increased or diminished ; the other is a 
gliding moveirienE^ and allows the arytenoid cartilages to approach or recede from 
each other; from the direction and slope of the articular surfaces lateral gliding ii 
■ V. Ev Lond^y 63; i-$, 1^27, 
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actODipanicd by a rorvrard and dmwiward ubovcmcnt. The two movemcjit^ of 
gliding and rotation aio associated, the medisJ gliding being connected with medial 
rotation, and the lateral gliding with lateral rotation. The posterior criixiarytenpid 
ligaments limit the forward movements of the arytenoid cartilages on the cricoid 
cartilage. 

A cartilaginous, sometimes a synovial, joint exists between the apex of cadi 
arytenoid cartilage and the corresponding comiculatc cartilage. 

Ligaments and membmnes.^—1080, loSi)* 

Extrinsic (igamtftts .—The thyroiiyotd membrsne i$ a broad, hbro-clastic layer^ 
attached below to die upper border of the thyroid candage and to the front of its 
superior horns, and above to the upper margin of the posterior suiface of the body 


FlO, lefio."—The llganicnld of the Luynx. AntemljltcrBl ispcct. 
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and f;reater homa of ihe hyoid bone. As k ascends, it passes behind the atncavc 
posterior surface of the body of the hyoid bone, and is separated from k by a hurea, 
which facilitates the upward movement nf the iarytu during dogludiiDn. The 
middle, thicker, part ot the membrMc is termed the rntdian thyr^ytnd ligamgHt \ 
on each side the lateral thinner portion is pierced by the superior laryngeal vessels 
and the intcrtial laryngeal nerve. Its outer surface' is in relation wifh the Tbyio- 
hyoid, Stcmoh]i>oid and Omohyoid muscles, and with the body of the hyoid hone. 
Its inner surface is related to the epiglottis and the piriform fossa of the phaimx! 

The laletat thynkyutd /jjgaifHTiri are round eiisstic cords which form the posterior 
borders of the thyrohyoid membrane, and connect the tips of the superior homs of 
the thyroid cartiuge to the posterior ends of the greater horns of the hvoid bone. 
A small cartilaginous nodule, termed the tariihga is frequently found in 

each ligament. 

The epiglottu is attached to the hyoid bone by the hyo-epiglottic ligament and 
to the thyroid cartilage by the thyro-epiglottic ligament (p. ijo6). 

The (rieotracheal tigameTit unites the lower tmnfcT of the cricoid cartilage with 
the first ring of the trachea. It is continuous below with the fibrous membrane 
which invests the rings of the trachea. 
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Intrinsic ligummti. —Beneath the mucous membrane of the larynx there is a 
broad ahcct of fibrous tj^ue which cotitairks many eiastic fibres^ and is termed the 
menibriSfif 0/ tfie iitrynx. It ia subdivided on each side by the inier^^aJ 
between the ^ estibukr and voSaJ ligaments ; the upjjer portion extends between 
the aiy tcnoid cartilage and the cartilage of the epigiottis+ and is often poorly defiiicd 3 
the lower part ia a wTiUmarhed membrane forming 1 with its fellow of the opposite 
side, the trico^cal which connects the thyroid, cricoid and arytenoid 

cartilages one to ano^her^ The 


Fic. jesSr,—'Fhc li^meniA of the ionTcc. 

PofttcriDT upcct. 
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joints between the individual car¬ 
tilages arc also provided with 
ligaments, already described. 

The erkovocat membrane 
1082} is composed masc*” 
low clastic tissue, li cr 
an an tenor and two lateral parts. 

The itNittiof partp or crjco^AyraiV/ 

Ugamtnf^ is thick and strong, nar¬ 
row above and broad below. [| 
connects the front parts of the 
contiguous margins of the thyroid 
and cricoid cartilageSr It b over¬ 
lapped on each side by the CriDt>- 
thyroid, but between these musdes 
it is subcuTnneous ; its upper part 
js citjss:d by a small arterial arch^ 
formed by the junction of die two 
cricotbyroit! arteries t branches of 
this arch pierce the ligament. 

The lutcFai part of the cricovocal 
membrane is thinner; it is lined 
with the mucous membrane of 
the larynx, and b covered with 
the Cricoarytenoid and Thyro¬ 
arytenoid. Below it is attached 
to the inner edge of the superior 
border of the cricoid conilage. Jis 
upper edge ia attached, in front, 
to the deep surface of the thyroid 
angle and, behind, to the inferior 
surface and dp of the vocal pro¬ 
cess of the arytenoid cartilage. 

BetxL'epn thesf itca attaehmtnn^ tkt 

tipper edge of the toteroi part of the mcovo^ol membrane a free and k thkhmed 
titghtfy ia form the vocal IlgamenC (fig* 1082). 

The cavity of the Luyna (figs. 1083, 1084) extenils from the laryngeal inlet, 
by w hich it communicates with the pharym, to the level of the lower border of 
the cricoid cartilage, where it h continuous with the cav-iiy of the trachea ‘ 
divided into thr^ parts by an upper and a lower pair of folds of muenijs mem¬ 
brane which project from the sides of the cavity into its interior* The upper folds 
are named the vest^uiar /o/dt, and the Ibsurc between ihcra is called the rima 
vesfibu!t\ The lower folds are concerned in the production of the voice, and are 
therefore named the foidt^ and the fissure EKstween them Is called "the riW 
gloitiJu. 

The Met of ihe iarynx [aditus larymgis] (%, 1085) b the aperture through which 
the laryngeal cavity opens into the phan’nx. The plane of the aperrure is directed 
backw-nrds and very slightly upwards, for the anterior wall of the bryms is much 
longer than its poiucrior wall and slopes downwards and forwards in its upper port 
(fig. 1083), The opening ts boujtded anteriorly by the upper edge of ihc ^igloiiis, 
posteriorly by the mucous membrane stretching between the arytenoid cartilages, 
and on each side by the free edge of a fold of mucous membrane which sir etches 
between ihe side of the epiglottis and the apex of the arytenoid cartilage and contains 
some ligaments and muscular Ebres ; this la the myepigiottk fold, an d on the posterior 
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FiQ. 1082 —A disKcdon to «bow the right half <tf the crkqvocd nierntMunc, 'Hte right 
l■mill» of the thyroid corrilage itid the tubjac^^^l muickfli hav« boeti mtiov^dp 
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part of iia free margin thm are two oval eLci-adonap an anterior pniduced by the 
cuneiforin cartilage, and a posterior by the ecjmJculate cartilage. Thcdc devadona 
art separated by a shallcvr vertical furrow, which k continuous below widi the 
opening into the sinus of the Uyn*. (Sit p. 13^0^ 

The vesSibuie 0/ thf larynx (figs, 1083. 1084) k the part between the laryngeal 
inlet and the level of die vestibular folds; it ia wide above^ and narrow below. 
Its anterior wall is much deeper than its posterior wall and consists of tlie posterior 
surface of the epiglottis, the lower part of which projects backwards as the ttibcrde 
(p* 1306J+ Its lateral ™lls, deep in front and shallow behind^ are formed by the 
medid surfaces of the arycpiglotde folds ; its posterior wall consists of the mucous 


FiO. —A cerotid scedon through the larynx and the ijppennQfit part of the 
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membrane connecting the arytenoid cartilages, abo%'e the level of the \'cslibular 
folds^ 

The miW/r f^r of the laryuEcal cavity b the smallest. It readies from the level 
of the rima vestibuli to that of the rima glottidis. On each side it opens, through a 
slit between the vestibular and vocal folds, into a rece^ which ia named the sinus 
of the lary-nx* 

The fims of tJu larynx ffigs. toSj. 10S4J h 3 fusitorm recess which lies between 
the vestibular and vocal folds, and ascends for a short distance outside the vestibular 
fold. It h lined with mucous mcmhnme, clothed on the outside by the correspond¬ 
ing Thyroarytenoid muscle. From the anterior part of the siniis a narrow opening 
leads upivan^ into the saccule of die larynx^ 

The soixulr of tht larynx (fig. 10S4) is a pooch which ascends from the anterior 
part of the sinus, between the vestibular fold 3nd the inner surface of the thyroid 
cartilage, occasionally extending as high as the upper border of the cartilage { it ls 
conical in form, and curved sligndy wards. On the surface of its mucous meni- 
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bruie there are the openbp of ai^ty or seventy rnitmua gboda, whidi are lodged 
n the submueoii? areolar tissue. The saccule is enclosed in a hbrous capauJc 
contiguous below with the vestibubr Hgainejic. Its medial surface Is covered by a 
few delicate muscular fiiadcub^ which arise from the apex of the arytenoid cartilage 
and^ passing fonvards between the saccule of the larynx and the mucous membrane 
of the vestibule, become lost in the arycpiglottic fold ; laterally it is separated from 
the thyroid cartilage by the 111 v'rocpiglottic muscle. I'hese muscles compress the 
sac and express the secretion of its glands upon the vocal fold to lubricate its sur¬ 
faces. Kn most apes the saccules am remarkably developed in the form of air sacs,, 
which may extend into the superficial tissues of the neck and even into the axilhe; 


FjO. 10S5,—The Intel of tlw tiiryju, viewed from behind, llie posterior Wall of 
the ptuuyTiE haa been divided in the medien plane and tw n uIbes rodt have 
been inserted to keep the cut porttans Hparl. 
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they itppear to aflFect the resonance of the voice. In man, the saccules occasionally 
protrude thmueh the thyrohyoid mcmbnine. 

The vestibular folds (figs. 1082, 1083. to^) are two thick, pink folds of mucous 
mcmbraiic, each enclosing a narrow band of fibrous tissue, termed the wtibular 
ligatHrnt, which is fixed in front to the angle of the thyroid cartilage immediately 
below the aitachmcni of the epiglottic cajtUegc, and behind to the anterolateraJ 
surface of the flrytenot J cartilage, a short distance above the vocal process. 

The vocal folib (figs, loSz, 10S3. Iof^^) am two sharp, white folds of muomjs 
membrane which stretch from the middle of the angle of the thyroid cartilage to the 
vocal processes of the arytenoid cartilages. 'Ilicy form the lateral boundaries of the 
rima gidttidia in its anterior part and a« coocented in the production of the voice. 
The stratified squamous epithelium which covers the vocal fold is closely bound 
down to the underlying vocal Itganirmt As a result of the absence of a submucous 
layer and blood-vessels, the vocal fold is pearly white in colour in the li vtrtg subject. 










THK MUSCLES OF THK LARYNX ijij 

The voc^l h'gittnrnt^, ^vhich ii continuous below with the laierrsl part of the CTicftVi!>ca.l 
membrant (p. 130^)^ oonaistie of a band of yellow^ chiatic tissue, related, on its ktcml 
Bide, to the Vot.'al niiiaclea (p. t3i4), 

llie rima g/oitiiHj 1086) is a hBBure situated between the vocal foldfl 
autcnorlVp and between the and vocal processes of the arytenoid cartilages 

posteriorly ; it is hmited behind by the mucous membrane passing between the 
an'tenoid cartilages, at the level of the vocal folds. The portion betw'een the vocal 
folds is named the laicmtimhntmui part, and me^urcs about three-5fths of the 
length of the entire aperture ; that Iwtwcen the arytenoid cartilages is nairied the 
rntmartilagmous part. The avenge length of the rima glottidis, in rbe adult mak\ 
ie ^3 mm.; in the adidt female^ 17 mm. k is the narrowest part of the larynx, but 
Its width and shape v'ary with the movementa of the vocal folds and ary'tenoid 
cartilages during respiration and phanadon p, 1315). 

The htCiT pari of the laryngeal envit)' extends froin the level of the vocal folds 
to the lower border of the cricoid cartilage. Its upper part is elliptical in fonrip but 
its lower part viidensi assumes a circular shape, and is continuous with the cavity of 


Fig. [13^,-“A laQ^iigoflecipic view uf the inticrior of the likf>'nK, 
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the trachea. It h lined with mucous iticmbmnc^ and its walls ennsisi of the crico- 
vocal membrane above, and the inner surface of the cricoid cartilage below\ 

Muscles.- The muscles of the hitymx are divisible into two groups fx- 
trimic md (a) inhifinc. 

(1) The extrinsk musdea pass between the larynx and neighbouring structures, 
and arc described in the section on Myology fpp. 569-5731^ 

(a) The imrinsic muscles art! Cricuih} 7 md j Pasterror cricowrytfnaid ; Lateral 
crieoarytenoid; Tratisvtrtr ftrytenmd ; Obfiqur arytenotd and its aubdivisioo the 
Aryrp^totde ; Thyra^iry'trmdd its subdivision the I'ocioi muscle and the 7'AiVTd/- 
eplghttic^ Wiih the c.xccptton of the Transf eree oiyicnoid these muscles arc paired- 
ntt Crkothyroid (fig+ ToWy)^ triangular in form* arises from the front and lateral 
pan o f t he outer surface of the cricoid cartilage \ its fibres dj verge^ aud arc arranged 
In two groups. TTic lower Hbres constitute the oittiqui part and slant hachivards and 
latcnilly to the anterior border of the inferior horn, w hile the anterior hhres form 
the straight part and run upwards and backwards to the posterior part of the lower 
border of the lamina of the thyroid cartilage* 

The medial borders of tiie two muscles are separated by a trianguhir interx'al 
occupied by the subcutaneous part of the cricothyroid ligament. 

The pQiimar cricoarytenoid ^fig. 108S) arises from the lower and medial part of 
the broad depression on the CQTTeapondm| half of die posterior surface of the 
larnjna of the cricoW cartilage i its fibres^ dimcted upwards and latcraOy* converge 
10 be inserted into the back of the muscular process of tiie arytenoid cartilage. The 
highest fibres are nearly horisjontal* the middle oblique and the lowist almost 
vertical; some of the latter libres are Inserted into the anterolateral surface of the 
an^tenoid cartitage^ 
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The Laitrai aiioaryt^n&id {fif?* 1089) k ^mallei- than the preceding muscle» it 
arises from the upper border of the arch of the cHcoid cardfage^ and^ passing 
obiiquelv upwards and backit-ardai is inserted into the front of the muscular process 
of the arytenoid cartilage. 

The Trdimwrrr ary tend'd {fig* to 38 ) is a single muscle which bndges the intenral 
betw'cen the arytenoid cartilages and fills the po^rior concave surfaces of these 
cartilages. It arises from the hack of the muscular process and bteral border of the 
arytenoid cartilage of one side^ and is inserted into the corr^ponding parts of the 
cartilage on the opposite side. 

The Oblique atytertmd(Hg* iofl8)i superficial to the Transverse aiytenoid, consists 
of t^vo fasciculi which cross each other like the Limbs of the letter X. Each passes 

Fic^ 1037.—A «iic view of the larynx, showing the muaeuhw ■nschmentx. 
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from the back of the muscular process of one itrytetiOEd c^rtLbge to the apex of the 
opposite cartilage. Some of the fibres are continued round the lateral margin of the 
apex of the arytenoid cartilage, and are prolonged into the ar^^epiglottic fold; they 
constitute the Aryepighttk muscle. 

The Th\TiMryieniiid (fig. tci%) is a broad, ifiifi muadCp which is situatied lateral 
to the vocal fold, the cricovocal membrane, the sinus and the saccule of die larviuc* 
It arises in front from the lower half of the ongle of the thyroid cartilage* and from 
the cricothyroid ligainent* Its fibres pass bathwards^ laterally and upwards^ to be 
inserted into the anterolateral surface of the arytenoid cartilage. The lower and 
deeper fibres of the muscle form a band which* in a coronal section, appears as a 
trian^lar bundle^ and b attached to the lateral surface of the vocal process and to the 
inferior impression on the antcFolarend surface of the arytenoitf cartilage. Thb 
bundle is named the J muscle, and is parallel with, and just lateral to, the vocal 
ligament; it is thicker behind than in frt)nt^ because many of its deeper fibres take 
origin from the vocal Lament, and so do not extend so far forwards oa the thvroid 
cartilage. A coDsidcnihIc number of the fibos of the Thyroarytenoid are' pro* 
longed into the an^cpiglottic fold, where some of them am lost, While others are 
continued to the margin of the epiglottis, forming the Thymcpiglottic muscle. \ 
few fibres extend along the wall of the sinus fnini the Lateral margin of the arytenoid 
cartilage to die side of the epiglottis. The ,^up^iar fhyrne^yienoiii (fig. loSg)* 
wliich is not alwa^'s present, is a small muscle. King on ihe kterai surface of the 
main mass of the I'hytoaryicnoid and extending obliquely from the angle of the 
thyroid cartUage to the musettbr process of the ftrytenoid cartilage* 

Actions.*—The muadc? of the larynx may be conveniently divided into three 


• V. Ei NrffUB^ Prai^, Soe. Mtd.f 40* 840* *947. 
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gitiups a^pcotrding 10 thdr main actbns^ (ij tho^e Vihlch opcfi and close the glottiiip 
vv£. ihc Pitstirriof and [Mitral Crie^tyttnwds end the Aryitnmils \ {2) thoAC which 
Tegulato the degree of tension of the vwaJ ligamenEa, vb, the Cncothirouh^ the 
Portmar Crtcoaryfe^^^^ the Thyrmry iatmJi and the ittusclirs -' (j) ihose 

which modify the inkt of the bry^ns, viz* the Aryepi^htfia and the Th\To- 
tptglfjiiia (ng, 10^). it is lo be noted ihatp under normal conditions^ the tTirre- 
spcmdiiLg muscles of the two sides always work together. 


1 he Posttriw {Ticoaiyr^mfidt open the by rotating the nr>^enojd cartilage 

larernliy^ around a vertical axi^ passing through the ericOHrytenoid joinls, »o that the 
vocaJ and the attached v<>ca] foldg ftre aepatflied, "i’hcy aLso briicc back the 

arytcnoidsp tbuji assisring the Cricoarytenoida to making die vo^ folds teiiije. 'iHie 
most iflienl fibres of the muscle drawr the arylciioitls laterally, so that the entire rima 
glottLUJs becomea trmngular (not lijzcnge-shiipcd) when the I'hMierior cricQaryTtnoidB 
contmet. 

Tlie Laitrat mrotirytynQidt close the glottis, by rotating the ar^tenoiil cartilages 
meOEglly so as tti approxinratc the vocal pmcesses. 

The TranKtru myt^id apprpximBtn the arytejioiti oiml»ge», and thus dost* 
the opening 01 the glottis, especially at its posterior part. 

rfruf/ij'roiVj product tension and elongation of the vocal ligaments by draw¬ 
ing up the arch of the cricoid eanllagc and tilting back the uppcT border of iia kmma ; 
the distance h^meen the i.'ocal processes and the angle of the rhytoid is thus increased, 
anti the voral ligaments arc conscH^uently put on the atrctch. They also pull the 
thiiuid cartilage forward, increasing the distance bcEwcen the angle of the thyroid 
and the atytcnoiib ; this acticn also renders thtr vocal folds tense. NVguS 
oelicves this latter aciiisn of the niuscTe is the principal dmc^ because during phonation 
r *^* “*'^' encojd is held immovably against the vertebral column by the action 

™ 1 *^-”*^^* * J^7)' Durintf swBllowing, the Cricopharvngeus reluKes 

^td bJIows the €ncoid to be tilted forward during closurc of the inlet of tlie Lrenz. 
1 h^noithyroid.s also rutatc the arytenoids medially, thus adducting the ™al folds. 

t he 1 ti^Ttkirytetirnds draw the Riy-tenoid cartilages forwarda towards the thyroid, 
and thi^^ thorf^ and relux the vocal ligaments. At the same time they rotate the 
arytenoid cuffilag^ medially and approximate the vccaJ folds. The deeper fibw. 
forming the I oroi mtiitirf, produee TvluKaticn of the posterior pam of the vocal irtra- 
mecits, while ihc anterior part is ten&er, the efFeci being to raise the pitch of the 


' I aryttttinds and the Ary rpishftlc iitmrtfs act os a sphincter of the 

mEcl of the larj nx hy bringing the aryepiglpttk folds tof^therp and by approximating 
cartilages m the tubercle of the epiglottis. 

gloT^folds ^'^‘idcri the inlet of the kiymx by their action on the aryepf- 


Mdv^ments of the vocal fofda{fig, 1090),^—In the condition of rest* c^g. in 
quiet rcsparaiionp the internembtanoiiis part of the rima glottidis k triangular, its 
b^ng m front and its base behind, tiie base being represented by a line 
(about S mm, long) connecting the anterior ends of the vocal processes of the 
a^lcnoida; the intercartilaginoiia part ia tcctangular since ihe medial surfaces of 
the arytenoids are paralleL 

In forced ibspimrion, the vocal folds undergo citrcmc ubduction ; the arytenoid 
c^tilagca are rotated laterally and their vocal processes move widely apart. The 
glottis IS thus lozenge-shaped ; both intermembranous and intcrcartilaginous parts 
ere tnon^lar, the w idest part of the aperture being opposite the attachments of the 
iDids to the vocal processes of the arytenoids. 

The movements of the vocal folds during phonadon have been studied by high¬ 
speed motion photographs.* Preparatory to phonadon the Lrttcrmembniiioiis and 
mtercarnla^riDus parts of the glottis aro reduced to a linear cliink by adduction of 
the vocal folds, and adduction and rnediat rotation of the arytenoid c^tilagcs^ ThLs 
IS followed by tighlening of the folds, the degree of tension determining the pitch of 
the Bound. As the pilch rises, ihe^ tension of the folds inefeaaes and they may 
lengthen by as much as 50 per cent, in the highest notes. The photographs suggest 
that the lengthening affects both extremities of the folds, indicating that the 
Cricotliyroid musdes act not only on ihe cricoid cartilage as above described but 
alsri tjk the thyroid cartilage doivnwards and forwards. In whispering, the inter- 

* J+ Frmman, Arrli, Ot^Iaryfif^h^ 3,5, 154a. 
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mt^rrLbr4noua part of the giottia ii but the intercanilaginotia part retnatns 

iviiiuly patent *o that thett ia free escape of dr durijig die process, 

^^^.^ovements of the tuTyni, ai^d the manner in which iw inlet ia closed during 
deglutition^ are deiHnibcd on p+ 1390. 

Mucous Membrane. -The mucotis mctnbnine of the larynx Is cidntitiuous above 
with that of the mouth and pharynx, below with that of liic trachea. It is loosely 

Fic, toSt,—The tnusclet of the Imynx^ Poiterfor upecU 
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to th^ anieriDr .utfa« of (he cpiglattis, «,d to (h* imdtrjjing b the 

vflllcc^ li co^rt the ii^^piglpTOc foldii, which bound the inlet of the lirmx • b 
tfie»c foldB th«e ib « conaidcnible amount af an»tar tiaue. It lincj the cavitY of the 
lat,^. fo^ by m reduplicatjcn the dtief of the v„Sar 
Mottnued into thejtmia and of the It |* fitmly attached to the ^Btertor 

m^ce of the cpigloHM «id to ^ laryngeal surfaccj of the ctineifomi and wytenoid 
«rtilae«. oovtnng the hg,nienis art thb and intimately adhLnt to 

them. On the anterior stirfoce, and t^ upper half of the posterior surface, of the 
em^lotu., the upper ^ of the a^epigiotric folds, and the vomI folds, the epibeliian 
of the tnucoitf membrane is of the atmtihed iquamoiu type t patch** of,tnitiJied 
BquamoLH epithelium am al» foimd above the glottis. The of the larwacal 
mucoui membrsne la covered with ciliated columnar epitbelbuu 

Glatutt. The mucous itii^bntne ofthc larynx ia fumiihcd with numeroits tnucou* 
glands; they are very plentiful upon the epiglottis, where they am lodged b little 
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lKr^n7!r?», i*ii?„ marRins of the afyepiglortc folds in front of tho 

arytenoid urtilaeo, they are tertned the arytettoid glandt, Thev are larcc and 

Tre phonahon. 'Vhe free edges of the vo«| folds 

tl™ in Ihj tongue, are scattered ov^r the posterior surface 
rrf^heepiglonts, m the aryepigfott.c folds, and less regularly m some od^r pa^ts of th^ 

Vessels ud NervM.—The chief tintrfrt of the larynx an- the laniujeal branches 
of tlie supenor and inferior thyroid arteries. The wths BccfMnpanyitJ^the 
kiyxigc^ artery join ihe Supenor thyroid vein, which opens mto the inte^l iu^nuLir 
vem : those Bccompanjing the inferior larntgeal arren- Join the inferior thyroid Wn 


Fic. ioSi}.-71ie muHfn of ihe laryiuf. ViemsI from the left ride. 

Ihe left kmma of the thyroid carrilsite hnn been rMtutved, 
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brachiowp^ie vein. The iyftipJi vtttelf are divisible fo to mo 
sets, a supenor above vocal folds, and m inferitrr brloiv i the superior vc«eis 

P'™ thyrohyoid menibra^, and end in 
iTeJ' bifurcation of the enmmart carerid 

L^t pjerw the cricothyroid ligament and open 

into a lymph nenfe lying in front of that lignment or in fitmt of the upper part of the 

l^ph nod» ^ the lymph nodes alongside of the inferior rhyrr?id artery. The 
nmvs are denvvd fmm the internal and cxierrial branches of the superior larvttEeal 
nen-t. from the recun^ t fei^gedl nerve and from the svmpathcticr The tnte™l 
larynBcrd h^ch is probably enrtrely sensory, though some claim thai motor fikmenta 

the superior laryngeal imery, and ditides 
into baches which supply both surfaces of the epiglottis, the aryepiglottic fold, end 
the intenor of the larynx down ^ far as the level of the vo«d folds. The eirtetnal 
laryngeal branch supplies the Cncothyroid foy entering its lateral surface. The ter¬ 
minal parr of the recurrent laryngeal nerve accompanies the Isrvngeal branch of the 
infenor thyroid artert-, and posses upwards deep to the lower border of the InferioT 
cimstrictor muscle, immcduitdy behind the ericothvrotd Joint. It supplies all the 
intrinsic muKles ot the larynx except the Cricothyroid, and distributes sensory 
tiranchea to the Jaryngcal mucou* membr«ne below the level of the vocal folds fire 
f<Kitnote, p. riJi-) 
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LAryn^Q&copic inlet of the laiymc^ ibe atruciuit^ surround- 

iujt it, end the cavity of the larynx can be in^specred with a kiyngosoopic mirror. The 
epi^lottia 14 mud) foiic^horlcncd (hg. to^), but ita tubercle be seen in the median 
plane. From the margins of ihc epiglottis the aTyt^iglottlc foliia can traced bock- 
wards and medially Bnd« ac their posterior exiremicies, die elevationa produced by the 
cuneiform and the comiculsie csitilagee can be recognised. The pink vestibular folds 
and the pearly white vocal folds are visible within the cavin- of the hryn^ end^ when 
the rims glotcidis is opened widely* the rinEs of the trachea come into view. TTie 
piriform fosssc of the pharynx con sJso be inspected. 

RadJogtaphy.—in lateral radiograplis^ in addition to the ossihtd pam of the 
kryngeni cartilages, the eptgloEtis, srycpgilottic folds, aryienoidp comicuLste and 
(somedmeaj cuneiform cartilages, and the larvng^ai sinus are visible. 


Fee. to^.—'A series of dingramg to show dilferent positions of the vocal folJi 
And ar^lcnoid canila^i^ 
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Surfait Appited AnQtwriy —ln snd near the mid-line of the ticcJt the following 
structures are readily identified (fig. 567), The laryngeal prominence (Adam's apple) 
can be felt easily \ it m vtafble in men but mu always in women. *Vht anterior parta 
of the upper borders of the IsmimE of the thyroid cartilage and the thyroid notd) ire 
palpahle, (l*hc vocal folds lie opposite shout the middle of the anterior border of the 
thyroid cariilsge.) Above the thyroid* the body of the hyoid and its greater cornua 
can be palpated, the latter most readily by gripping the throat at this level between she 
thumb and finger. The thyrohyoid membrane Lies in the dcpre»ion between the 
thyroid csrulage and the hyoid. Below the thyroid, the arch of the cricoid con be felt ■ 
it is on a kvel with the lower part of the cricoid loniinsi and lies opposite the body of ie 
sixth cervical vertebra. The depression between the cricoid and thyroid correoponda 
to the cricothyroid Jlgamctit. Below the cricoid the firat ring pf the i^hea can be felt 
Foreign bodies may become impacted in the inlet of the larynx or in the rims elotddjs 
and cause sufibcatiot) by tneeban ical obetmciion. Small bodies may pass down into the 
tntdiiCfi or bronchi, or lodge in the lotyngeal sinus and* by inilating the mucous 
mentbrsnep cause rcficx apst^ of the glottis with consequent suffocstian. Infbmma- 
tian of the upper part of tht Itaytm may cause considerable swelling of the mucous 
membrane through effusion of fluid into the abundant lax submucous tissue ^ this 
condition is called * ttdema of the glams'. The effusitm does not involve, or extend 
below, the folds, since the mucous mcfnhnmc is elo^cly adherent to the vocal 







THE TRACHEA AND BRONCHI 1319 

jifiKHUDtis witbouc ihc mtrrvcntion of any auhcoucoMs luaue. In tht above cbmSj an 
Jncjalon into the larynx belovi^ the vocal folds through the cncothyroid matibrane 
(iBrynsotomy) or into the (ttiseheototny) may be nece$!)iity to restore a 

auT'Vi^. The mucotia membrane of the upper part of the larynx la exhetody sensitive 
and contact wiifi foreign bodies causes an immediate expJotivc cough. In aulddaJ 
cut-throat the ivound Ji usually througii the thyrohyoid membrane with damafte to 


Fjo. lo^T. —The caiiilpL|t« of the larynx* tracheap and bmnchl. Antetiar upect^ 
Drawn from a cs*t made /fl dta in fiiaiblfl metal by R. C. Brocks 
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tbo epiglottis^ aupenor thyroid vcssela^ external and internal carotids and internal 
jugular veins ; fesa frequeniJy it Is nbove the hyoid with dimoge to the tongue muscles 
and the lingual and facial vessels. {For remits of damage to the lar^gesl nervea^ w 
p. 1136.) 

The Traoiea and Bro\'cuz (fig* 1091 ) 

'rhe trachea^ or wiadpipe^ is a cartilaginous and rnembraaoua tube, about 10 
or 11 cm. loDgp continued downwards ftom the lower part of the laryrui:. In the 
cxdaver it reaches from the level of the sixth cervical V'crtcbra to that of the upper 
border of the fifth thoracic vertebra, where it divides Into two bronchlt one for each 
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liing. The trachea, for the main part, lies in the median plane, though its point 
of hifureatbn usually lies a little to the right of the median pi^nc. In the living 
subject during deep inepiration the bifurcation descends and my come to lie 
opposite the sixth tbofacic vertebra. The trachea is not quite c>'Iindrica], being 
fiattenetl posteriorly - its cxtcrjial diameter from side to aide is about z cm. in the 
adult male* and 1-5 m. in the adult female. In the child the trachea is smaller 
mare deeply placed and more movable than m the adult. In the living the lumeii 
^ smaller than in the cjadaver* its diameters in the adult being about t 2 mm. In the 
firal year of life the diameters do not exceed i mm.* while during childhood the 
diamctera in millimcires correspond appmximatdy with the age in ycar^. 

Rdations of the trachea.—The cmic^lpari of the trachea (fig, 68^) is covered 
antenoriy with the shin and the superficial and deep foscise. It is crossed hv the 
jugular arch connecting the anU-rior Jugular veins and overlapped by the Sterno¬ 
hyoid and Sternothyroid muscles. The second* third and fourth rings of the trachea 


Fm. [0^3. -~A transverw section thmu^h the mediastinum be the level 
of the body of the third thomeic vertebm. 
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a« crossed by the athmus of the thyroid ghuid; ironiediitely above the isthmus an 

‘ 5 tHe isthmus 

It IS related in front, to Ae pKtra^«U fascia, the inferior thvroid veSa Tc 

“ I,'?' thyrtoidea Ima (when thit vessel eidsta). 

In the chil^thc brachioccph^ic artery crosses obliqudy Ln front of the trachea a 
or a kttle above, the level of the upper border of the maiuibrium stcroi, and the left 
brachiocephalic vein may extend a little above the upper border of the m 

P^teriorly the iroehea is related to the esophagus, ffich intern 
the vertebra] column ; the necurrent laryngeal nerves ascend, one on eMh side In 
the grooves between the sides of the trachea and the asophatma Lat^a!hthl 
troeh« IS related to the lobes of the thyroid gland, which desefnd to?hT1«cl 
the fifth or sixth troeheal ring, and to the common carotid and inferior di> mkl 


ftftenes. 


The rWrtflf Pflrtof the trachea (fip. im 2, 1094) descends through d,e superior 
mediastinum. In fiont, it is related to t)ie manubrium stem!, the orim'nsTf V^ 
Sternothyroid muscles, the remans of the thymus, the inferior thyroid%«ma thS 
left brachiocephalic vein, the arch of ihc aorta, the brachiocephalic and left common 
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^rotid jrtcnes, the d«rp part of the cardiac plevus of iicrvcs, and some lymph nodes. 
Owmg to the divergence of the brachiocephalic and left cunimnn carotid arteries as 
they a^end in the the fi>mer vessel comes ta htun thq right, and the hUerdn 
the iefi of the trachea. Behind^ it is tcIaEcd to the rcscipkigu!^, by which it is 
separated trom the vertebral column. On the righi h is related In the right lung 
and pk-urti, the right vagus nerve, and the azygos vein : on the /if/f lo the ;irch of ihc 
aorta, the leit common carotid and left suhclaviaii anerics. The left recgrreni 
laryngeal nerve, in its upward cotir^, lies at first betw een the trachea and the arch 
of the aorta, and then in the groove between the trachea and the gKEiphagus. 

- ^ branchu*^ (fig. 1091), wider, shorter and more vertical than the 

Jert, IS about 2-5 cin+ long, and enters the right lung nearly opposite the fifth 
^oracic vertebra. The greater width and mori! verticdl course of the right 
bronchus result in a greater tendency for foreign bodies to pass into the right than 
into the left bronchus. The azygos vein arches over it from behind ; the right 
pulmonary' aricry lies at first below and then in front of it. After giving off a branch 
to the upper lobe of the right Jung—‘termed the tpufifritji hrt^fichus because it arises 
above the right pulmonaiy artery—the bronchus passes below the artcrv, and is then 
known as the hyp^icrial bron^fius. 

The epancrial bmnehua arises ftotn the lateral aspect of die parent bronchus 
tuns upw'ardsand laterally for about t cm. before dividing into/Ar^e branches.* 
One of these, termed the is directed upwards with a lateral inclina¬ 

tion low-ards the ape.v of the lung, to w hich it is distributed. The second, which 
serves the poatcrorinferior part of the upper lobe of the lung and is termed the 
posimor {oT stthi^puai) tronchm, is directed backwards, laieraJlv and slightly up¬ 
wards, \ cn- soon after its origin it divides into a lateral branch, and a posterior 
branch, which runs backwards and divides into upper and lower branches. The 
third termed the tmterior branehut, runs downwards and forwards to supply the 
rest *ne upper lobe ^ not far from its origin it divides Inio a lateral and an anterior 
branch which arc of ei]ual 

About 2 cm. below the origin of the eparterial bronchus, the hypartcrial bronchus 
give* oil a branch to the middle lobe gf the right lung (fig, 1091J. It springs from 
the interior aspect of the parent irunit and is directed forwards, downwards and 
laterally. It soon divides into a mtdial branch to the mcdLiJ part of the lobe and a 
iiifrrul branch lo its latent] portion. 

Opposite to. or a little below the origin of the bronchus to the middle lobe, a 
large: apieat branch arises from the dorsal surface of the hypartcrial bronchus and 
runs backwards to be distributed to the upper part of the lower lobe of the right 
lung. Delotv this a subapical or poatcrior bronchus is sometitnes found and it may 
be large m the right lung. Between the origin of the subapical bronchus and that 
of the latcru basal bronchus one or two accessory segmental brrmchi may arise 
from the lobar stem to be distributed to the subapical area, the lobar stem con¬ 
tinuing as the posterior basal bronchus. In the left lung the upper part of the sub- 
apical segmental bronchus may be overlaid by the apical segment above and the 
postenor ba&al segment below ; in these casts the peripheral distribution is seen 
on the lateral aspect of the lung (fig. io93).t Thereafter the hypartcrial bronchus 
continue downwards, backwards and laterally for 2 cm, and then divides into an 
antrrwr batal branch, directed doiynwards and forwards, and a trunk which divides 
alinwt in^edlately into a posterior hssal branch, directed dowTiwards and back- 
'X*. ** branch, directed laterally and downwards. At its tcnninal 

division the hypartcrial bronchus gives off a small branch, termed the mediui hasat 
(or Cardiac) branch, which runs downwards and mediallv to senx a small area of 
the medial part of the lower lobe below the hi Jus of the lung. 

bronchus (fig, 1091), narrower than the right, is nearly 5 cm. 
long, and enters the root of the left Jung opposite the sixth thoracic vxjtebra. 

It passes below the aortic arch, and crosses in front of the cisophagus, the thoracic 


• delailed dcKriptien of the bunche. of the bronchi, their Vuistkini and their 
dinicBl ti^ficence, eeiwulc a tent, ot pepen bv R. C. Ilroek and others, H<»pital 


91, t5j4Z : 104,^ and 93, 194+ jummariaed in Thr Ana tomy of tht B^onehMT^tt 

Ip r I- HunJqe-Neil, \S. GilirbOLLr t. J, Cv^^TUlCs Bril, MgJ. 45,^ ,^3^^ 
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duett the descending thoracic aorta ; the loft pulmonary artery hes at first abo^'e, 
and then in front of iu The left bronchus has no eparterw branch^ 

About 5 aiii from its origin the left bronchus gives oif a lai^c branch from 


Fio^ iiHjj.—Diijtrimi of tbc lunffi vhowin^ ttie bruncho-pulmonao' u-gtncnli. 
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its snttralatenil suHace, ThU branch curve* laterally for a abort distance and then 
di vides into two btunchi, which correspond 10 the branches which the right bronchus 
gives to the upper and middle lobes of tli* right lung. Both these bronchi are 






















TEIE BRONCHI 


*323 

disciibiitfd to the tipper lobe of the left lungi which docs oot possess s separate 
middle lobe [p* 1337). The upper division ascends for 1 cm. before giving off an 
antfrior (pectonU) branchp and ihen continue its uptvird oour^ fora fortlier 1 on. 
as the iipkopasimiir branch before dividing into dpiV^i/ and posfmor branches. The 
apicah posterior and anterior bronchi arc distributed^ Idr the most part, in a siniilar 
manner to the correspmding bronchi of the upper lobe of the right tung^ I'hc 
lotvcr div^Lajon of the left upper lobe bmnehus runs dowTitvards, fomards and 


FiCp 10^.—A mruvGw wdion thr^iigh ihc n>cdiA 3 tinum at ihc tcvcl ^if ihr 
upper part of the body df the fourth thenide vrrccbra. 
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latcraJly to be distributed to the lotvcr and anterior pan of the upper lobe of tbc 
left lung. It is known to ehnician$ as the /I'w^ir/^ir Unlike the bronchus 

to the middJc lobe of the right hmg^ which divides into anterior and ktcml hrundieSi 
the lingular bronchus, af&er giving off a small lateral branch, divides into upper and 
lower branches called the suprrtfjr fttfgui^r and lingufitr branches* “[litse two 

bronchi malntairi the direction of the lingular bronchus and end in the lingula Itself- 
Continuing downwards, ^nd slightly laterally and backwards* the left bronchus 
gives off branches to ihc lower lobe of the left lung exactly corresponding with the 
branches distrihtilvd lu the lower tube of the right lung, except that the mcdiid 
bsiKil (or cardiac) branch is absent or+ when present* is very smalL 

Each of the alwve-dcscribed branches o| the right and left bronchi diodes into 
raiuilications that arc distributed to self-contained^ functionally-independcni units 
of lung tissue, called hTonchftpuirrmnarv scgmmts (fig, 1093), The main broncho- 
pulmonary segments (fig, 1093) are named and numbered as follow's: Righf iraig* 
Upper -Lobe—(1) nVpicalp (2J Posierinr, (3) Anterior; IVliddle lobe—Laterafi 
(5) Medial; Lower lobe—^6) Apical, (7) Medial hasat (or Cartliiic)^ (^) Anterior 
basal, (9) lateral basalt (to) Posterior baraL Lc/t ^attg^ Upper lobe—^(1) Apical, 
(2) Posterior, (3) AlUefiurt (4J Bupersor lingular, {5) Inferior lingular; Lower 
lobe—(6) Apical^ (8) Anterior hasah (9) l-aieral basal, (jo) Posterior basal, (I'hc 
absence of a medial basal or cardiac segment involve omtsaion of sc-gment 7 from 
the low'er lobe of the left lung,) Each bronchopuljTitmary segment is gurrounded 
by connective tisEsue (conttnUfiUB with that of tJsc visceral pleura) and forms a 
Separate respiratory district of the lung. While inTection nuiy be restricted tq one 
segment, malignant disease and tuberculosis break thmiigh from one ficgmcnt to 
another. Reecnl advimcts in thoracic Burgery * have shown the imponance of these 
segments in connexion with certain diseases of the lungs. Use is also made of the 
anatomical topography of the branches of the bronchi in detemnning the neccssarv' 
postures to be adopted by patienis for promoting natural drainage of Lnfcclcd areas 

• See foatnqtn on p, 1321- 
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of ihc and far the injectfon af radio-opaque substanccti (hpiodul) inm varioits 

bn>nch(TpulmEii^iiry ^egjncints far dmgnustir purposi's. The segments of liie upper 
|ahc$ tif (he lungs guppited by the laterEl and pistcrior hnmehea of the posterior 
bronehuft are cr^mmon si tea for lung absccas. I'hr bronchus supplying the middle 
lobe of the right lung is comparatively narrowv and short and is liable to occlusion 
from tKtrinsic pressure ; Jl nmy also become compressed by enLirgernent of lymph 
tiiidcs that gurmund it. 

Structure (lig. 1095).—The trachea and cxtrapulmonan" hronchi consist of a 
framevi-ork of jnL-onupIbtc rings ot hyalinf^ caitiluge^ united by hbrnuii tissue and 
unatriped musde. '"Jlicy unc lined by mucous mcmhriine. 

The f^fitngej of the trachea vary from sixteen to twenty in nmiitKr. Kach is an 
impcrfl^ct ring which occupies the anterior tivo-thirils or so of the circumference of 
the trachea ^ behind, when: the rings are dehcienT, the tube is flat, and is completed 
by hbltnis and claniic tissue und unstriped muiM^ular fibres^. 'Lhe cartilages are placed 
horizontally one above another, and are sepaTiaicd by irarrotv intervals. They measure 
about 4 mm+ in depth and 1 mm. m thiclcncu ; thtir external surfaces arc ^attened^ 
but their internal surfaces are convexr Tw-a or more of the cattiiages often iinite^ 
partially or completely, and are Eometinies hiTuicated at their extremities. They are 

highly eJsariCji but may bectunc 
calcified in advanced bfc. In the 
extrapulmonary brL^tdii the car- 
tiEeges sre shorter and narrower 
than those of the irdchea, but have 
the ssune shape and irrangiement. 

'Hie fusT atid the last tracheni 
cartilagea differ from the others 
(figr 1091), 1’hc firit iaTtiiagt I’a 
broader than the resi, end ofien 
divided atone end ; it k cuonected 
by the cricoEmcheal Hgiiment with 
the lower border of the cricoid 
cartilage^ with which or with the 
succeeding cartSIage^ U is some- 
times blended. Tiie fan ^orhluge 
is thick and broad in (he middle, 
where its loiver border U pro-' 
longed Into a iriangiilar hook- 
shaped process which curves 
downw'ards sod backwards be- 
TW’een the two bronchi forming u 
ridge calicd the cirri no. ft fnmis 
nn each side an imperfect ring 
which ijncloses the commence¬ 
ment of the bronchus. The cartil- 
agfl alrove liic last is somewhat 
broader at its centre than the 
oihets* 

TVii^ /ihram —The 

t:a^ti!aBe^^ ^re cfidosed in an elastic fibrous membnme wliich eonsisEs of two layers ^ one^ 
the denser, passing over the outer xurfnoea of the rings, the other over the Snnisr sur¬ 
faces t at the upper eutd lower margins of the cattilagc^ The mo layers blend and futm a 
stuut membrane which connect* the ring^i one with another. iV'lwre the cartilages ore 
deficient pogxcrioTljp% tlie membrane forms n single layer„ ‘'J’hc rrachca is highly cLagtic 
and is stretched longitvidirmlly during rtspiTBlion, The yeJlow clastic and white colla¬ 
genous fibres of the clastic membnme art arranged in oblique decus^iating bund Fes, the 
angles of dectisMtioii being open in the unstrelchcd and acme in the stretched irachea. 

The muiaihr tinuf it placed within the fibroui mcnibraiic at tJie posterior psrt ol 
the tube, and consials of two laycta of non-striped muscle, longitudinal and transverse. 
The lotigthfdifuil fihm flfc cxiemth and mnsist of a few scattered bundles. ITie 
frflHft'cw fiftra musdr} art inteinah and fom^ a thin layer which not 

only cxienils between the ends of tiie cArtilsgcs, but also passes rcudss m the intervali 
beiw'ecfi the carutages. 

Mucous Membrane.—The inucoui mmibrene is continuous above with that of 
the Farynx, andt below with that of the bronchi. It conskts of areolar and lymphoid 
lissuep arnl presents i well-marked bfrocment-membnine, supporting an epithelium, 
the iurince cells of which are columnar and ciliated,^ with numerous munusn^secrccing 
gob1etH.^1ISr while those of the deeper lay era arc ovid or round. Tlie cilia produce an 
upward How' of the mucus. Beneath the basemenc-roembraric there is a layer of 


Fig. 1095 .—A ttaiwvme sectian through h pirt df 
the w-all of the trachea. 
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lortgttudindl cksEii;: £bm with a moiall aniotmt q{ iniefrvcjimg artoliir tissue. I'he 
it^yier is ccimpoieLl of d [ootc me-^h-work of connective tissue ^ tontaininpr 
large h|chuii^vcs;H^b, nerves and mucotis g]jindi5 : the ducts of liic Latter pierce the 
overlying kyen and open into the tnehca. 

Vessels and Nerves.—^'Fhe irached is aupphed with blood mainly by the iiiierior 
thyroid iirrenej:. I'hc mns end in the inferior thyroid venous plexus, lltc lymph 
nrrreZr pass to the pretracheui and purstrmchcsL lymph tiiKles. nerrer ate derived 
from ihe vagi mid the recurrent laryngeal nerves, and from the s^Ttiputbetic trunks ; 
they are distributed lo the THchcal muscle and to the enucouA membrane. 

Surf are and Applied ^^fioiowfv.—I’hc irarhea, about 1 cm. wide* extends from the 
cricoid eartilHge almost vertically downwards in the rutdian pJane as far as die sternal 
angle ; it inclines very slightly to the right as it descends. The lighl br^mhui runs 
from tlie lower end of ttie trmchea dowTiwards and to die rigln for a j emn lo reach the 
hilus of the Jung opposite the sternal end of the right third costa) cartilage. 'Jlie kft 
dranchui run* at u smaJier sngk from the lower end of the trachea for $ vm. to the left 
downwards to reach the hilus of the lung behind the left third coital cartilage, 
3 5 cm. from the meduin plane. The trachea may be opened by a median vertiesJ 
incision, either above the LatLimua of the ihymid gland (high tracheotomy) or hclow it 
(low trAclaeotomy), ^rhe low operation is more troubJesome beesus? the imchca 
recedes from the siirfbcc ms il descends and becaiise of the anterior relatEUTis of this 
part of ihc tutsc, namely the inferior thyroid veins, the snostommis between the 
anterior Jugukr veins, ihcarterk thyri^idea mia(whcn present}, and (in the child) die 
brachiocephalic artery, the left hmduoccphalic vein imd die thymus. tiache^n 

may be enmpresj^ed by pathologioil enlargt^meok of stnjcturea i^lated to it, e.g. the 
thyroid gland, the diymus and the arch of the aorta. {l*hc radiological uppcaranccs 
of The tnicheap bronchi and lungs art dealt with on p. Jj+J.) 

Tub Pleueue 

Each lung k invested by a delicate serous mefubrane ivhich is arranged in the 
fiirrn of a closed iningiruitea mc and is termed the pjeitro^ A portion of this serous 
membrane covers the surface of ihc lung and lines the fissures between its lobes ; it 
is called the f^iirfral or pulmottitry pleura. The rest of the incTiibrane lines the inner 
surface of the corresponding I'uilf of the chest-waLl^ covers a large part of the Dia¬ 
phragm, and la relledctj over the structures occupying the middle part of the 
thorax ; thia portion is termed the ptmetal pleura. "The ptiLnianarv and paiieial 
pleum: arc continuous with each other around and below tfte root of the lung ; in 
health they are in artual coniarr in allphoies af respiraFion, but the potential space be- 
iwcco them is knmvn as the pleural eavity. When the lung collapses or when air or 
OuJd CDllccts betivccn the pujinonary and panctaJ pleurse, the pleural cavity becomes 
apparent. 'Fhe right and left pleoi^ sacs are distinct from eadi other, and come 
into immediate contact only for a short distance behind the upper half of the body 
of the atemam (fig. io^)» although they arc separated only by a narrow interval 
bellind the trsophaj^s in the midthoradt reginn. ITic interval between the two 
sacs is named me inferpltnral ipace or meiiiasfmum. The right pleural cavity La 
wider than the left, because the heart cxteiiiis further to the left than to the right 
side. 'ITie upper and lower Emits of the pleural sacs are approJtimaiely tlie same, 
but the left sac sometimes descends to a lower level in the mid-axillarv' line. 

The pulmonary pleura Is inseparably connected wiili the lung. Jt covers the 
BUrfoces of the lung, including those which bound the fissures between the lobc^of 
ihc lung ; It is absent^ however, over an area where the lung root enters, and along 
a line extending downwards from this and marking the attachment of ihe pulmoimry 
ligament (figs, r toy, i 106}- 

The parlelaJ pleura.—DifFereni portions of the parietal p!eiim have received 
dktinctive names ■, the part lining the inner surhices of the ribs and the l^rartstersus 
thoracis (p. 58+) is the rastai pteuFa \ iliat clothing the thunacic surface of ihc 
Diaphragm is the diaphragmatic pleura ; that ascending into the otek over the 
summit of the lung is the crn iral pleura (or dome 0/ the pleura ); and that applied 
10 ihc structures occupying the irilcrplcuni] space is the mediastimil pleura. 

The costal pleura (figs. 1096, ia9S3 lines the siemumt ribs, the constituent parts 
of the 'rransversiiB thoracis, and the sides of the bodies of die vertebra?, and is easily 
separated from them. Outside the crustal pleura there is a thin layer of jtxise areolar 
tissue, called the enjttfhorack jusrm ; it corresponds to the Iransvcniaik fascia of 
the abdominal w'all- In ffrini, the cr>$tal pleura begins behind the sternum where 
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it La continuous viiih the mcdi^tinal plcu m. The line of junction of the mediastirta] 
with the costal pleura extends from behind the stcmocla^’kular joint downw^arda 
axid medially to a point in the median plane behind the sternal angle. From this 
point the right and left costal pleuree descend in contact with each other as far as the 
level of the fourth costal cartilages^ below which the line diffm on the two sides« 
On the right side it La continued down to the po&terior surface of the xiphistctTUii 
joint. On the left It diverges Laterally and descends^ close to or a short distance 
from the matgin of the sternum, to the level of the sixth costal cartibge. On each 
aide the costal pleura sweeps ktetallyi lining the inner surfaces of the costal cartilageSi 
ribs and the constituent pam of the Transversus thoracis, and at the back of the 
thorax passes over the sympathetic trunk and its branches, and on to the sides of 
the bodies of the vertebrae* where it again becomes continuous with the ntcdiasliftal 



FnS. 109#.—llw front of the thorax, thawing ihe surface relationt of the bona, 
liingv (purple), plciirrc (blue), and heart (red outlinEh 


Drid»iif»na. P* Oiifiw ef puInHipiirT trunk. 

B. hA utinf^E&ifkulir (mitnl) on&% T. Riiiln izridTcq^rkulu (Eikm^pid) 

pleura. Above, the costal pkura is continuous with the cervical pleura at the inner 
marpn of the first rib. Below, it is continuous with the diaphragmatic pleura along 
a line which may differ slightly on the two sides. On the right side this eosto- 
dtaphragmatic !int of rrfiectim of the pleura begins behind the xiphoid process, and 
runs downwards and backwards behind the seventh costal cartilage, and reaches 
the midaxillary line at the le\'el of the tenth rib \ from here the line ascends slightly, 
and crosaing the twelfth rib, reaches the level of the upper border of the spine of 
the twelfth thoracic vertebra {fig, 1100). On the left side the line follows at first the 
aseendlng part of the sixth costal cartilage, and in the rest of its course may be 
slightly low'er than that on the righ t aide. 

The dtaphra^aiic pltvra is thin, and covets part of the upper surface of the 
corresponding side of the Diaphragm. The outer part of ita ctreumfetence la the 
line described above, along which it is continuous with the costal pleura. Medially 
it is continuous with the mediastinal pleura along the Ime of attachment of the peri- 
c^ium to the Diaphragm. 

The eerruft} pteura or domt of thr pieura is the continuation of the costal pleura 
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oyer the apex of the iiing (fig. io^). It extends from the inner border of the firai 
rib medially and upwards to the apex of the lung, its summit rotchiog as high &s 
the lower edge of the neck of the first rib ; it then descends along the side of the 
trachea to become continuous with the mediastinal pleura. Owing to the obliqultv 
of the first rib, the ccn-ical pleura extends j or 4 cm. above the first costal cartiLge, 
but docs not rise above the level of the neck of the first rib. The cervical pleura is 
strengthened by a dome-like c.x;pansion of fascia, nan’icd the luprapUurai membram. 
It is attached in front to the inner border of the first rib and behind to the anterior 
border of the transverse process of the seventh cervical vertebra ; it is coveFcd 
and strengthened by a few' spreading muscular fibres derived from the Scaicni. 
A m^le that is frequently present, called the Sealemt mimmux, arises from the 
^terior border of the transA-er^ process of the seventh cervical vertebra and is 
inserted into the inner border of the first rib. behind the groove for the subclavian 
arter>% and into the dome of the pleura, which on contraction. It renders icose ; 
some consider that the suprapleui^ membrane represents the spread-out tendon 
of this muscle. The Cen ical pleura {lihe the apes of the lung) reaches the level 
of the seventh cemcal spine at a distance of a-5 cm. from the median plane. It can 
be represented by a curved line drawn from the stemoclasicukr joint to the Junction 
of the medial and middle thirds of the clavicle^ the summit of the curve being 


Fio. 1007.-^—Struetkirei in rclMtioo with the cerviol picurm of the left iide. 
Seen frpm belnw* 
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2^5 on. above the clavicle. The subclavian artery', directed upwards and bterally^ 
occupies a fiirrow^ a little below the summit of the cervical pleura. The rclatiom 
of the cervical pleura are similar to those of the apex of the Jung p. ^334, and 

fig. 1097). 

The mtdiaitinul pitura forms the lateral boundary of the interpleural space or 
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THE PLEUR.^ 


Stru^^tur**^—llic fm? aurfafic of the pkum is imoathp and maiarened by aeroua 
fluid. Like other serous membranes^ it is covered by a ainj^le lazier of flattened ctrib, 
united at their edges by cciricnt-substaneer These cells form a mesotheliumt and rest 



Fio. 1090-^^ crrijisvene section through the thorax at the Ui'eJ of the tower part 
of the fifth thoracic vettebn. 
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on s basement-tncmbmtiC4 lleneath the bascment^membraiDe there are netn'orks of 
yellow clastic and white fibres^ imbedded tn gmund-substance which also conmina 
connective msuc celU. The deeper layers of fibrous tissue in the pulmonarv picum 
ate continuous with the connective tissue around and bctw'ccn the iQbules of the lung. 
Blond-ve$scb, lymph vcuels and ners^s are distributed in the substance of the pleura^ 

Fio, E roo.— ^I'he lower hniLts of the lufig and plrurat viewed fmm behind. 



Tba 14 ^'cr of tba ItUia a±id pIniM ate thamri oq ihe dghl imIc. 


Vessels and Nervesv—The parietal and polttionary layers of the pleura are 
respectively developed from the somatopJeurEil and splanchnopkural layers of the 
lateral plate mesoderm (pp. 79, aoa). Correkted with this angina dm parietal pleura 
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derhxs its nrt^riaJ supply from spmaric rbody-wall) arteries (the Intereoj^tal^ internal 
thorsde and musculophrenic)^ its veins join the systemic veins Ln the nei^hViuunng 
parts of the chests wall, its E^iTUphatics also join those in the bddy-ivall and drain into the 
intcJcnsTa], sternal,, posterior nieJiastimii and diaphragmatic nodeSt and its nerve- 
supply is derived from the spinal nerves supplying the muscles and akin of the 
body-w all (Intercostal and phrenic ncj^'cs)4 whereas the pulmonary pleura, which Is 
an integriil part of the Eung itself, derives its vascular supply from the bronchial 
vessels. Its lymphatics join those of the lung, and its nerve-supply is derived from the 
aympathetic nerves inneivadng the lung and accompanying the bronchial vessels. 
1 ’huSp whereas plain is elicited by the application of tactile or thermoJ stimuli to the 
ponetal pleura, these do not form adequate stimuli when applied to the pulmonary 
pleura (compare the peritoneum, p, i 4 i+>- The costal pli^uta and the pleura on 
the penphera] part of the diaphraigm arc supplied by the intercostal nert^es t the 
mediastinal pleura^ and the pleura on the cental part of the diaphragm are supplied 


Ficr. TTQi = -A irnniiennf B«tion through the mniiaitinum at the level 
of ihc upper part of the body of the fifth thorndc verttbnt. 
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by the phrenic nent. trriiraTian of the former pam of the pleuf» reaulta in pain 
refemfd aloni; the mtcrcostil nert-cs to tht cheat or abdominal wall, whereaB irritation 
of the latter parts resutts in pain refcrTcd to the lower pan of the merit and over the 
ihoulder (that ii, to the area of skin aupplied by the same sei>msiita of the spinal cord 
that give origin tn the phrenic nerve, C 3, 4, 5}+ 

Apt^ied .'llnufoflp'*—Nontially the pulmonary pleura slides smoothly on the 
parietal pletira during respiration and does not cauac any aound appreciable on 
auscultation ; if howc% cr the pleura Is inHamed, characteristic friction sounds can be 
heard. If an effusion of lluid occurs into the pleutm| cavity, the al^v« sound dis¬ 
appears, and as the fluid accumulates the [ung ffraduaUv collapses and the heart and 
mediastinum are displaced towerds the opposite side. Entry of air into the pleuml 
cavuty (pneumothora*) whether caused acctdentaily by an eiiemal peortratin* wound 
or by rupture of part of the lunk', or produced as a therapeutic measure (eg to rest the 
Jung in tuberculosis) also results Jn collapse of the lung, as the elastic tissue of the lung 
contracts. NurmBlly this is prevented by the negative pressure in the pleura; cavity 
and by the cohesion between the opposed parietal and puhnonary pleura In oper¬ 
ations on the kidney from the back, the relation of the costal pleura to the twelfth lih 
must be borne in mind. Usunlly the pleura crosses the rib at the lateral border of the 
Ereoior spin® muscle, so that the posterior part of the rib lies above the lower line 
of the pleura (fig, i loo). If the last rib is too short to project beyond the Erector 
spin*, the rib may be mistaken for the last w hen palpated in this position and 
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an Incision whii^h is pmlonj^td up to ibis level will wound the pleiita^ It is therefore 
important to determine whether the lowest palpable nb i& the eleventh or twelfth by 
CQUfitijnijg down from the sccontl (at its junction with the sternal flT 4 ftc)+ 


Thb MepJAsrmuM 

The mfidiastinum^ strictly speaking, is the partition betw'cen the two lungs and 
therefore includes the mediastinal pleura of both sides* hut it is mort satisfactory to 
dchnc it M the mtcrval between the two pkiLral sacs^ It extends from the siemum 
in front to the vertebral column behind (figs, not* tto^)* and fiom the thoracic 
inlet above to the Diaphragm below. For purposes of description it is divided into 


Fio^ iiOl .—A tnHWVEige SECtioti ihmuich the meeiLiarinuni M the level of the body 
qf the flisth ihortae vm«bn- 
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two parts, an upprr^ w^hich is nanaed the superior mediastinum^ and a whidi la 
subdivided into (^a) the anterior medLastinum+ in front of the pcricanJiunip {h} the 
middle inediastinum, occupied by the pericardium and its contents, and (r) the 
posterior mediastinum^ behind the pericaidiuin. 

The superior mediastinum (figs, let^a, 1094) lies between the manubrium 
Btcmi in front * and the upper four thoracic venebrse behind. It is bounded below 
by the plane passing through the Btemal angle in front, and the lower part of the 
body of the fourth thoracic S'crtebra behind ; above, by the plane of the thoracic 
inlet, and laterally by the mediastinal pleurar. It contains the origins of the Sterno¬ 
hyoid and Stemothvfoid and the lower ends of the Longus cervicis muscles : the 
aortic arch ; the brachiDccphaJit, left common carotid and left subckvkn arteries ; 
the brachiocephalic veins and the upper half of the superior vena cava ; the left 
superior intercostal vein; the vagus, cardiac, phrenic and left current laryngeal 
nervea; the trachea, oesophagus and thonacic duct: the remains of the thymus, 
and the paratracheal, brachiocephalic and some of the iracheobronchiaJ Ijmph nodes. 

The anterior mcdiasiinum lies between the body of the stemum in front and 
the pericardium behind (fig, tiot) ; above the level of the fourth costal cartilages, 
it is exceedingly nartoWt owing to the dose approximation of the two pleural saca^ 
It contains some loose sreolar tissue, the stemopericardiac ligaments, two or three 
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lymph ntMlcs and a ftw smAll mL^diastiniil l^nmches of the internal thoracic arterv* 
The middle medlasttnurn [figs* 1103, 1105) ta. the bmadest of the aubdivisiom* 
h contains the heart enclosed in the pericardium, the ascending aorta, the bivcr half 
of the superior vena cava, the Eeiminal part of the azvgoa vein, the bifurcation of the 
trachea, the ti,vo bronchig the pulmonary trunk dividing into right and kfi piilmonany 
arteries, the right and left pulmonary vcina, the phrenic nen'w, the deep cardiac 
plexus and some trjtchcobrunebial Ijinph nodes* 

Tile posterior modiasitnum (figs* itoi 10 1104) is bounded in faoni by the 


Fic, 1103..—The iTtedinttinum, frooi the rit'hi tide- 
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bifurcation of the tmehea, the pulmonary vessclB, the pericanlium and by the 
posterior surface of the Diaphragm ; beftitui. by the vertebral column fram the 
lower border of the fourth to the twelfth thoracic vertebra and on etjck litte by 
the mediastinal pleura, h contains the descending thoriGic aorta, the azygos and 
hemiazygos veins, the vagus and splanchnic nerves, the cEsophaifUB, the thoracic 
duct, and the posterior mediastinal lymph nodes. 

Radiology of the mediastinum (Pis. XIX, XX).—Tn anteroposienor radio¬ 
graphs of liie chest (PI. XJX), the heart and large hltiod-vcssels form an opacity 
called the mcdiMttnal shadow. Forming the left border of this shadow can 
be recognised, from above downwards, the left subclavian artery, the arch of the 
aorta (' the aortic knucklethe left auricle and the left ventricle. Immediately 
below the aortic arch, the infiindibulum of the right ventricle or tlie pulmonary 
trunk may be recognisable an this hnrdcr. On the right border of the shadow are 
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the right brs^hiocepbaiic rciiii the auperinr vena the right atrium and the 

thoracic part of the inferior vena caviu Enlargements or latcrraJ displaccmcjitA of 
any of the above stnictunea accentuate the nannaL * bulges ‘ on the borders of the 
mediastinal shadow^ On cither side of the mediastinum, the opacities af iht 
pulmonary vesseU entering the lunga constitute the root or hilar shadows. In the 
upper part of the cheat the translucent trachea is seen in the median plane. 

In lateral or oblit^ue radiographs (PL XX) the heart shadow lies abovt tJie 


Flc, 1104_—The mnliutinunT. fmiil the Ictl side. 
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anterior part of the diaphragm. In front of it is ‘the retrosternal space' (the 
anterior mediasiinurn}« while behind It is ^ the letrocardiac space ^ (po^crior 
mediastinum) containing the eesophagus, rendered viBiblc during the pa^^age of a 
barium meal, and the descending iJwracic aorta. Above the heart shadow, the 
translucent trachea and bronchi are rccognisahle, and the aortic arch and krge 
vessels in the superior mediastinum produce faint ahadoWE. 


The Lut^cs (Pulmones) 

The Itmgs are the essential organs of respiration ; they are tivo in number, 
placed one on each side within the ihonix, and separated from each other by the 
heart and the other contents of the mediastinum (fig- 1106). E.vcqit for its attach¬ 
ment to the heart and trachea by the root (and the pulmonary ligament), each lung 
lies freely in the cortesponding pleural cavity. Tte substance of the lung is of a 
light, porous* spongy texture; it floats in w^ater^ and cmpitalEs when ladled. 
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01^■ing to llic presence at air irt its alveoli i it ia higtily elastic ^ henos the 
rttnactcij state of the limg^ when they art rtindved from the dosed cavity of the 
thorax* The surface ia amootb^ shining, and marked out by fine dark IntersectiDg 
lines into numerDus polyhedral artas^ indicating the lobules of the lung i each of 
these areas is crossed by numerous lighter lines. 

At birth the iunga are rose pink in colour i in aduk life the ontour is a dark 
slsiy-grcy^ mottled in patches i and os age advances, this motding assumes a black 
colour. The colouring matter consists of granules of inhaled carbonaceous matter 
(dust) deposited in the areolar tissue near the surface of the lung ; it increase in 
quantity as age advances^ and is more ahimdant in men itian in women+ Ai a rule, 
the posterior border of the lung is darker than the anterior. On the upper, 


Fig. 1105.—a imnai-icrsc WCtioiS through the mBdiutinum at the level 
qf the body of dw IcVenlh thomde vrrtthra. 
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movable part* of tlic lungs, the aurfacc pigmentation tends to lie opposite the inter- 
wstaJ spa^ The lungs of the ftetug, or of the still-bom child who has not 
breathed, differ fram those of the child who has breathed in that they are firm to the 
touch (hire the liver), do not crepitate when handled, and, containing no air, sint in 
water- 

The right lung usually weighs about 635 gtn., the left 567 gtti., but much 
variation cKcnia, and it is also dependent on the amount of blood or ktous Hu id that 
iheycontain. Tnielun^areheavjerinthenialethaninthc female; tfieirproportion 
to the body-weight is. in the former, fts 1 to 57, in the latter as 1 (o 43. 

Each lung is conical in shape, ami has an apea, a bare, three bordcra and two 
surfaLxrs. 

The afiex, which is rounded, lies in the plane of the thoracic inlet, in close con¬ 
tact with the cervical pleura. Owing to the obliquity of the inlet fp, 261), this part 
of the lung reaches from 3 cm. to 4 cm. above the level of tlie first costal cartilage, 
although It docs not nse above the level of the necit of the rib. Ita summit lies about 
2-5 cm. above the medial third of the cLivide, and the apesc is situated therefore in 
the mol of the neclt (fig. 1098). The cervical pleura intervenes bettveen the ap«t of 
the lung and the suprapleural membrane (p. 1337). on which the subclavian artery 
Bichca upwards and laterally, producing a groove on the anterior surface of the apei 
just below its summit and separating it from the Ikaicnus anterior. Posteriorly the 
apex is related to the inferior cervical and first tlwtacic ganglia of ilte sympathetic 
trunk, the anterior primary ramus of the first thqrade neiveand the superior inter¬ 
costal artery (fig- 1097). Laterally, it is related to the Scalenus medina ; medially 
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to the ImchKoccpMic artery, right hruchiceephalic vein and trachea, on the right 
side, Add tn the kft suhclavkan artccy and left brachiocephalic vein^ on the kft side. 
The froj^ LS semilunar in sliapc, and concave; it nests upon the convex surface 
of the Diaphnagm, which separates the right lung from the riglit lobe of the liver, 
and the left lung from the left lobe of the liver, the fundus of the stomach and the 
spleen. Since the Diaphragm extends higher on the right aide than on the left, the 
concavity on the base of the right lung Is deeper than that on the left. Laterally 


Fig, 1106.—A dl?$<ction to tho hrart^ greBt vwrli and in nitu. 
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and behind, the base ta bounded by a thin, sharp margin which projects for some 
distance into the costodiaphraginatic recess of the pleura, 

'Fbe coilal sur/act is smooth^ convex, of considerable extent^ and corresponds 
to the fqnii of the cavity of the chest, which is deeper behind than in front. It is in 
contact with the costal pleura, and exhibits^ in specimens which have been hardened 
*11 ffVu, slight grooves corresponding wjth the overlying ribs. 

The mtJiat stirfaCF Is divided in 10 a posterior or ^rrtrhrat part, and an anterior 
or mi-^Hiutinat part. The vertebral pan is in conlact with the sides of the thoracic 
vertebra and Lntervcnebral dlsca, the posterior intercostal vessels and the splanchnic 
nerves- 1'he mcdiadtiiud part exhibits a deep concavity, which accommodates the 
pericardium and i& termed the cardiiU imprtss^n j this concavity is larger and deeper 
on the left than on the fight lung, because the heart projects more to the left than to 
the right Hide of the median pkne. Above and behind this concavity there is a 
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somewhat triangubr dtpresston named the hiluf^ where the structures whidi form 
the root of the lung (p^ 1338) enter and leave the viacua. These structures are 
invested by pleura, which extends downwasndSp below the hilus and behind the 
cardiac impression, and forms the puliuonary ligament. 

Apart from these fcatmes, which art shared in common by both Lungs, ihc 
markings on the medisstiiial surface seen in specimens hardened in situ arc different 
on the two sides. On the right iungf the car disc impre^ion is in relation with the 
anterior surface of the right auriclCp the anterior and laterid (right) surfaces of the 
right atrium and a amaJl part of the anterior surface of the right ventricle, li is 
continued upwards in front of the hilus as a w ide groove which lodges the superior 
vena cavTi and the lower end of the right bmchbceplialic vein (fig. 1107}. Posteriorly 

Fia 1107.—^rhe tniidb! iurikcc of the rifiht Itmg. 
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this groove tg joioctl by a deep, njirmw grvjove whith arches fonvards above the 
hilua and u caused by the iUygDs vein* TTie right edge of the cceophagus produces 
a shallow g^ve vihicli runs vertically downwards behind the hilua Md the 
piilmonary ligament, Aa it approaches the Diaphragm^ the usophagiis inclines 
lowTuda the left and paases away from the right lung. The usophagcal greove, 
therefore, does not extend to the iower limit of this surface. The postcro-ioferior 
comer of the cardiac impression is confluent with a ahon but wide notch which 
accommodatea the thoracic part of the infenor vena cava. Bctw'een the apex and 
the groove for the azygos veifi, the trehaea and the right vagus nerve are in close 
relation tn the limg, although there is no correspotiding surface depression. 

On the It/t lung (fig. i io8), the cardiac impression is in reiation with the anterior 
and left surfaces of the left ventricle and left aurielB, and the anterior surface of 
the infundibulum and adjoining part of the right ventricle. It is continued 
upwards tn front of the hilus to accommodate &e pulmonary truah. A wide, 
deep groove arches backwards above die hilus and downward behind it and 
the pulmonary iigament ; it iodges the arch and the descending part of the aorta. 
Near the summit of its curve it ia confluent with t nurower groove which ascends 
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tDw^d^ the snd oecupicil by the left subclsvian artery^ Behind thi? gnx^ve 
and abave the aortic groove, tlic lung i& in contact with the thnnicic duct and the 
left edge of the crsophagiis. In front of the upper part of the groove for the left 
subckviait artcr^^ a faint groove ia produced by the left bntchiocqjhallc vein- 
Inferiotiy, the left edge of the cefiophagua may make a alight imprer^ion in front of 
the Lower end of the pulmonary ligatneni. 

The injerior ia thin and sharp where it aeparatea the base from the costal 
surfiicc and extends into the coetodiaphfaginatic recessmcdiaLly, where it divides 
\hc base from the mediastinal surface^, it is blunt and rounded. It k represented, 
dunng quiet respiration»by a line drawn from the low^er end of the anteriDr border 
to reach the eighth nb in the midaxtllary line, where it lies nearly to cm. aL>ave the 


Flo. no8,—medkt iurfacc of the left lung. 
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costal margin ; the line is then continued medialJy and slightly upwa^rds across the 
back m a point a cm. lateral to rhe tenth ihoradc spine (fig. i too). The 
hr/rdfr separates the costal surface from the vcrtchml part of the medial surfaccN and 
corru^sponds to the medial margins of the heads of the ribs. It is not marked by any 
recognisable ridge or line, Tlte so-called * thicks rounded posterior bi>rder * 
comprises the admining parts of the costal and vertebral surfaces. 

*rhe cifitmor hordfr is thin and sharp^ and overlaps the from of the pericardium i 
that of the Tt^hl Jung corresponds very closely lo the costomcdidstinal line <sf pleural 
reflection and is almost vertical; iliat of the h/t corresponds to the costomediastinal 
line of pleural reflection in its up^r pan, but below the level of the Founh costal 
cartilage it presents a notch of v sriable siKCi named the cardirtt muh. ITie niargin 
of this notch pa^^ses laterally for 3-5 cm, before cun ing downivardA and medially to 
reach iht sisth costal cartilage 4 cm, from the median pbne. It thus falls mnsider- 
nbiy short of the recessed part of the line of pleural rcfiection (fig, 1096)* leaving the 
pericardium tn this situation covered only with a double layer of pleura, (Ike Area 
of fuperfia'di cardiac daiincss, p. 7J7*> 

The fissures and lobes of the lungs,—The kft tun^ is divided into a superior 
and an inferior lobe by an ohfi^e fismfe (fig. iioS). which extends from the costal 
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to the rnedial stirfacc of the lung buth above and below the hilus. As seen oo the 
surface, this fissure begrrison the mediaJ surface of the lung at the upper and posterior 
part of the hilti?, and ruiis backwards and upwards la the posterior borderp which 
it gt a point about 6 cm. below the ape);. It then extends downwards and 

forwards over the costa! stirficc (fig. 1096), reaebioj^ the lower border 0 little behind 
its anterior extremity. Its further course can be followed npwwds and backwards 
across the mediastinal surface as far as the lower f>art of the liilns. On the posterior 
border of the lung the oblique fissure lies opposite the inten'al between the spinea of 
the third and fourth thoracic vertebne (about 2 cm. from the mcdiafi pbuc)^ but i| 
may be eiiher abo%e or below this level. Traced downw’grds and forwards across 
the costaJ surface of the lung> the fissure crosses the fifth intercostal space (in or near 
the midaxitlary line) and follows the fifth intercostal space until it intersects the 
inferior border of the lung close to, or just below the sixth costochondnil junctian 
(7-5 cm+ from the mediim plane). . 4 s a rule the oblique fbsure of the left lung is 
more vertiod than the corresponding fissnn! of the right lung. The fissure corre¬ 
sponds roughly with the medial border of the scapula when the arm is abducted 
above the level of tlie shoulder, as by placing the hand on the back of the bead, the 
inferior angle of die bone moving outwards and foivvards. Tlie saperwr lobe lies 
above and in front of this fissure, and includes the apex, \ht anterior border, a 
considerable part of the costal surface and the greater part of the medial surface of 
the lung. A small projection is aometimes present at the Lower part of the cardiac 
notch and is termed the /ingtifa of the lung. The m/erwr Me, the larger of the 
is situated below and behind the fissure, and comprises almost the whok of the base, 
a large portion of the mstal surface, and the gntater part of the posterior border. 

The right iung is dhided into three lobes, superior, middle snd inferior, by two 
fissures (fig, 1107). One of these separates the inferior from the middle and superior 
lobes, and corresponds closely with the oblique fissure in the left Jung. Its direction 
is, however, less vertical, and it cuts tlie low^cr border about 7-5 cm. behind its 
anterior extremity. On the posterior border h lies oppK^ite the spine of the fourth 
thoracic vertebra or at a slightly lower level. As it descends it crosses the bfth inter¬ 
costal space and then follows the general line of the sixth rib to the sixth casto- 
chondml Junction. A short horizontalJissur^ sirpanites the superior from the middle 
lobe. It begins in the oblique Assure near the midaxillary line, and, running 
hnrizontally forw ards, cuts the anterior border on a level with "the siemal end of the 
fourth costal cartilage ' on the mediastinal surface it may be traced back^vuids to the 
hilus. The midJU Me of the right Jung is sjmU and wedge-shaped, and includes 
a part of the costal Burfact, the lower part of the anterior border and the anterior 
part of the base of the lung. Sometunes the medial piirt of the upper lobe is partially 
separated from the rest by a fissure of variable depth w hich contains the icrminal 
part of the azy gos vein enclosed in the free margin of a mrsenterv derived from the 
mediastinal pleura- The portion of the right lung ao defined is termed the ' lobe 
of the azygos vein \ It varies in size and sometimes includes the apex of the lung. 
It is always supplied by one or more branches of the apical bronchus." Radio¬ 
graphically, a plcunil effusion may be found limited to the azygos fissure. 

Since the Diaphragm rises higher on the right side in order to accommodate the 
liver, the right Jung is shorter (by 2-5 cm.) than the left, but, owing to the projecdon 
of the bean to the left side, k U broader and its total capacity and weight are greater 
than tliosc of the left Jung. 

The roots of the lungs (figs. T103, 1104).—The root of the lung connects the 
medial surface to ihe heart and the trachea and is formed bv the structures which 
enter or emerge at the hilus. It comprises the bronchus, the pulmonao^ artery, the 
tw o pulmonary veins, the bronchial arteries and veins, the pulmonary- ptexusea of 
nerves, lymph vessels, broneliopulmonat)- lymph nodes and areolar tiaaue, all of 
which are enveloped by pleura. The roots of the lungs lie opposite the bfxijcs of the 
fifth, sixth and seventh thoracic vertebrae. That of the right lung lies behind the 
superior venii CAv^ and part of the right atrium of the heart, and bebw’ the terminal 
part of the az>gas vein. That of the left lung is below the aortic arch and in front of 
the descending thoracic aorta. follow ing relations arc common to the t^vo lung- 
roots, viz. : in front, the phrenic: nen'e, the pericardiacophrenic artery and vein, 
and the anterior pulmonary plexus; behind^ the vagus ncrt'c and posterior pul¬ 
monary plexus ; bclow^, the pulmonary ligament, 

■ Brockfc Guy't floip. 53, t^h 
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The chief structures composing the root of each lung arc arranged in a Bimikr 
manner from before backwards on both sidcs^ viz-: the upper of the Inti pulmoriar^' 
veins in front; the pulmonar)- artcr^^ in the middle; and the bronchus behind« 
with the bronchial vessels on its posterior aspect. Their arrjjigeiricni diOeis from 
above downwaids on the two sides i on ibc right side thetr postiion i&—cpartcrial 
bronchuSp pulmonary artery; hyparterial bronchus, lower pulmonaiy' vein ; but on 
the left side their position is—pulmonaiy' artery, bronchusp lower pulmonaiy' vein. 
The lower of the two pulmonaiy^ veins is situsted below the bronchus, at the lowest 
part of the hiluss (figs, 1107* 

All parts of the lungs do not move equally in respiration. The region near the 
root hardly moves at all, while the middle region of the lunga moves very slightly in 
quiet respiration. The superficial parts of the lungs expand most^ but the medi¬ 
astinal surface, the posterior border and the apical region do not move to the same 
extent owing to the leas movable structures related to them. The diaphragmatic 

Fm. t E09.—A sevtidn thdwinti ihe struciiirt: of the nduk huirmn lun^. Dnum from 
B photomkroErapb. xe jo. 


PulrnmtarY 

kt-smU 


Trrm-imft 
ifivruth isti 


and costornediastbuii regions undergo most expansion of all# (Sn ** Movements of 
Respiration p. jSS.) 

SCructuro {figs, i lOg, i r lo, 11 10 *—TOe lungs aie composed of a lermit cami, a 
subficrous aKolsT tissue, and the ptilmoaary aobstance. 

The lerom coat is ihc pulmonary pleura (rh 1325) ; it is ihiOj t™iMportni, insepar¬ 
ably connected 11 iih the Itmfr substance, anti invests ftic eniire organ nn far fw the mot. 
The tulfttffius ariFtiltiF tisme cootams a large proportion of claBtic fibres \ it investi 
die entire surface of the lung snd extends inwards between the Lobules. 

The puSmrsnary n^tanft is composed of lobules, which although closely connected 
by interlobular areolar tissue^ are quite diiuinct from one another^ and in the feetua 
may be teased apart without much difficully. ITic lobules vary in siie i theoe on the 
surface are targe and of pyramidfll form with the bases mmed cowards the suii^ce: 
those in the interior arc smaller, and of various forms. Each lobule if composed of a 
terminal bronchiole md its air-eel b, and of the mmiiicatJDiis of the pulmonary and 
bronchial vesseb, lymph vesseb* and nerve* [ ell of these stfucturef being connected 

together by areolar tissue. .. 

The bronchi divide and subdivide in the lung, hut they run m the mtenutial msuc 
and are sepamCed from the respiratory part proper of the lung by hbro-areolar tissue. 
The larger branches have an outet fibrous ccwlt containing mucous glands and irregu¬ 
larly disposed platea of hyaline caitflsge j the latter dimmish in number and m 
the smaller branches, Internal to this coat it a layer of circularly disposed smooth 
muscle fibrea (the harJfhtal mur^lt}, which is not in the form of a continuma coat m 
in the wall of the gut but b arranged as & lattice-Likc nenvork. The mucous mem- 
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branc sticnc l^pKpid msuc^ the duces of the mucous glands and nutnerom 

clastic hbres running for the main part longitudinally; it is lined by ciliated 
columnar epithelium act on a haacment membrane. aznallor btimchcs oi the 

bronchi are called btondiioles. The lermlnal bronchioLca are about p-2 mm, in 
diameter and are called rtspiratory bronrhi^tt. These form the hrst part of the leapir- 
atoty lobules of the lung and from their ti^lb project some ah'voli. The reapiramry 
bronc^ka contain no cartilage in their wails and the lining epithcUiun ia culucal and 
non-ciliaicfi. Each respinitory bronchiole divides into a number (two to eleven) of 
alvuilar ducts^ wliich ore tortoou* and branehp the temunai branches leading into o 
number of e^anded passages called uIm* each sjf these in its turn leading into 
a icrmin&l mr sm^ad^ (hg. j 1 1 o). The walls of the alveolar durtSp atria and air sBccules 
are studded with extremely thlti-woUed pulffiunaTy tiivcoti which project fmtu their 

Fig. file .—a dtagnini showing a lerminsl bmnchiolc, dividing into two ttypirmttiry 
htDiichioIeSt from one of which s terminal resplnitory btonchkde is ihown 
giving criido to three alveolar ducts, with their atria and nij- sHcculet. (After 
\\\ S. Miller). 



7 a. —TcnnqtiaJ hrsMvhi^^ A.D. I, II md Til—AEvioW dmtP. 

R.B. ^Rofpiritwv bfimcliMt- A^AtriiinL 

T,R.a^ ftapljiitnr?? timshidc. i.S. 

surfaces, and all these poa^ges arc lined by simple Rat epithelium. The alveolar duefts 
contstn some muscle in ihefr coats, most marked at the entrances to the atria, but the 
muBcular and Rbmus coats of the larger lubes are absetil from the atria and nir 
sacculi^. Elafitic hbrea, however, form a network in the waJIa of all theU passages, 
including the alveolL The alveoli are intlmiitely related by their outer surfaces to the 
pulmonary capillary plexus. There are ccmRicting opinions on the iLoture of the ele¬ 
ments thar separate rbe mt in the alveoli from the blood stream, some maintaining 
that ll^e air and blood are scpa:mCcd by both capillary endathelium and alveolar 
cpithcliunr, others that only capillar>' cndothellurn forms the bn^r (the alveolar 
epithelial cells not fortnitig a complete lining to the alveoli}^ and vet others that only 
alveolar epithelium ^aratea thern (the capdkry cEidothcUum being defieienl). The 
difficulty in histological mterpretauon may partly be due to the fact that the living 
Alveolar epithelial cells are in part extremely flattEiicd ta form thin mctiibnine-like 
Ranges on the capillary walls and these may becon'ke retracted in fixed prepsnitiotia^ 
thui leaving parts tjf the capilbry walls apparently bate. Hkiodrcmical and electron 
microscope smdiet • reveal thnt both the alveoli and the adjacent capillnHts are lined 
by a continuous layer of exceedingly thin epi lhelium (o or lew riiick), and that bc- 

• F.N. Low, i 05 J. 1^7* ^41: F* D. BcrtakTiFb ueiiI C.V P, Lebtortd^ L^Frrer, 

i^S 5 . 
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th-cse two epitbeliai kym art intefposed two bas«ni^nt membranes (each less 
than o tM thid?), svhich in pbccg are fuffcd. Many of the alvwlaT cclk stt amcMrboEd 
anJ phagocytic ; diiit partidci oihI other debris are irngkiEed and die cells migrate to 
the bronchioles, whence by cibai^ action and finatly coughing up they are expeikd. 

The respiratory bronchiole and its alveolar ducts, ama md ftir satculea^ with ihe 
alveoli lekied to themi constitute a ptilmomiry unit \ these units collecdvely form the 
respiratoiy part proper of die lung. 

During cispanpion of the lung in impiraiion^ the clastic tissue Is stretched and the 
bronchkl mu^c is relaxed ; in cxpJrationi the shortening and narrowing of the sir 
passoges are associated with recoil of the clastic hhrea and contraH-iioii of the bmnchial 
muscle. 

The ftetal lung resemblei a gland in that the alveoli have aniail lumina and arc Encd 
with cubical cpithcliumr After the first respiration the alveoli become distended 
and the epithelium takes on the cliaractera described above. 

Vessels and NcevaSi^Thc puirntm^ry eirtcry conveji^ the dec^ygenated blood to 
the lungs ; it divides into btHiache? which accompany the bronchial tubes and Uc for 
the main part on their dotso-lateral aspects, lliey cod in a dense capillary network 



independent of one atiuther. 

The ptdmfffsary ^apiitariit form plcxUKS which lie immediately beneath the lining 
epithelium, in the wsdb and septa of the alvet>ti arid of the air saccules^ In the septa 
between the alveoli die cspilkry network forms a single layer* the meshes of which are 
smaller than the vessels themselves ^ their w^oJU art also exceedingly thin- 

Fig. j] Ji.^A sectiem tluroiiah the lung of a kitten. Silver prepiiiralion. Ka50. 







ITie wfjw, two from each lung, arise from the pulmonary' copilinrica* the 

radicles coaleacii^ into larger branches which run through the lubstoncc of the lung^ 
independently of the pulmooary arteries and bronchi. After communicating freely 
Vi'iih other branches they form large v^tk, w hicb id timalcty come into rckiion with 
the arteries ^d bronchial tubes, Eind BcCompon^- them to the hilus of the lung, the 
artery usuallv being doiso-ktcral, iwd the vein vcotri-taediy, To the bronchus. 
Finally, they open into the left atrium of the heott, conveying oxygecuited blood to be 
distributed to all parts of the body by the left ventricle. 

Whereas in the region of the hifus of the lung the pulmonaiy- aftcries and vein* 
closely accompany the fuain divisions of the bronchi, when traced peripherally the 
arteries and veins af&ume different reintiimships to ihr bronchopulmonary segments 
(pp. tj31-1J24). In general the centtally placed bronchus and its bmnehes supplying 
a bronchopulintnnarv segment arc accompanied by branches of the puhnonary arteries, 
whereas the btanchts of the pulmonary veins run between bTTmchopulriKiOiu7 seg^ 
menu, su that each venous branch drains several adjacent segments end each segment 
is drained by several ^-eins. Some of the veins also lie beneath the visceral pleura, 
including that in the interlobar fissures of the lung. Thm a bnittchopulmonary seg- 
mciit of the lung is not a bronchovascular unit in tbr sense of having its individual 
bronchus, ancry' and mn. In surgical reflection of hnmchopiilmonary segment, it ii 
la be noted ihat the planes between adjacent segmeists are not avascular, but arc 
crossed by pulmonary wins and suruetimefl- by bniiiich-es of puluu^nary arteries. There 
k cunsidcnihk varifllion in the above patiem of the bronchi, arteriefl and veins, ihc 
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reins tKrinjL^ tnore \ ad&hk: than thr arteries, and lh?f arterii» UiDrc variahlc than the 
bmru^hi-* 

The brojidii^i art^T^ supply blood for the nutritii>n oF the Lung : they arc denved 
hom the desoending thoracic aorta or frorn the upper posterior (aortic) inntrcOatal 
arteries^ and, acenmpartythe brpficbiiiE tubes^ are distributed to the bronchial 
glands and upon the walk of the lar^r broTichiBl tubes end pulcTfonary vessels. Those 
supplying the bronchial tubes fono, in die muscular coatg a capillitry pleai-Mt fmni wbid) 
brandies are given piT to form a second plexus in the mucoiia coat; thia plexus com- 
municales with branches of the pulirtpuary' artery»and empties itself into the pulmonary 
^'eina. Otliera are distributed in the intedobukr areolar dssuep and end partly in the 
deep, partly in ihe superhotal, bronchia] veins. Lastly., same ramify upon the surface 
pf the beneath the pleura, whetc they fprtn a capilbty nctwoik. The bninchial 
arteries supply the vtalls of tlie air passages only as far as the respiratory^ bToncbioles. 
'I’hcy aruistutopse with branches of the pulmpnaiy^ arteries in the walls of the smaller 
bronchi and in the viscerut pleura. In addiiidn to the main bronchial arteries, 
smaller branches arise frocn the descending thoracic aorta; one of these may pass 
in the pulmpnary ligament and cause bleeding during surgical removal oF the 
lower lobe. 

The trcijchial vrmt Forni o distinct systems.t The deep bronchial veins com¬ 
mence as m network in the iiiErapulmonsry bronchioies and cammunic^tc Freely with 
the pulrnonar^i^ veins ; they eventually join to form a single uruiik which ends in a 
muin pubiionBiy vein nr iii the left atrium. The ftLiperhcial bronchial veins drain the 
extrapulmpnnr>‘ bronchi, the visceral pleura and the hilar lymph nodes ; they also 
communicate with the pubnortary vdng suid end^ an the right aide in the astygoS vein* 
and un the left in the lefc superior intercostal vein or the acccSiMaryheiniszyHOS veuii 
llic branchial veins do not receive all the blood conveyed lo the lungs by the bronchJttl 
arteries as some piuses inEo the pulmonary veins, llic main bronchial arteries and 
veins lie on the dorsal surface of the extrapulmonary bronchi. 

The i^^ph tmitls of the lungs are described on p. 

S*rLts .—^Thc lungs arc supplied ftam the anterior and posterior pulmonary 
plexuites, formed chJcBy by hranrhes from the grympsthclic and vagua^ The Blomcnti 
from these plexuses accompany the bronchia] tuba^ supplying efferent fibres to the 
btonchisl muscle and alfcttnt fibres id the bronchial mucous membrane and to the 
alveoli of the lung. Stnall ganglia are found upon these nerves. It i$ generally 
believed that the branchotonstrictajs are supplied by the vagus (p, tai6). 

Radiology (Pis. L XIX).—^The trachea^ because of its contained aitp is more 
CBilio^translucent than the neigbbounng tissues and is therefore seen in laters] and 
anteroposterior radJographs of neck and upper thorax as a dark area in negatives 
(or os a light area in positive pnnts ^ PI. 1 ). For the same reason the lungs appear as 
dark areas m the chest on either side of tbc central mediasdnal opacity ; lung areas 
are darker at the end of iospi radon and in a diseased condition in which the alveoli are 
permanently d wttnded (cimphysema), while they are more opaque in conditions which 
reduce the amount of air in them (e.g, pfieumofiia), The dark lung areas arc not 
homogeneous but have vupenmpctfed on them the white shadows of the pulmonary 
blood-vessels extending from the hilus of the lung md branchiiig into the lung aieas^ 
(PI. XIX). These i%hitc branching shadows are aometirnes misiaken for bnanehi+ 
but the latter (because of tbelr contained air) obviously appear as da rke r a rcas- Where 
B blood-vessel is seen end-on, it appears as a homogeneous white circle ( PI. K I X) ; 
where a bronchus ia seen end-on ^ k appears aa s dark drde luirounded by a white line 
(the latter representing the wall of the bronchus). Lymph ninlea at the hilu* of the 
lujngs„ if enlarged or caldfied, appear as mottled areas near the mediaatirium. The 
shape of the lumen of the bronchi and hmnehioks con be rendered plainly visible by 
injecting hpiodol (a redio-opaque iodised oil) through the trachea. An e^alon of 
fluid imp the pleural cavity nppeors as an opacity in chest radiographs. 


THE DIGESTIVE SYSTEM 

I'hc digestive ^ystem compriseti all the ore^ which am concemed in the 
trituration, deglutition and digestion of food ana in the eliminatton from the body 
of the unobsorbed and utiabsorbablc constituents. It consists of the digestive tube 
and certain accessory^ ar^ns. 

■ For detaih ctin»u1t ihe folk*wing. E, A. EJoyden, Analtmtv iht lunsi : A 

Stu^v 6f ihf Sefwwtildii Bf^fnch ^md Vtu^h h]aki!*lon 

N>w Vufk : and c/tAr UM*h ^5. ^-57 S . 4 . B. Appleion'1044, IJ* 

502 J and J. AmH., 1 tmS. 79i 'i7 

t P* MuchanJ, L C. Gilray and V., f h Wilson, 7’j&flr4H:^ 5, aoy-aai, 1950, 
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The digestive tube (alimcnwn’ cunal), about 9 metres long (mv p, 

14*3), extends fmm the mouth To the anus, and ie lined si most th niughom by 
tfiucoijstritTiTbrsitc. It cdtisists ol the foLlotving parts \ it conimcnccs at the 
%vhere pn>%-i»ion is made far the mechanical division of the food [imistinttivn], and 
for its admixture with a Huid swrated by til* salirary glands [iiutf/jttf/toTf ]', it U 
conveyed by the organs of deglutition, termed the pkun/tx and the nrtapfmgtu, into 
the iltmach, where the first stages of the digestive process take place : from the 
stomach it is passed into the tmuH itiieititte, where the process of digestion is con¬ 
tinued and many of the resulting pruducis are absorbed into tlie blood - and lymph- 
vessels. Finally the small intestine ends in the hrgr intertinf, w liicfi reaches the 

surface of the bndv at the tiHUf. i r j * l 

The accessory organs are the tetth, which break up and tnturate the food in the 
p rocess of masticaQon ; the three pairs of saltvary gtandi —the parotid, tubmandibutar 
and the secretion from which mbtes with tiie food b the mouth | the 

Aw and the pattertas, two large glands in tlie abdomen, the secretions of which take 
part in the process of digestion. In addition, it is convenient to destrlbe the 
periloaeum —a serous membrane which lines the abdominal and pelvic cavities aod 
invests the aWominal and pelvic visceta=in the same section with the abdominal 
part of the alimentary canal. 

The Mount Cavity [Cavum oris] 

The cavity of the mouth consists of an outer, smaher portion, termed the 
vestibule, and an inner, larger part, termed the mouth cavity proper. 

The vttfibule of //«■ moulk is a slitdlke apace, bounded ejctertially by the bps and 
cheeks; internally, by the gums and teeth (fig. in*), ft communicates with the 
esterior bv the oraijuiuftt Above and below, it is limited by the reflection of the 
mucous membrane from the lips and cheeks to the gums. When the jaws are d^ed 
it communicats with the mouth cavity proper by an aperture behind the wiMom 
leeth on each side, and by narrow clefts between opposing teeth. On the inner 
surface of the cheek, opposite the crown of the second upper molar tooth, a small 
papilla marks the opening of the duct of the parotid salivary gland. ^ 

The mouth cavity proper (figs. 1144.1145) is bounded laterally and in front by the 
alveolar arches, the teeth arid the gums j behind, it coenmunicates with the pharynx 
by a constricted aperture termed the oropharyttgeol fsthtmu (isthmus of the fauces *). 
Its roof consists of the hard palate and soft palate, while the greater part of the floor 
is formed by the anterior two-thirds of the tongue, the remainder by the reflection 
of the mucous membrane from the sides and under surface of the tongue to the gum 
on the inner surface of the mandible. In the median plane a crescentic fold of 
mucous membrane, named the frenulum connects the under surface of the 

anterior part of the longue to the floor of the mouth. On each side of the lower end 
of the frenulum there is a small elevation, termed the tublingualpapilla, which bears 
on its surface the orifice of the duct of the submandibular saJiviry gland. From this 
papilla a ridge extends laterally and backwards in the mucous membrane of the floor 
of llie mouth ; it is produced by the underlying sublingual salivary gland and is 
termed the niblingiud fold. The minute openings of the ducts of this gland are 
situated on the ei^ of the fold. 

The murons membrane lioing the mouth ia continuous with the skin at the free 
tiuigins of the lips, and with the mucous lining of the pharynx at the oropharyngeal 
isdunus; it is of S rose pink tinge during life, and is very thick where it overlies the 
hard parts bounding the cavity. It is covered with stmiilwd squamous cpjthciiuin, the 
superficial layers of which, unlike those of the skin, do not become comified under 

normal conditions- , , dl> 

The lymph eeurh of the mouth ate desenbed on p. 889. 

The lips are tw'o fleshy folds which surround the orifice of the mouth. They sire 
formed externally of skin and intirnmlly of mucous membrane, and these two taycTs 
enclose the Orbicularis oris muscle, the labial vessels, some nerves, areolar tisage, 
and numerous small labial salivary glands. The junction of the upper with the 

• These two leimj irt not Ouitc ir^tionymaus, St the oiophin-ngesl isUimui is reitrirtcd 
Ir the interval between the iMTstoKbsssI srchea, whetew (he Bihmua cd rtie fauefis i» the 
irpon of the oial pan of the pharynx brnimled on oithcr *ide by the tnanjiular iniervsl 
helween the palatoclotsal and pnlatophaiyngeal arches- 
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lower lip {thf oralfisturf) lies oppog.[ta the cutting edges qf the upper incisor tcctli 
and forms, on each side, the t^ial txmmiiturc, which tKunds the attgk of tht mmth ; 
the latter ustwlly lies juai in from of the first pnnnDlar tooth. The middic part of the 
outer surface of the upper lip ts mArJtcd by u shallow ttinical groove named the 
pAi/rruw \ it ends below in a slight prominence and is limited on each aide by a 
ridge, 'rhe inner surface of each lip is connected in the median plane to the corre- 


Fio, I IIS.— A median HBcitt^E lectiiati thraugh the hmtd ind. 
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Tlie are sit^ted bc^ een the muenus mcmbnuic and the Orbicularis 

ons, round the orifice of the mouth. They are about tlie size of small peas and in 

SIS dTvSlS!™^ " Th^irEs open 

r contmuou* in 

Front mth the Img the junction being indicated catemallv on each side bv a Eroove, 
termed the nnsofabtal grtwv. wluch runs downwards and laicrallv from the aide of 
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the nose to the angle of the mouth. The cheeks are c:Dm[^^ of a muscnilar 
Atnimm, and a br^c quantity of fait together with areolar tissue, vesaela, uerves 
and buccal glands, covered with, skiit^ extcmally^ and with niucous mcmbraiatp 
internally. 


The fflfinmr tfifrithFaue lining the cheek is tefictted above and below on to the oun^ 
vurfscea of the niaxilla and itiandiblc* v-diencc it is coTitinued on to the gum* # it is 
continuDua behind with ihe mucous rnembntnt of the soft palate. Opposite the 
crown of the second upper tnolax tPOtb there ia a ittnall papilla, on the surnmit of 
which the parotid duet opens. The prineip^al muscle of the ehcek ii the Buccinator; 
but othcR (niter into iti formation, via. the Zy^ntnancus m^or, Risodus and 
Platystna 


FlC. 1113.—A «?c:liorv nemst a tooth and the ud^iiung part of tile 'The 

mitfnel hat been decsIdhwJ joid removed, leaviaK a ^pnee bf:m«n ihe dejiurie 
■nd the ihin layer of strmiificd epithelium of the covering rhhi- 


CflUfcltHWt 


The Wru/ ^landi are small mucous gJands placed between the mucotis membrane 
and the OuccmalDf mvu^de. Four or EvCp larger than the rwt, and placed outside the 
BucqinalDT muscles around the lermiiml part of the pamtid duct^ arc called moior 
glamii ; their duets open in the mouth opposite the lass molar tooth by piercmg the 

^^^Thc iymfih of the cheeks and lipi arc described on p, fiSH, 

The fninu (gingi^'®) (fig- * composed of dense, fibrous tissue which is 

imiijovablv connected to the periosteum on the edges of the dvmlar pnxes^ of the 
mandible md nwixill*. and covered with vascular mucous membrane. At the ne^ 
of the teeth the fibrous tissue of the guim U continuous with the penos^m lining 
the alveoli. In voung people the stratified squaroous epithelium of the gums la 
attached to the surface of the enamel of the teeth, but as age advances the gums 
recede from the enamel and in old age they are attached to the cemmL ^Ncar the 
teeth the mucous membrane of the gum* is thrown into tall papilhe, but rt be^ma 
smooth where the gum* arc attached to the enameL A few mneous glands and 
some ‘ elands of Serves ’ fo. ijfiS) are usuaUy present. The nerves supplj^ng the 
upper Lm are derived from the mamillary nerve through its ante nor mlal me and 
anterior, middle and posterior superior alveolar branchrt. Im mmdtbulaT nerve 
innervates the lower gum by its inferior alvc^kr, lingual and buccol branches, the 
k-it two supplvmg the corresponding surfaces of the gum. The vessels for the main 
pan atcompW the ncn«. The lymphatics of the upper gum pass to the submandi- 
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bukr nnHies; Xho^ front the nicdiil p:irt of ihc lower gum pass lu the submcnE^I 
nodes, while Tlinse from tis rnkrml part emer ilie submandibular nodes. 

The palate forma the roof of ihc mouih : it consists of two portions—tlie hard 
palale in front, the soft palate behind. 

The bard palate (hg. 1127) is formed hy the palatine processes of ttie maxUlte 
and the horizontal pktea of the palatine bonrs; it is bounded in fronk and at t?it 
sides by the alveolar arches and gums; behind^ it h continuous with the soft palate^ 
It is covered with a dense tissue^ formed by the periosteum and mucous membrane, 
which are intimaiely connected. It presents a medionH iinear raphe, which ends 
onierjorly in a small papilla underlying the indsis^e fossa. On eacli side of the raphe 
the mucous membrane of the front part in thick, pale in coIouTh and comigaied ; 
behind, it is thm» smooth, and of a redder colour; it is covered with stratiOed 
squamous epithelium, and furnished in its posterior half with numerous palatine 
mucous glands^ which he between the mucous membrane and the periosteum. The 
upper surface of the bard palate forma part of the floor of the nasal cavity and is 
largely lined by ciliated epithelium. 

The soft palate jiiz) is a movable fold, suspended from die posterior 
border of the turd p^ate, and extending backwards and downwards between the 
oral and nasal parts of the phaiym. It consists of a fold of mucous membrane 
enclosing an apoucurnsis, muscular fibres, vessels, nerves, lymphoid tissue aiad 
mucous glands. When occupying its usual position (i,e. relaxed and pendent) its 
anterior surface is concave, and marked by a median raplie. Its posterior surface is 
eoiivex, and contmuous vrith the floor of tlie nasal caWtv. Its superior border is 
attached to the posterior margin of the hard palate, and its sides arc blended with 
the pharynx^ Its inferior border ia free- The lower portion of the soft palate hangs 
like a curtain between the mouth and the pharym. 

A small conical process, termed: the tivulaj hangs from the middle of its losver 
iKjrder; and two cnrv'ed folds of mucous membrane, containing muscular fibres, 
extend laterally and downwards from each side of the base of the uvula (fig. 1145)* 
The anterior of the two contains the Palatoglossus musde and is named the paiato- 
arch. Below, it reaches the side of the tongue at the junction of the oral and 
pluiry ngtal portions and it forms the lateral boundary of the oTopharyngeal isthmuB. 
'Flic posterior fold, which is termed the palatoph^Ttgra! arch, descends on the 
lateral wall of the oral part of the pharynx and ts described on p* 1382. 

The nimsbran^ 0/ ihc loft pjfitatt is thin, and covered wfth stratified squamous 

cpiiheliuin excepfin^f the anteridt part of its auperior surface W near the phar^ nweal 
orifice of jBe audJtofy cube, where \i is columnar and ciliated fespiratoiy 
epithelium )* like that of the nasal c^nvftics with ivhich it is continuous. Beneath the 
mucous membrane on both surfaces there are numerous paLatine mucoua gjnnda : 
they arc tnwl abundant on the oral surface and round the uvuln. 

VesseLs and Nerves,—The arteries supplying ihc palate arc the greater palatine 
branch of the maxillary anery, the ascending paladiic branch of the facial arterirV and 
ihe palatine hnmeb of the ascending pharyngeal nrtcry. The r-rinr end ebitflv in the 
ptcrj'goid imd tonsillar plexuses, llic hmpii vetscU pass to thi? deep cctvicaif Ivmpli 
nodes. Tlvc trmrfr^' Hrnvr ^rc derived frrrm the anterior palatine and the middk and 
posterior palatine (ihe latter two nerv'es containing tasie fibres from the kinder surface 
of the soft paldteh the nosopaEadne and glossophnryngcal riervcs- 

The palatine aponcitrosls,—A thin, firm, fibrous lo-mcIhL, termed the p^ihiiirtc 
which supports the muscles and givs strength tt> the soft palate^ is 
attached to the posterior border of the hard palate and to the under surface of the 
hard palate behind the palatine crest. It is thick in the anterior two^thirds of ihc 
soft palate, but very tliin and difhcult to define farther back. The aponeuTtKis is 
actuflily the expanded tendon of the Tensor veil palatini and, near the middle line, it 
splits to cudose the Muscuhis u\ui 1 k. To it, all the other muscles t>f the soft palate 
arc attached. The anterior part of the soft palate comains very feW' muscle fibres 
and consiata mainly^ of palatine aponeurosisr below which arc a large ntimber of 
mucous glands ; it ia less movable and more horizontal than the posterior part and 
it is upisn this part that the Tensor vcli palaiini principally acts, 

^fbe muscles of the palate (fig. 1 114) ojre : 

Levator vcli polariiii. Pafatc^lossus, 

Tensor vdi palatini, Palatopbaryngeus. 

.Musculus tivulx. 


TilE MUSCLES OF THE EW.ATE ij47 

The Levator veil palatini 11 Hr < iS4t t I5S) ^ ^ roynded ifiujselc situsiCcd 
on the kteral side of tht pdstciior aptrturu* It arises • (tf) by a ^mall tendon 
from a n>u|^h area on ihu under nnrfacc of the petrous part of the temporfll bonc^ 
immediately in front of the bwor opening of the qiLruiJd caiml; (fr) by fleshy fibrra 
from 3 sheet of fascia which descends from the vagiitsL process of the tympanic 
part of the temporal bone to fom the upper part of the c^tid shfiath ; and U) Ity 
3 few flnshy librea from the inferior surface of the curtilaginous part of the auditory 
tube. At its origin, the muscle lies below (not medial to) the auditory tube and 







Irfift e/ hr^n^ 


Fso. *114.—*rhie muscio of the paUt?. Erpoeed freoi behind. 


procw 

—- Acra/{>r 1^1 
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MaJpin^p^aryfi^fiu 

Mtmuin* Knthi 


only crosses to the medial aide of the tube at ilic level of the medial pteryjjoid 
laminn. After passing within the upper concave rnai|[ifi of the Superior coitsitictor 
and in from of the Saipingopharyngeus^ it spreads out in the soft palate between the 
two Strands of die Muscu lirs paktopha^^ngeus, its Abies being inserted into w 
upper surface of the palatine aponeurosis far as the median plane, where they 
blend with those of the opposite muscle. 

Action. —The l-cvTitor veil palatini elevates the soft palate. 

The Tensor veil pftUtini (fij^. ti 14, ! 149, IISJ) ^ ^ thin, triangular muscle, 
which lies laicral to the medial pterygoid plate, the auditory tube and Im 
vcii palatini. Its kleraJ surface i& in contact with the upper and antenor pan of 
the Medial pteiygoid muscle* the rnandibular and chorda lympani nerves, the otic 
ganglion and the middle meningeal artery. It arises from the scaphoid fossa of the 
pteft'goid process, the lateral lamina of the cartilage of the auditory tube and the 
media] aspect of the spine of the sphenoid bone. As h dneends, Lte fibres converge 

• R. F. Bohan and I.. Tomer, J. tond., 1956, 90,1 jj. 
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to form a dcliiate tendon which turm medially round the ptcr>gold fmmulua, pasacs 
through the origin of the Bnednator musdc, and h inaerted into the p^tine 
Aponeuroais and into the surface behind the palatine crest on the horiMiUal 
plate of the palatine bone. Between the tendon and the pterygoid hamdua them 
is a ftnali buisa. 

Actions.—Acting aingly the I'enaor ’^cli palatini pulls the soft palate to one 
5idc ^ pciirig logeUier the two musics tighten the soft palate (princtpally its anterior 
part) and depress it by flattening out its arch, t - ^ 

The Musculns uvuhe arises from the posterior nasal spine of the paktme bones 
and from the palatine aponeurosis, between the two laminas of which tlie Cwq uvular 
muscles lie ; it descends to be inserted into tiie mucous membrane of the uvula. 
Action.—Tlic Musculus uvula; pulL up the uvula on its ovvn side. 

The Palatoglossus is a emalh fleshy fasdculus, Darrower in the middle than at 
the ends, forming, with the mucous membnme covering its surface, the palato¬ 
glossal arch. It arises from the under surface of the paktiac aponeurosis, where it is 
coniinuoua with the muscle of the opposite side* and passing downwards, fonvur^ 
and laterally in front of tlie tonsil, is inserted mio the side of the tongue^ some of its 
fibres spreading over the dorsum of the tongue, and others passing deeply into iw 
substance to intermingle and blend with the Transversus lingua. 

Actions.—The P^toglossus pulls up the root of the tongue and approximates 
the palatoglossal arch to the median plane. Both muscles acting together dose off 
the mouth cavity from the oral part of the pharytLt, 

The Palatopbaryngeus (figs. it55) forms, with the mucous membrane 

covering its surface, the palatophary ngeal arch. In the palate it consial^ of two 
Strands, which are separated bv the Levator veil palatinL The postmor stmnd k in 
contact with the mucems membrane covering the poBierior surface of the palate ; it 
joins with the posterior strand of the opposite musde in the mcdLan plane. The 
mirnor strand, the (hickert passes betwxtn the T_-cvutor and the Tensor veil palatini 
muscles. It arises from the posterior border of the hard palate and froin the 
palatine aponeurosis, while some of its fibres join in the median plane with the 
corresponding strand of the opporite musde. Both strands arc attached tu the upper 
surface of the palatine aponeurosis and lie in the same plane in the soft palate. At 
the posterolateral border of the palate the two layers of the muscle unite and arc 
joined by the fibres of the SalpLngopharyngfrua muscle (p. 131/0). Passing laterally 
a^nd downwards behind the tonsil^ the Paktopharyngcus descends posteromedial to, 
and in close contact with^ the Stylophaiyugeus, and is inserted with it into the 
posterior border of the thyroid cartilage, some of ita fibres ending on the side of the 
pharynx by being attached to the plmyngeal fibrous coat, and others passing across 
the median plane posteriorly* to decussate with those of the opposite mtisde+ The 
Paktopharviigeus really forms an internal longitudinal muscular coat for the pharynx^ 

Action's.—The Palatopharymgcus pulls the walk of the pharymx^ on ill own aide* 
upwards* forwards and medially, and so shortens the pharynx during the act of 
swallowing. Acting together the two musdes approximate the palatopharyngeal 
arches and draw them forwards. 

NerV'Mupply.-AVith the exception of the 'Fenflor vclL paktini, which is 
inncrv'atcd by the inandibtikr nerve (p. 1 ioS)» all the muscles of the soft palate arc 
supplied by die cranial part of the accessory nerve through the pharyngeal plexus. 

'Fhc fnitsclca in the soft pakle lie in the following relation to each other : the 
palaline aponeurosis (tendon of Tensor veil palatini) frums a central sheci, endosing 
the Uvukr muscles near die median pbinc; the l^v^tur veli paktini and Paktu- 
phan*ngcu& are inflefted into- its upper surface, the two atratids of the latter muscle 
king iri the same plane^ respect ivcly in front of and behind the Levator veil paktini; 
the Palatoglossus k bsened into the under surface of the aponeurosis. (For 
description of the palatopharvugeal sphincter, s^e p. 

The jni?rewil^f 0/ $cfi paliiJc are described on p. 1390. 

Appii^ii Anatoifiy -—The occurrence of a coogcfijtid ckfl in the palate has been 
already referred to atf a defeet in devdopment (p. 115). Paralysk of the soft pokte 
may occur after diphtheria due to the action of the toxin on ihc nerve centres In the 
medulla. It give* rise to a change in the voice* whkh becomes nasal, and to the 
regurgitation of fluids into the noae when sw-aJlowing ia attempted. On inspection, 
die pdale h seen to haftR flaccid nnd motionless wrhen pbonation or dcglutirion w 
atlcitipted ; it ft also aiucslhctic. 
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The Salivary Glands (6g. tii8} 

The snUvaiy gbuck compriae three large paired gUnda—the parotid, sub- 
maDdibiilar and sublingual gLmda—^tl^e anterior bngual glands and numerous small 
glands in the mucous membrane of the tongue (p. 13S0J, and numerous small labial, 


Fia» l£is-—The right p^irotid (gland. Pcwtercnncdiiil s^pecL 
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buccal and palatal glands (pp. 1543, 1344, 1346] Jn relation to the mucous mem¬ 
brane of the lipd^ cheel; ana roof of the mouth, resipeetive!^. 
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The parotid gtand (figa. 1115, (116) te the largest and has an average weight of 
about 25 gm. It forms an irre^ar, lobtilated, yellowish mass, lying IkIow the 
external acoustic meatus, between the mandible and the f^temocleidomaAtoid; it 
preyertB forwards on to the surface of tlic Masseter, whetu a small part of it, usually 
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more or Jess d^rtached^ lies betvi^sen die 5 !)'gomiitic arch above and the parotid duct 
below j this detached portion h juuned the accessory pari of the gland. 

'Vhe ginnd is endowed within a capsule derived the deep cetvical fascia t 
the part covering the superficial surface of the gland is dense, closely adherent to 
the gland, and attached to the z^’gDinatic arch ^ tlie deep part of the capsule ia 
attached to the styloid process, mandible and rt^mpanic plate* and blends with the 
fibrous sheaths of the muscles related to the gland ; a pordon of the fascia attadied 
to the Bt)'loid process and the angle of the mandible^ is thidEcned to form the stylo¬ 
mandibular ligament, which intervenes between the parotid and submandibular 
glands. 


111 7- —A drawing of a diueetian to kIhow tbe priocipBl deep rvlatiana 
of the parotid Rbrnd. 
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Xoit .—-The outline of tbe parotid gldticJ ii iiidacated by the ijiterruiited blitck lirif^ 


The parotid gland may be described as roughly pyramidal in shape ; it presents 
a uitab, superior surface* and supedicialt antefomedial and postemmedid surfsicesp 
The lower part of the gland tapers to a blunt extranity* 

The superior rurfnee ia concave and ia related to the external aeoiiiitic tifu^ius, and 
to f he posterior surface of the letnporcKmandibular joint; here the auricubiempoml 
nenc winds rounds the fiech of the mandibk, imbedded in the gland or In the 
capsule of the gknd. 

The forcer extremity gf the gland overlaps the posterior belly of the Digastric 
«nd the carodd triangle to a \iiriab!e extent. 

The supcfficiai turf ace is covered with the Ekui^ and the superfidat fascia, which 
contains the facial branches of the great auricular nerve, the superb cial parodd lymph 
nodes (p. 886) and the posterior border of the Platj-sma. It extends upwards to the 
aygumatic: arch, backwards io overlap aJighily the anterior border of the Stetno- 
cieidotnasioidk downwards to iis apex behind and bebw the angle of the mandible 






THE PAROTID G]^ND 


ftnd foAvards acrt>3S the superikiul siirtacu of the Masacier bcitiw the parotid duct 

(%, ut7). 

The untfTomfdtai surface is grooved by the posteriDr border of the ran^m of the 
maodibSe, It covens tlie pcustero-inferior port of the Massetcr, the lateral aspect of 
the ttrnporomandibular joint and the adjoining part of the ntandibiilBr ramus, and 
passes kinvards on the deep aspect of the riimits to reach the Medial pterygoid 
muscle. The hnmehes of the facial ncA'c cfiiergc on the face from under cover 
of the anterior margin of this surface. 

The pos^erfimeJiiit nfr/acr is moulded on the mastoid process and the Sterno- 
cleidomaBtoid^ and on the pf>strtior belly of the DigaEtric^ the styloid process nod 
the styloid group of muscles. The c^icmal cam!id artery' gnK>ves this fFurfacc 


FlOh 11 disacertian showinj{ fhe nliviir>' nLandi qf tbe Icfi tide. 
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before it enters the substance of the gland. The internal carotid artery and iniemal 
jugular veins are separated from the gland by the sty bid prnce® and the styloid 
muscles (fign lU"). The anteromedial and postemmedial surfaces med along a 
medial margin which may project sa deeply as to be in ooniact i^-jth the side wall of 
the pharynx. 

^truclum tsiiMn ihe gt^and .—The exicmal carotid artery' pierces the postero¬ 
medial surface of the parodd glands and divided into its terminal branchea within 
its substance. One of these branches—the maxillary arteiy—leaves the antero¬ 
medial surface of the glands and mas forwards deep to die neck of the mandible, 
while the other—the supeiiidal temporal artery'—gives off its transverse facial 
branchp and then ascends to appear at the upper limit of the gland (hg. 1 1 t 6)^ The 
posterior auricular artery may arise from the external carotid artery within the 
glands and it then Ikivcs the latter on it* posteromedial surface. TTic rctro- 
mandibutar vein (p. S39), formed in the upper part of the gland by the union of the 
maxillary and superficial icmporaJ veins, which enter the gland at the point of exit 
of the evjrrcspanduig arteries, lies superficial to the iutraglandular part of the 
external carotid artery- ft ctncrges from fhc gland behind its ktferior extremity 
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joirts tlK; posicrior anncylar vein to form iht i:xtL^n\il jugular vein ; before it 
leaved I he gkriii ii gives o±T a toiXLmunieating branch which feavea the gland in front 
of its lower uxtrenuiy and joins the laeiui vein. On a still mcire siipedicial piano 
the facial ner^o tRiven>es the gland. It ciitcni the upper part of the postcroinediel 
surface (Ijg. 1115), and passes forwards and downwards behind the posterior border 
of the tamufl of the niandihlc in tw^o tnain divisiona from which its tcnninal branches 
arise. These leave the amtrontedial surface of the gland above, in front, and below, 
and pass to iheir destinatiuna from under cover of its anlcrior margin, 

Developmrnully the gland arises as an outgrowth frorn the buccal cavitj^ 
(p. iBz) and extends backwards towards the ear. As it docs so k covers the facial 
neivc, but from its deep surface prolongations of the gland penetrate between tlic 
brandies of the n^rve in an irregular manner and rorastitute its deep portion. The 
largest of these is found hetween its tnain temporal and cervical divtaions.* These 
ouigrowilis wrap themselves round the nerve and its branches w^hich become burled 
in its substance. On accoimE of this arrangement the gland may be considered to 
comprise siipcrBcio] and deep portions, sometimes inaccurately termed Jobe*. 

The parotid duct (Jig, tri^) is about 5 cm. long. Et begins by tfie confluence 
of t wo main branches within the anterior part of the gland (sts p. ^357), crosses the 
Masseter, and at the anterior border of thi* musek turns inwards nearly at a fight 
angle, passed through the corpus adiposum of the clieek (suctorial pad in the Infani] 
and pierces ihc Buccinator; it then runs for a short distance obliquely forward* 
between the Buccinator and mucous membrane ef the mouthi and open* upon a 
small papilla on the oral surface of the chctlc opposite the crown of the second upper 
malar tooth. While crossing the Masseter it receives the duct of the accessory 
portion 1 in this pooitian it lies betw'cen the upper and lower bitccol branches of the 
facial nctve x the accessory part of the gland and the transverse faciaj artery are 
above it. The buccal branch of the mandibular nen^ep as it emerges from beneath 
the Temporalis and Masseicr, lies just Itelow the duct at the anterior border of the 
Massctcr. The duct can be fcit in the living (on the face, or more easily in the 
vestibule of the mouth) a* it dips inwards at the anterior border of the Masseter, bv 
pressing the index finger ht^cktvoFds on this border of the muscle (with the teeth 
clenched to make the muscle tense) and moving the Unger up and down across 
the line of the duct 

Svrfern ^jiofyjHy.^The anterior border of the parolid gLand can be reptcMUtcd 
by a line passing downwards and forwards from the upper border of the mandibular 
eotidyk m a point just above the middle of the Masseter muscle and then downwarda 
and backw'srds ro a point about 2 cm, below and behind the angle of the nmndible. 
Ui upper border, concave upwaidt uid backward!, cturcaponds 10 a curved line 
drawTi from the upper border of the mandibular condyle, ucru^ the lobule of the 
auridep to the maatciid process. The pcisterior border corresponds 10 a straight line 
joining the ends of ihe anterior and upper borders. The porufid duct corresponds to 
abwit the middle third of a line drawn fmm the lower border of the tragus to a point 
midvi^iiy bctv^erfi ihe eda of the noae imd the red marKin of ihc upper lip, 

Slnicluce.—Tlw wall of the parotid duct ia of considerable ihickficits, and consists 
of a thick crteaiil fibrous coat which contains unstriped muscular fibres, and an iniemai 
mucous coat which tt lined w ith short columnar epithelium. It# canal i# about 3 mm. 
in dinnwter, but at its uriltce on the oral surface of the cheek its lumen is greatlv 
reduced in sire. 


Vessels and Nerves.—I'Ko urf*ri« supplying the parotid gland are derived from 
the external carotid ortefy, and fram the bmndves given off fay that vessel in or near 
the gland. iTic tnWj empty themselves into the external Jugular vein, dirough some of 
m mbwtflriea. The lymph iwwjj end tn the superJrdal and deep cervical bTnph 
nodes* passing in ibcir course through two or three lymph nndcs on the auTface and 
in the aufasiatiee of the parotid gland. The Jimn are derived from the auriciilo- 
tenipunii nerve and (rom the plexus of the sympethetic on tJiE external catotid artery. 
It is probable that the bmneh ftom the AuriculotcmporBl nerve la the aecretomotor 
nerve of tlic gland and ihnt it is derived from the tympanic branch Cif the glosso- 
phfliyngcal nerte through the otic ganglion ; at all e^-ents, this lias been proved experi¬ 
mentally lt> be the CMC In iomc of t)ic lower mammalit. 


The xubmandibuiar gland (fig. n iSJ is imgukr in form and about the size of 

*}. MoKerUjie, T, Anut., - S2, tSj ; H, Unilcy. Hnt. 1047, L 40J : 

L- Jr McConoack, h. W . Cauldwcll and B, j . Artionn Gyafc^ Obitu^ J 04 S. 80, tjq. 


PLATE XXm 



_ Fig. t.—RadifiijETnph of the purotid duct and it* tributarin, after the 
u>jccfkia ef Zimqcbl thxQugh the oriJtce of the duct. (Suleitrttm : Mr. 
P. R. AIUapil) (Reprodticed bv permiutott ef the author end of ihe 
Propdetora pf the Bridth hftdicai Jbto-jn}/.) 

Ftdi d&mfitim tm p. i2S7~ 



FiPy n. —Redie^nph of the aubmandibuhir duct and it* tribuuiin after 
the injection of lipiodol ihrouvh the oriHce of the duef. (Sialojmin: 
Mr. P. R. Alluottr) (Reproduced hy pemiiiaioxi of the author and of the 
Pitipnciora of the Britith M^cat JottmaL) 

F«!I dfitriptton m p. 1357. 






PLATE XXIV 

Floor oj 



Firil ptrmntmint inoUir 

Fits, t .—RictioRnph of the jtw» df wn inDuit^ i> manthf old. 
(Smurytiofi BTid Rankin'* a/ SJ^ujgnma.) 

Oniy <pT.vfT cojitnil iiu:iBor hat erupted : the roeti of tkc 
np*t lowrr milk mokr are just bcBinrunit to form : the cr^n 
of the hnt lower pertmtiEnt mtar face* inw-ards. 



A'oW Hi/i mo^ i'lMt pmrutnai molar 

Kic. 2.-Radi2ffiipb c.r ilic i«tli of i bay, 1^ s y^tn 

(Symincion and Kinktn'ft AiLu of Skwgriffnf.) ^ ^ 

En em 1041 ^ the kcezaf milk iiKisof and the fvnl mill 
moloi b™ loll, htii all the miflt teeth are pre«tii ir 

the mandible. No abtoiption of ihe nwia of the mitk iced 
h» yet oceunrd^ No pcrmuicnt twth have yei empfod. 
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a walnut. It coniiEts of a larger supcdicml part and a snmllcr deep part, whidi arc 
ountinuoua with each Other around tlie posicrior border of the Myfahvoid. 

The zupfTjjcial part of tlie i^ubmandibular gland is siituated in the digafitric 
mangle, reaching fonvarda to the anterior belly of the DigMtrie and hacbvard^ to 
the styloniaddibLilar Itgament, which lEiten^ene^ between the «ubinandibdar and 
paro tid glands. Abo^ie* 1 1 extenda u nder cover of the body 0 f the mandi hie ; hclow', 
it usually overlap? the intetmediate tendon of the Digastric and the insertion of the 
Stylohv'oid. It ha& three surfaced, an inferior, a lateral and a medial, and hi partiaUy 
endo^d between two layers of the deep cervical fascia which extend from the 
greater cornu of the hyoid bone, one bycr passing to the lower border of the 
mandible and covering the inferior surface of the gland^ the other p^Uag to the 
mylohyoid line on the medial surface of the mandible and coveriDg die medial 
surface of the glands 

The injmor lurfair of the gland h covered by the skin, Piatyiima, and deep fasda. 


Fig. 1 j jij*—A w(ion through the parolid ftiained wiiK bn-mitiiEyEin 

iLcstl - I Coni|f»rc with 11 li. 



It is cn>S5Mrd hy the facial vein, and by ihc ecmcal branch of the facial nerve ; neat 
the mandible the submandibular lymph nodes are in contact with it and a few may 
aaually In; embedded in k (p. 8K7), 

The Marat jwr/iKff is in relatbn the ^uhmandibukr foSM on the inner 
surface of the body of the mandible, and with the insertion of the Medial pterygoid 
muscle. The facial artery is embedded in a groove in the posteriEU imd superior 
part of the gland, lying at first deep to die gbnd and then emerging between the 
lateral surface of tlic gland and the msertion of the ATcdial plcrygoiii to reach the 
lower border of the mandible. 

’llie sifrfair ia rekted, in front, to the Mylohyoid, separated from it by 

the mylohyoid nerve and vcasela and hy branches of tlic submental vessek ; more 
posteriorly^ the rncdial surface is related to the Styloiglossus^ stylohyoid ligament and 
the glossDphary^ngeal nerve, w'hich separate 11 from the wall of the pharynx in this 
region ; in its intermediate pan the medi;:k| surface is teUted to the llj'oglossusj 
separated from it by the Styloglossus, the lingual nerve, theritihmandibukr ganglian, 
the h)"poglossal nm-e and the deep lingual vein fin that order from above dowu- 
wards). Below', the medial surface is related to the Stybhvoid and ihe posterior 
belly of the Digastric. 

The dffp piirt of the submandibular gland extends forwanif as far as the posterior 
end of the sublingual gland, and lies in the intcntiuscular interval between the 
Mylohyoid below and laterally^ and the Myoglossus and Styloglossua medially ; 
above^ it b related lo the lingual nerve* and below, to the hypoglossal nerv'c and ihc 
deep Ungual vein. 

1 u a 
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Fia. II jo.—A tection through th« fubliuRiu] fllinii, taiiaed with 

hEinataxylm add coaiiu x ifio, Comparo with %. t 
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The submandibular duct is about 5 citIh long, and its waU b tuiich thinner than 
that of the parotid duct. It begins by numerous bnuiehed in the Superficial part 
of the gland and^ emerging from the middle of the deep surfiice of that part of the 
gland, a little behind the posterior border of the Mylohyoid^ it runs beneath the 
deep part of the gland passing at first upiA'arda and slightly backtvards for 4 or 
5 mm. and then turns forwards to run between the Mylohyoid and the llyogEossus { 
it then passes betireen the sublingual gland and die Genioglossus, and opens by a 
narrow oHhoe on the Boor of the mouth, on the suminit of the sublitigual papilla at 


FtOi A fl^ctinn uf the suhmandilHiliLT glnndl^ tOiincd with 

humAtMc^ha iind code. xj6o. Compurc ^ith fin itaj. 

Smmw d/r»liiM JTiicviMr 4lrwWi^4 Fal 
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thesLdf of tht frcnuLum of die tongue (fig. 1144)- On the Hyoglosa^tia it lies be¬ 
tween the Ungual and hypogloasd nm^«, but at the anterior liorSef of the muscle 
it is crossed iatemlly by the lingual nerves; the tcrrnkml bmiches of the lingual 
nerve ascend on its medial side (fig, 935), 

Vessels and Nerves,—^fhe or/met supplying the submandibular ^Ijiniil yre 
bnnehes of the facial and Ungual arteiies- Its vtim follow the coutiac of the arteries. 
'Fhe Herres ate dcrb’cd from the eubmandihukr gmi^lionp through ishtch it receives 
filaments from tJie chorda tymp^mi of the fiicia] nerve, die lingual branch of the 
mandxbkilar ner^-c and the sympathetic. 

In the dog and cat the aubftiandrbular gland rectlvu its nem-supply through 
Langley's ganglion (p. i3S/)p but in the bnmgm the celJ-atariona on the patasyin- 
pathetic nerve-supply of the gland (chorda tympmi) ate probably m the sub¬ 
mandibular ganglion. 


Fic. 1122,—A bccodh through the parotid glind^ stained with 
hasmatoxylUi and eo&in. 400. 



The sublingual gland (fig. ni 3 ) is the smallest of the three main salivary 
glandfl. It IS situated beneath ilit mucous rnembtane of the floor of ihc mouth, in 
contact with the sublingual fossa on the inner surface of the nmndiblc, doise 10 the 
symphysis. It is narrow, flattened, shaped somewhat like an a 1 mnn<|, and weighs 
bettvecn 3 and 4 It is in relation^ with the muoaus membrane of the 

moutlu which it raises in iJic form of the sublingual fold *, beioar^ with the Mylohyoid; 
jjt frontf with its fellow of the opposite side ■ behind, with the deep part of the aub- 
niandibular gliind ; faterohy\ with the mandibie above the anienor part of die 
mylohyoid line ; and TncdioUy, with the Genioglossu^, from which it is separated by 
the lingual nctvit and the submnndibuJar duct- Its excretory ducts are from dghi 
to twenty in number* Of the stnaUer mbhn^nal ducu^ mn&x open separately into the 
t![X»r of ^e mouth on the summit of the sublingual fold ; occasionally a few open 
into the duet of ihc submandibular gland. From the anterior part of the gbuid some 
nf die ducts 5onictime!i join 10 form a sublin^uttl durf, w’bich opims ivith, or 
near to, the submandibular duct. 

Vessels and Nerves.—'ITic (ubUngual gLand h supplied with blood by the aub- 
lioEual and luhmcntal uteri cs. Iti nerves are derived from the lingual and chorda 
tympani nm'ts, and from the ijynipathebc. The parasympathetic cclJ-statiGn is in 
the sahmanJibular gangljao ; occasioruiUy some nerve-cdJs arc found on the fibres 
passing distal ly from Hie submsndibulEsr gangllGn tc the lingual nerve and they 
constitute a sublingual gang lion- 
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Structure pf tkfc fijillTary glwdn -—'Yht salivary slunda are camtHairnd nicemoM 
glanda, cOftiiiiJfig of numcrDUA lobes, which huc raodc up of lobpleSj connected logciher 
by difiae arcoinr tissue, vessels and duel*. Each lobtdc tonsitu of the ntatificalion 
of n sinfllc duct* the bnmcbca ending in iligEhdy dikted ends or jIveoLi on which ttic 
cdpillaries arc distributed. The alveoli are enclosed by u basemem-m™brmTic» which 
IS conrinupUs with the mcmhnma propriB pf the duct and constats of a network of 
brsiithed and Entfcncd iiueleatod celli. 

The alveoli of the salivary gkcids arc of two kindS;, vk. scrolls and tnucoufl^ which 
differ in the nature of their secrcrioo and in the appearance of thcrir celJa. (l) 'ITie 
mucous alvcoU secrete a visdd fluid which comairLS mucin; (a) the serous semte a 
thinner and more wsicry fluid, l*hc parotid gknd conainAotilyscmui alveoli. The 
submandibular and sublinir^l glands contain hrrtb serous tnd mucous afvepU i mout 
of those in the Bobmandibuki gland are aeroiiSp whereas the majority in tlie sub¬ 
lingual gland Bit; mucous. 

The cells in ihe mucottt alueoti are columnar in shape (fig, irz^), and in the fresh 
oondition conntiii brge granules of mucinogen. In hardened preparations a delict re 
protoplasmic network is seen, and the cdln arc dear and mmsparcni* The nucleus » 


Fic, IA uciien thruegh the nibnundibiikr gland, itained with 
ha^maloxyhn HJid eoairtt ' 4«- 

Ihdiih 





uiuahy sifuaicd near the baicmcnt-iucrabrarie and is flattened. In acme mticpua 
alveoli' peculiar cre&cenlic bodies arc seen lietween the cclU and the basement^ 
membrane, ITicy aie teirried the of Gianiius^f, or the dfmHunrj uf iltidertham 

(hg. [ict)i a[id are composed of polyhedral granular cells. Fine canohculi pass 
between thcmudii-Kcretuig cells frotti the demilunes to reach the lumen of the alveoli^, 

til the resting condition of the gland the cells in the fcrem u/tvolt All the cavity 
almost completely, so that the lumen b barely pcrcepriblc; they contain gfanulcs 
imbedded in a closely retacukted protoplasm (Fig, iiza). The cells are more cubical 
and tlie granules smaUer than those of mucous alveoli ; the nuckus of each W fipherical 
and placed near the centre uf the ceU. The granules arc the afiicccdents of the 
enzyme, plyatirt. - 

Both rnucmu and leroua celk vary tn appeanmee according to whether the gland is 
in a reaiing Condition or has been recently active. In the former case the cells are 
large and coni a in many granules \ In the laiier ease the cells are shrunken and contain 
tew granules, chiefly collected at the inner ends of the cells. The granules are best 
Been in frtsb preparations. 
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llic duct!i Utitd at their origin^ by law cubical cpithclimnK but a* thejf enbr 
the cpitheJiiil cells change to the columnar t^pc ooel the part of the cell next the hase- 
ment-memhnmc la finely striated ; near the opening into the niouih the epithettuni 

brcrttncs atranfied, i ^ i_ 

The lobutci of the isali^-ary glarLcb arc richly supplied witli blood-vcsada, which 
form a dense networt in tlw inter-aUxolar d^paces. Fine plexuses of ntn-M arc aUo 
found in the interlobular tiaauCi The nervc-lihrila pierce the haijctmcnt-mcnibrane of 
the alveoli, and end in branched varicose filafnenta between the secreting cells. In the 
hilua of the aubmandihulnr gland in aome animala theft is t coliectiiTn of ticrve-ccll* 
ItTtned Lan^ley^'f 

Am^Qry jr/unci[f.—Dwdci the salivary gknds ptopet, numerous OTlier glands are 
found in the mnuthp SomeoTthw occur in the tongue (p. 1380) ; others lie atotind 
and in the tonsil between its trypeap and large nunther* are present in the soft palate, 
the pcHitcrior pan of the hard pabtc, the lips and checks. These glands arc of the 
same irtructurt as the larger salivary glands and tire mainly of the iriijcous t^-pc. 


Fig. 1114.— A wetion through ihe auWiniEiial id^nd^ :«taincd with 
Ktcmataxylih lUld eosin^ >'400. 



Sial<^af>hv,—A cannula can be introduced into the openinga of the parotid and 
stibmandibuli^ duett and lipLodol (a ffubstance opaque to X-rays) can be injected 
into the duel systems of these glanda, Th^ normal pattern and ddihre of these 
systenttn or their obUteration or dlbution by disease^ can tltcn be revealed by 
radiography. The pimitiddust, Jtt seen in sialograms {lateral view)p is formed about 
the middle of the posterior border of the nimua of the ingndihle by the union of two 
duett, of slightly smaller calibre, which pass upwards and downwards, reapectivcly* 
10 Join tlie main parotid duct at right angles to itt course [PI. XXI 11 , fig. 0 - ^ 
runs across the facc^ the parotid duct receivea from diove five or six very small 
ductules from tlie accessory^ parotid gland* and as it bends inwards at the anterior 
border of the Massetcr* it ia often compressed by that muBcle bo that the shadow of 
the lipiodol is here considerably attenuated. The intraglandular pan of the main 
duct receives an saternating series of descending and ascending tributaries. Each 
of the main tributaries of the duct is formed in tum^ from an arborimtion of fine 
ductules, which arc the terminal ducts and alveoli- 'ITic latter normally show no 
dilacacion but are represented in siaktgrams by the tiny endings of the Emallcst duett. 
The iiu^i of ^imtndihuiar gkmd comments from the Jowcfii part of the gland 
(below the lower border of the body of the mandible i;ifi seen in lateral views), passes 
vcrti(ily upwards to just shove the lower border of the body of the mandible* and 
here turns sharply forwards and greduslly ascendfl to its opening* The vertical 
part of the duct receives tributaries on both its anterior and posterior aspects and 
L h tuma aharply forwards it recel™ a large tributary from the posterior pan of the 
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ghmi (FL XXIII, fig. 2). Each txibut^iry b formed from an arborization of ductules 
(witli their tcminal alveoli) i^hich Uzvt the same appeairanDe os that descKhed in the 
case of the parotid. Sometimes when Lipiodol b injected into the submandibular 
duct» it passes also into the major sublingual duct, and the ductules of the anterior 
part of the sublingual gland are tlven revealed in the sialogniin. 

The Teeth (Dentts) 

Mon is provided with two sets of teeth, which make their appearance at different 
periods of life. Those of the first set are temporal^ and empt through the gums 
during the first and second years; they are cahed the dtndumi or wmYA teeth. 
Those of the second set begin to erupt and replace the deciduoLts teeth about 
the sixth year; they have all erupted by the twenty-fifth year (except the third 
molar tooth, the WFisfdoni loatli or drns which may mi erupt at all or, 

indeed, may fail to devdop), and, sinct they may be retained until old age, they 
are named the permanent tiwth. 

The deadtams teeth are twenty in number: four incisoi^ two canines, and four 
moUrs in each of the upper and lower jaws, 'fhe permanent teeth arc thirty-two In 

Flo, 1125 .^—TTm lower dental arch. Labial surfbce, Dmwii fmm afl 
□rilimal photoHTBph by Profeuar Fmnizii Pai'ko, 




ettryt flf S™ \ wWdj tmim Im tbe ^pne of Ihi tmttirm twUi» uk tpuiieiHrv ci 

ibM nKDlct Ukl. f^^Unkiicd «nwird4. pvlta thnn^ Ulf idduniirlt pf thi ttOodllikh 


number : four incisom, two canines, four premoJarB (or bicuspids), and six molars 
in each jaw^ The denfid fimmlie may be represented as follows ; 


Dfadumu Teeth. 


nmt. Esiu 
. Z 1 


can. me!. 

* 


Total io 


permanent Teeth. 

ciiflL prcnwiL evu. in. in^ 


Upper jaw , ^ 2 l 

I>owcr Jaw * 3 


can, prrmol. mnL 


i 3) 

-— ^-Total ji 

a jf 


The dental formula for the peimanent dentition in man is usuollv expressed 
briefly 09 If Cf Pmf M| (for one side of each jawjp 

Gmerai eftarartmstics.—B^ tooth conrista of diree parts; the eroum, project* 
ing beyond the gum; the root, imbedded in the alveolus of the maxilla or niandible; 
and the Tutk, the constricted part between the crown and the root (fie. i ijzX In 
the centre of all these parts of the tooth is a soft substance called the pulp, Immedi* 
Bteiy outside the pulp is a yeUot^-white layer, termed the dentmt, which forms the 
main bulk of the tooth. Covering the dentine in the region of the ciown is a chint 
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white, hard layer, lemicd the tttamil, wliilat covering the dentine of the root ia a 
layer—the cement—which hsa a atructure resembling that of bone. At the Bp« oi 
eacli root there is a small foramen in the cement and dentijiCi through whielt blood¬ 
vessels and nerves pass into the puJp. TJte roots at* firmly implanted in the alveoli 
of the masill* and mandible, being retained in tlwsc sockets by lire ^odotHaJ 
mftnhninr (denial pefiiysieum), which covers the cement of the root and hrics the 
alveoli ffibrous ioint, of the type goniphosis) (p, 451). This j^riosteum is con¬ 
tinued k far as tbe neck of the tooth where it metgi* into the hbrotu t^uc of the 
gums, 'fhe periodontal membrane is nonnally about 0*2 mm. thick and erttremely 
slight movemcm ta allowed between the tooth and its Mkct, 

In consequence of the airve of the den^ arches of the rnajidible and maxillz, 
the ordinary d«criptive terms such as antetioT and posterior, if applied to the 
would be confu^inMi special dcacriptive terms aft comnionly employe by 
dental surgeons for the sake of clarity. The surface of a tooth directed towards the 

FlO. twlii anJ lalrral t»pcct^ 



lips or cheeks is known as the Mial (or buccal, or facial) surface; that towar^ the 
t^c is the lingual (or pabial) surface. Those surfaces which face the ncjghlwur- 
ing teeth of the same iavv, that is the conttguous surface*, arc termed wermrand 
diftai the mwiiil surface being that nearer the central incisor, while ihc disia 
surface is nearer the third molar. In the cose of the incisors and canines, the mesial 
surfaces are medial and the distal surfaces lateral, while in the premokni and molars, 
the mesial surfaces are anterior and the distai surfaces posterior. Hie surfsK^ of 
the teeth of Uie upper and lower jaws which meet when the mouth is cl^d are 
called the miutitatoTy, oeefinal or ehmfittg surfaces. 'I'he upper wninil incisors arc 
wider than the lower, with the result that the masticatory surfaces of the com- 
soonding teeth of the upper and lower jaw arc not accurately opposed tn each other 
vvhen the mouth is dosed. Thu# the upper eaninc occludes p_nly with the Imvcr 
canine and partlv with the first premolar, and the tubercles of the up^r iimlars he 
distal to the corresponding tubercles of the lower inolars. Ine two dental arch^ 
however, end at nearly the same plane behind, because the wppvt molars, cspceially 
(he third, arc smaller than the bwer. The maxillary' dental arch forms m elLptial 
curv-e, the sides of which art nearly parallel, slightly approaching each other disla ly 
ffiB 1127). TIhj mandibular dental arch, on (lie other hand, forma a piuitbouc 
wrve, and in front is narrower, and behind wider, than the maxdtary srcH (fig. 
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112 $}. CflH8cqueiitI)% the upptr teeth overlap the lower on their labial oapect^, 
and the upper molars sbpe dov^Tiwards and outwards vAile the lower molars sbpc 
upwards and mwurda, this tilting being known cle the curve of Monson, The 
masticatory surfaces of the lower teeth, distal to die incisors^ do not all Be in the 
same plane but altmg a (rur\'e which is concave upwards (curve of Spee) i this 
curve in the adult is an arc nf a drcLe of appm^mately three and a half inches 
radius» the circumference of thia circle also passfs through the condyle of the 
mandible [fig. 1125^. I'he masticatory surfaces of the upper teeth lie on a eorre- 
spoitding curve wnach is convex downwards. 'I'hese cun'es are of impoitance in 
pn^thetic dental surgery^ in the construction of artificial dentures- 


Tm PER^tANENT Teetii (figs. 1126 to tl^Q and PI. XXV). 

The lEtcisDr teeth arc so named bE^uso the masticatory edge of the chisel- 
shaped crown of each is bc^ollcd so as to present a ahajp, cutting^, horizontal edge. 


Fjo, 11^7,^—Tbfl pcimanent nceth of the upp«r deiithl arch. InfEnar aspect. 
D«vm imm tin ongintd photii^nph by Prefeisor rmiitis Davies. 
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4 n adaptation for biting the food. They are eight in number and form the four 
front teeth in each denial arch. 

The erotun is convex on its labial surface and concave on its lingual surface, 
except near the neck, where this surface becomes convex. In early life, before it is 
subjected to wearing down by mastication, the masticatory edge has three small 
prominent pf/mts, separated by two notches. The netk is allghtly coiifitrictcd. The 
rticl is single. 

The upper wirorf are larger than the tower and are directed obliquely downwards 
and forwards. They overlap the lower incisors and their cutting edges are con¬ 
sequently bevelled at the expense of their lingual surfaces. The lingual surface of the 
crown frequently prtaents a V-shap^ eminence, known as the dnguium, the apex 
of which is near the neck, where a dlstinci h'ngueJ tuberele is sometimes developed. 
The tool is bag, conical and nearly dreuJar in transverse section. The central 
upper incisors arc the largat of the incisor teeth, 
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The lotetr rttcmrt are placed almoat vcrticdlly, arui their cutting edge^ ate 
bevelled ai the expense of tlicir kbial iitdkccft m they have been worn down by 
contact with the overlapping edges of the upper teeth. I'heir fnota aie hatxened 
inedo-diatally and are grooved on their mesial and diEtal surface^, ITk lower 
central ificisor is the floiallcst of the indsor teeth i its root is ver^' short. 

The canine teeth arc four in numbcTi ttvo in the upper and ^ o in the lower 
jaw. Each is placed distal to the corresponding lateral incisor^ 'rhey are longer 
than the incisors. Each has a large, long root, which causes h well-marked bony 
prominence on the facial surface of the maxilla or mandible. The crown ia large 
and conical, very convex on its labial aurfacci slightly concave on its lingual surface, 
and its masdeatury edge tapers to a blunted point, which projects slightly beyond 
the Icwl of the other teeth- The root is single, longer and thicker tlian that of an 
incisor, add is conical in shape. 

Fto. luS.—^Tie ptnnancnt irtsih of the b^vtr dentil Supwrior aflpeci. 

DfjiH^n fram jin onaiiial phoioffraph by Pwftimr Fr^octi Davin. 



The upper ainttus (popularly called the" e-teeth") are larger than the low cr, and 
usually have a distinct cingulum. The root is the largest of all in the human teeth. 

The forcer camne biles betw etrn the cEninc and latemJ incisor of the upper jaw. 
Iw toot k slightly fiattened mesio-distilly and grooved on iis mesial snd distal 
surfaces; very' rarely, the root is double. The evown usually hiia no cingulum- 
The premolar (or bicuspid) teeth ate eight in number, four in each arch. 
They are smaller and shorter than the canino, and are placed distal to them. The 
sirown of each is compressed mesio^distally and b surmounted by two pyramidal 
tubercles or cuaps, one labial and the other lingual. The root ti usinlly single, 
flattened medo-distallv* and deeply grooved longitudinally on its mesial and diital 
surfaces, indicating a tendency for it to become double; the root of the first upper 

□remolar b generally bifurcatciL , , , „„ ,1 

The upper premclan are Larger than the lower, Inc two tubercles on tnc crown 

are separated by a groove. The labial tubercle of the fim premolar ia larger than the 
lingual, whereas the tubercles of the second preraolar are niactically the »me 8«c. 
In the Imer prmolart the labial and lingual tubercles of the crown are connected 
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by a ridgt^ iifseaiat and diatal to which b a small pit^ The lingual tuberdt of the 
first prcmolar is very soiaU^ and may be merely nidimcntar^^ whereaa in the 
second premolar the labial and Lingtial tubercles are nearly ^ual in size. Owing to 
variationa it is often impossible to identify with certainty individual premolar teeth. 

The motar teeth arc the largest of the permanent set and their broad crowns 
are adapted for grinding the food« They are twelve in number^ si* in each archt 


Tic. The perttuiriicnr ie«ih of the right labbJ tijifftcca+ 



three being placed dkul to each second premolar^ The crown of each ia nearly 
cubical in form, convex on its labial and Hngual snrfaccSn and JkttenecI on its mesial 
and distal surfaces. It is surmounted by three, four^ or five tubercles. 


FlCr j i^o^^Tbir decidia^iiis fccih of the 
rij^it side, lubifll surTacev. 



FlO. 11 ^OA.^The left upper 

second dreiduaw moUr 
cooih, Kcrtc the form of the 
C¥iO biitmi rootB, x t'^^67. 



The upper mQiitn .—The first molar ia usually larger than the second; the third 
is a small tooth (fig. 1129), The crotvn of the first molar has four tubercles, of which 
the distCN^lingud is the smallest; that of the second molar has either three or four 
cusps^ and that of the third molar three cusps« the diato-lingua] cusp being absent. 
Where four cusps arc pi^cnt in the upper molajSk a ridge connects the mesio- 
lingual to the diato-Iaby cusp. The labial tubercles project more than the Lbigml, 
Each upper molar has three roots, two of which arc labial and nearly parallel to each 
oihcTi while the third fwhich is the largiest) is Hngual and divergiis from the others 
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as It ascends j this div^Tgenw of the roots is greater in the first than in the second 
nioLir, tvHile the roots of the third molar are more or less fiistfd together. 

The btttr wofaw—These are larger than the upper roolart. On the crown of 
the fust there are five tubercleSi of which the disto-wbia] tubetde is the smallest. 
The crowns of the second and third molara have cither four or five tubercles, the 
dislo-labial tubercle being iitconstant Each lower molar has nvn roots, a mesial 
and a distal, which arc curved distallj/ ss they descend, flattened meaio-distally, and 
grQO\'t<i on their mesial and diiial surfact^» th* tWi'O rcsots of the diitd fnalw are 
tnore or less united. 


Fl<l+ vertical ■ertaOrt 

dirOuji^h a inobr tooth. 


Fig. 1131 —^Vcrtici] 9«t:riun of firai 

kmcr fiwlar Eooih. In dm. jtf s. 







IkMit ¥9 


P^p iwpihn 


Fjc. j 133-—^Vcriic*! ^rcniod see* 
itoti of an ificitur tooth. ^ s *5 


lIWPIPMlf 
vWM mtmv 




SfrewliKrp 


'Vm. Deciduous Teeth (fig* 1130 and PL XXIV) 

The deciduous nr teeth resemble in form the teeth i^hLclii bear tlie same 
namETB in tlir pcmianent act; they arcj however^ smaller and their ficcks are more 
canstricted. The second molar is the lurgcsC of ihc deciduous iceth. The first 
upper molar has three tuherdest the second has four. The first lower molar has 
four tubercles; the second has five. The mots of the deciduous molars Are smaller 
than those of the permanent molars; they nre also more divergent, owing to the 
fact that the crowois of the (permancrtt) premulufs arc lodged between them but 
the apices of ihe/n^fv dmhped rmits are eonvejgent (fig. 1130 a). The deciduous 
molars arc replaced by the premolars. 

The STiurtm;itB o? th£ Tmn 

When a vmicsl section is made through a tooth (figi. 1131 to si 3 j)i a cavity 
IS seen in the crowTi* neck and centre of each foot; it opens by \^ minute orificE at the 
eitrcmity of the latter. This J* called the pulp and contaiju the dattai pufp, a 

loose connective tisiuc^ ccmtaiiiing a gelatinous ^tBtanoe, and richly stippUtd with 
blood-vbskels and nerves w^hich cniet die puJp through the orific* at the apei of each 
root. Bmnched connocrivc cisatie -cellB peimcstc the pulp. In the young toothi a aiugle 
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[■ycr nf law, ^nmukr cclb Jics tin the tuffact of the pu\f^^ Eidjjicrjii to the 

deep surface of the dentine. The*e mce caned the odotti^lasu, becau^ they are con¬ 
ceded With the formation of the dentine, Each odontoblaat catitains a krife ouclena^ 
j(i;uated in the deeper part of the cell. The form of these cell* change* with age. 
During the process of development of the dentine they have the *hapc described 
above, but after the dEntine is fully formed they become shninken and flattened, 
liach ^odontoblast sends a fine protoplasmic process from its superficial extremity' into 
the ttmall canaliculi or tubulcfi which lie in the dentme. In gei^ral, the pulp cavity 
has the sjime shape as that of the entire tooth; it extends as smalf homs (cornua) 
into the tubercles of the cmwna. Gwing to its rich ncrvc-aupply, the pulp b tstietTidy 
Sensitive and tactile and thermal stiniuJation produce pain. 

The rfrwfrwe* which fomis the hulk of the U a hard, cbsdcp yellowish-white 

aubatonce^ Consisting of a number of minute tubules (the 

imbedded in a dense matrix which cansiscs of ^ parts of organic matter and 
7a pam uf inorganic salt* (mainly calcium pho^^phale). Tlie tuhuJeSi open into the 
pulp cavity and pursue a ^vavy courw (the primaiy* curvatures) in the dentine of the 

Fh 3 . I j> 4.—Ground iransvcnne seetino of the mot of a tisotb, near ihe ap«, w 144.^ 






A^f14 


crown and n straight course in the root : in each case the luhulc* al$n present secon¬ 
dary curv^iiturcs in dw form uf spital coik. Faeh tubule has side branches w hich 
communicate W’cih those fif adj^cenT tubules, fn giineml, the tuhulcs run vcnically 
beneath the masticatory surface uf the emwn^ huri^ontslly in the sides of the crown 
and in the neek^ iind obliquely townrda the apex in the toot. Around the lumen of 
each tubule there are two layets of calcified dtMitsruf, im inner dear and an outer 
gronubr 5fot>c. sepamted From each other by a thin homL>gencoua mcmbninc* the so- 
called drniimil ihrafhy 'rhe lumen of each tubule contains a dfittinal fibri (of Tomes)^ 
which is a pnnoplasmic prolongatirpn of an odontoblast cell and which may be con¬ 
cerned w 4 tii nourishing the avascular dentine^ After decfilcificdtitm w^iih acids, 
dentine retaizm its shapie. Tn lonj^ttidinal ocetion* of a toothy lines can be seen, in the 
dentine which run parallel to the W'oils of the pulp cavity ; they arc called the cantour 
lines (of Owen) and arc formed by smell imperfectly calcified arejis, termed the Jitlrr- 
ffitdmfar spam. Thciie spacer are moat marked just below the nmclo-deniinal junction 
in the emw n and just below the dentino-amientat junction In the nwt ^ in the root 
the spaces are much smaller rhan in the crown and comprise the gratiiJar hytr (of 
Tomes) (fig. itj4). "Uvu apaoes are surrounded by fully calcified dendne. Otlicr 
durv'cti lines, concenlrit with the pulpn and culled the iiwvi a/ Schrtj^tr, art seen In 
transverse scetiuns of demine t they art due to the optical effect of simultaneous 
curvature of the dcniirml lubuks. 

In young tcech^ wherp dentine it being fotmodi a clear layer is seen lying between 
iheodontobLoits and the fully formed Jentme. It k called adtmuji^^iirtk or 
prtiitntinc. In it the caklum salts \wc not been fully deposited, and ils superficial 
■ K, \V. Bnalfainh BtIIm Dtiitui 90, jei gji, 
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surfac*.' iH lin^ by sphcrii?af muascs of linic fhrouub the Ut^tan pr which the 

matrix w formed, Dcntionl tubules, aldiuuj«h pu-teni, are not so cleikriy 
debned in this as in the fuSly de\xilopcd demine. 

The nmm^i is a dense, white layer fotininit a emit over die crown of the tooth. 
[e extend^ B& far its the ncck^ when: it nic^ts the cement which covers the r^t. At 
the tieckk the enamei usunlly overlaps the ccmcnl to n sIxKbt cstctal; acrmetirnt^ the 
cement overEtips the or no overlapping ootuta ; very mrely the c^ncl end 

ccfTicnimav fail to meei, ihos leaving a small area of dentine expfiscd on the surface 
of the neck 'fhe enamd b the hardest and miwt compact part ot the tooth. It Js 
thickest over the masticutory surface of the crown until worn down by attntton. it 
corlfibu almost itoiircily of inonjanic salts, chietly calcium phosphate- Jiistoiofti^lly 
ihc enamc] consiata of niimiteT treaded, solid rods, called rniXffiW />riijirr, mojit of w^teh 
run a more or less pamliel course uninterruptedly through die tfirirc thickncsa of the 
cnumeJ. They punme a vcnicdl course on the mastwtory surface and a mt>rc or less 
horiEontal course lit the sides of the crmvn. Each prism is six-sided (as {teen in trans¬ 
verse section), about 4 fi in diameter, and prcjictits luimeroua dark, mmavet^ sliadmj^^ 
which arc ptob^bly due to the manner in w^hich the prisms arc devdo^d m succtMJve 
siages, shallow constrictions being pToduced as described below, l^e pnsms ave 
a wavy courts, and in ahemate layers they often run row-a^ the surfa® at diiierenl 
angles. Ear<^ prism is surrounded by a thin cuticle, which can be deeply stainc 
by Heidcixhain'a liiETriatcpiyJin. The ennmel ni«tt the subjaceru dentine ^ 

Lindulating line fthc ttmtfc-dentinal jiiNcU^rt), the concavities of whid^ art direcle^ 
towards the cnamd. Jn human teeth, the emmicl and denime do not appear to be 

inlimatelv unil{^J. ^ . ... , , 

Wlieri the enamel i# woin away in old t«th, the subjacent d^tinc js expo^ an 
is recognis^ by ira yellowkh appearanee In contraar with the w^hitc enamel, bnamcj 
Is devoid of vessels and nerves. 

^rhe cemefft forma a thin layer covering the dcntuie and extends ftoin the neck to me 
apes of the nioi. Jt is thinnest at the neck and increases slightly in 
the apes of the mot. Thm an? two kinds nf ccmeni, aceilubr and cellular. I 
Qcelluiar tv™ covets the greater part of the mot, whereas the cetiulnr type nmvees only 
its apkal part- The cellular type resembles hone in structure and chemical romptis^i- 


fju 


II^ para^ieitta] section Through ilw mnirdilmtar arch of a a3i mm, C,R- 

a phnramicfoarapli kindly nrvEn w Ldtior* by Dr. t.. II. FoiiK*. .Anummif 
l>cpt., King s Collejje. Newcoitle-upon-TT-nc. 







prpLg kNl-^ 




tion wid cmiulns iiitun* and canalkuli, ttuptifiVi the laHef wre rratmly Jirttled t.^vards 
(irKrio4t.»ToJ niemb^nr. P^rformini! librt^ ot Sharply (mm ihv. ptn.nlrmt,! 
riiei^bro™; imu cinalktili w liich pewttrote the whole tb^kness ot tht cement, in this 
vvov the tOi^dt is aitchorwl iHSCiirely to the alvwlay pefiiwleum. I l^ ctment js (hitker 
,n 'ddult than in yoiii.*t n«ih. Namjil a-namt is a^scubi. tanala resemhlm,? 

HavenJiJin canals of true bone are occasumally prts^ni. - - i u 

rhe upper molars and prcmuldre receive their nrtend blood, 
supply from the posterior superior rtlvcobr branch of the masilkry an«y t the upj»r 
ciinine and incisors ftiim the floierior superior alveolar branthr* of the (nlTBK>rbital 
artery 'IXie lovver teeth ere supplied by the inferior si vi^ihir branch of the ipfl^illaty 
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Fl{;. 1136.—Pari of a pairaangittal icction throui^ the htad of a &0 rmrin ChR. 
ttuioan embr^^p throunh \ht riithi lower ooitnJ indsor tootb 

ScDincd wiTh aiid eoilr^. k ij, DnuTi from a pboiomicrogniph 

kindly eiven to the ^ilors by Of. C, H. Tcflgc, Anutooiy Dept,, Kjoga 
CoUcfiP> XewdamJc-upon^T^nc. 



MucidffM 4/ ^«w jlJfvoJb-lBUal pTTHnr ikntfiJ 


artery^ 'iTic alveolar penostciim is very va^unjlar. The arceriiira m the puJp enter il 
through the Fonimrn at the apex of oacii root. 

^ri'tc VfrJtia atoompmy the anerJes- The lymph veioela are ejeserihod on p. 
iVirnwf.^Tbc anten'or^ middle and posterioT superior alveolar branches of the 
maxillary nen'c supply the upper teethe and the inferior alveolar brandi of the 
rtinndihuLir nen'c the lower teeth (for detniEs tee pp. 1104, 11 ii). 

In the case of the lower teeih^ there is on overlap in lEie innervattun of the central 
incj&ora, the right lower central tneisor. for instance, being supplied hy hmnchca from 



Pio. I i37^'—CoTOtiil wtinn of the h«d of a mm. C'.R. human embryo, 
flhowina developing lenh. 


Xtw pCHfitu IHiK Ur ctrtilw pm^ Uetpu^ th^ Onrl^ni iMtidJlik. 
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the lefi infenor ftlv^lar hervf in Dddinon to the supply it receives from the ntrve of its 
own aide. Further, the Lingufll And buccel nerves appear to tjike part m the iniwvatjon 
of the pulp of tEc lower ntdlarsK prumolari and canines (Stewart aBd « Llson }, 
particularly with respect to the sensatton of pain elicited by pin-pnek. 

The nerve-fibres penetrate from the pulp inln the odonPJiJtncUc iione ol the 
dentine ^ some of the hner fibres enter ilie mouths of the denii^ tuples and pene- 
ttmie dceplv into the oilcificd dentine-t application of cold «ir heat to ^posed 

dentine catiscs pnin. Normally, the coverinif enantd insulates the dentine dhcjcndy 
fi^inst thernml sihouli- 


FiO-*. 113S.—■Oevelopina! tooth r Drawiiijj from a photogfaph. 



xStmfwpi 
4 ulrniwd'iam 




.t m 






KxtrnuS^ 
tpUJuJinm 




rfwrt PtaJltT ^oiJ 


A rich ■rtwrisaUDil of ncncs ia prewnt in the pcriodimtiil mfmbTunr:. but theK do 

not penctram the ecment. 

'I'itE Develop lEsnr of tieh Term 

Like titc *kin. teeth arr develt^rf from both eciiKlemi and tncscKicfin. the enamel 
being derived fram ccigdemi, and the other dental n$sUES (pulp, dennne, cement) 

of the deciduous weih ocrom #b^i the sixth 
week of intmuterine life, and takes the form of a thiekeoed ndge of epiihelmm on e>^ 
of the opposed surfaces of the mandibular arch and ™*itW PtwcM- 
dermal ridi^ia the priimiTy dental lamtita. On itt labia! md lingual ™r^I 

derm thicl^, thu* raising the level of the surface epithelium cm either wde of the 

• 7 . .^aal,. LtmJ-, 63. 

+ ft. Cocker and J. M, ILuion.^. *^rttir.. S». rStl. >1155- 
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lam inn, Iciivini; a shallow furroK ovcrl yiog ih^ t^ntjnq tt^f» and cmisirsf; tht 

Lamina to proj^ more nnd more In 10 the mji-roundlng mesoderm (fig. ii 35 )' 
deepest part of ihe primary dental Jomina subdi^ndw into t^Q parts, a ifiitncd 

the /iirnffiffg and u mediaL^ termed the d^ttigingujal tamma (or denliti 

iamiwi prttpft or ^^mmen dmfsil jfmw)- The ccntml cells of the labioginnival lamEna 
later break down and a groove is tlhiS foitncd, Thia groov'e {atv^&^aikat or labis^ 
ffingiini! 1136) tepantea the dental limiina From the outer parts of the 

mandtbulAr and maKillary processes which give Hac to the lips and cheeks; it 
subsequently enlan^s to form the vestibular region of the month cidty. 

The dentaJ Ituuina gives rise to the eiwneL At Brat it farmR a cantintiqiia flat baitd 
of cells^ bur flboul the fiindi wE:ek. five enlargements of the deeper part of the kmina 





d?cratajrtJi^ ItiBjMMflrg fiwfk 


wnand^lf 


Fici. itj9,—DeveJepiiig i«nih with nundible and Up m 




a/ 

pfrtM n^ai IwrfA 




Jfiifi^i^u 2 bp cnruil 
trUk trxirrU a ivJ 
pn-rw# 




PrnEi fuTin a phottaiflmd^ Ifv F. Huriton. Dcsi*] D«panmm, tJRivmjly ^ ShdUeU. aiiJ npradMcrd^ 
Ijry {^v-iTniuinn til M ixixi. aiii:L]E St ikm, Ltd^. trom Ov T*ttk br l''uJler and I larruHt 


Qpccur, eaich ogrrcapDndmg with a future deciduous toodj, Iti cflch of the mnndihkiiar 
and miixillHTy processes. For a time, there enkrgemema condnue 10 be connected 
tngerber by the intervening parts of llic original thin ikntd kmina. These taiier 
disappear later^ and the enlareemcnta are then separate and conatiiutc the 
QT fpiv-ial g^rrm. Gfoups of ceUs of the intervening portiona of ilac lamina may, 

however, remaEn ; these fcmnimrs are kno\™ as die ' glands of Sevres^' ojid are thought 
10 be the origin nf certain tumours or cyats which some rimes occur in reluEiori m ehe 
iwth^ 

Each enamei oTgan comes to assume the ahape of a ctub» connected to the surface 
epithelium by a narrow stalk of ectodermal mIIs (the unc^panded Buperficial part of the 
denial lamina), and its deep surface is invaginaird by a papilla of the subjacent meao- 
derm, mmic.HJ the drnttd (or dewijVir) ptipilh, o^-er which the enume] organ btfcomea 
moulded like u hood or cap. This mcSfalcmiiil papilla H^sumes the shape of the cmv%-n 
of the fuiuit tooth* and gives rise to the pulp and dentine, 

Fmm the tingued side of each of the stalks which connect the cnaine] otgajas of die 
deciduous teeth to the surface, a lolid ectodermal bud (pows into the mesoderm 
(fig. 1 (3^)^ This bud is the cruuncJ organ of the permanent tooth {inciaonik canine*+ 
premotars) which will later replace the appropriat)e deoiduoua moth, Tt h invoginated 
by fl mes^erma] dental papilla m the ume fUAtiner as dflaerrhed above in the case of 


PLATE XXV 



fn i/£ mdtar 

f irM permntMiti 
■mo&f 

J4ird moiir 


Sa»}i 4 pertmtwmi 


Fw;^ I.—Riiiiiogriph of the teeth of ■ S3 yeari old. 
(Syritington. HTid Ruikin''A Ailia tr/ Ski^rvwa.} 

The rwt» of the sccxmd krtv^er milk m&lar ere in ptocen of 
being abwbod. Only the mnm of the (int milk molur rcmiaini, 
kitd it iA ready to be ihed. The crown nf the third kmer per- 
nunent molar locci forwiftlj, and its roots have not yet dn'elopcd. 
The ■nerics hs^c been injected. 

Note: the eniption of the prtns&kr teeth has been iltfls™ 
iboornuLlly. 



AMterior wof^ maiiWdiry ^ AtiSi /»it abm ike 
Arirfae^i ntOJfiUfitry hdmwffy 

I I I 


J/oJid^icidr oa jqo/ | ifentet /emmea 

jtrff/wf# 

Flc. t.—Radiograph of the teeth of kh adult msk &kiill. Higtit 
side. (Syraiagton mnd Rankings /fdar ^ Skufgramt,}. 
yVoJe.—The rooti of the upper molim iro productng clevarions 
hi the aenroFthe iRixillary linui. The roots df the lower rriolirs 
(a snd 3} reach slmost to the mandibular csiisL 







PU^TE XXVI 



FiU. J,^—Ridbgnhh of 
» fttfHTUjCh ilfer n 

biiiutn meal. The tone of 
thr niiiiEiil>r lAifcll if cewd 
Did nipportt the Mctght of 
dw columri tn the body 
of the org«n, llie trrow 
pciinu to the dumien aI 
oip, below which m Kip in 
the btrium indicEie* the 
pOBitbn of the pyloruiv 



Fio. 1.—of 

nn monte etomach after h 
bsrium meaL Note that 
thia ttomach OOirtama the 
Battvc DTiount qI bmivun 
M the itomich In fig* tw 
Arpnw t pdnti to the 
shadow of me right brent \ 
aiTOw 2, to the pyloru» \ 
^frow to the upp& part 
of the body of the etomach, 
w^hcre km^itiiiliiial fbkU 
CDi be Kcn in the irinoQua 
mcixibrane. X X moiiui m 
vmve of pcTi«teUi»« 
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the tnftmcl of the dedduCKua t«th. Thcrac pemianejit teeth which rplace the 

dedducus Teeth are thus developed on the lip^iial upect of the Jatter ; the individual 
paiTB of enamel organa (declduoiu and permanent) arc connected to the aurface by a 

common stalk of ectodernial Cells. , . , i . i_ , u 

Wliile tbcffC changes jue gorng on, the dental hunins extends backwards behind the 
enamel organ of the second deciduous molar tooth- This extension Involves only the 
deeper part of the dental latninji and ii therefore not dirccUy connected to the surface 
epi the! lum overlying h. About the seventeenth week of intrauterine Ufe, the extension 
presents an enlaigement, w^hich is the enamel or^an of the fipt peftnfiinent molar tooth 
and which Sflon bceomea invaginjited by & mesodermal pspills. Tn the fourth month 
aftfrhirih a further extension backwards of the dental lamina occm^, with the formation 
of another enamel organ and dental papilla for the second molar tooth. I'hJs p^css is 
repeated for the third petmanent molaf, the papilla of w hich appears about the fifth year. 

The enumel organs of both the deciduous and permanent teeth consist at first of 
round or polyhedral epithelial celts. After tlie formation of the popillst. these cells 
undergo a diffeienliation uieo four tayere. 'fhose in contact with the become 

elongated, and form a stratum of wcJl-itiarked columnar epithelium^ 1 nese iXll* 
form the enamel malrix, and are therefore termed m mfrcfoWoiir (fig. 113S). 

F(c. i r^o —Langitudinal secriDn of lower part of e 
growing 100th. ^ c loe. 



Th= cdlA of the fltiWf Inyef of the *p«l9l dental geira ire cubical in ^ are 

named the epithet^ ttsSI. The ‘ 

ttellate in ihape and forni a nenvork into which fluid ii tecreted ; thia has the apl^ar- 
ance of a jelly, and to it the name* of tullate or •« 

Between the stellate teticulum and the layer of amcloblasta there i4 a itrwf«« mter- 
mediifm conaistinjt of two of three liyctl of round Of polygonal ce 

Around each enamel otgan the nies<xl«m fomw a vascu^. connective nw, 
wr Of foliitU, which lies in the tooth nypt of the mondjhlc "laxil a. 
remains of the dental limino conncctins each eniomcl organ to the sutface epithelium 
disanpear^. and each dental sac « connected with the ovorij.ng gum by a band of 
conne^ve tiwoe, temted the fioftefflnCTdwm dentif. whidh lies m a ^bcnmcular canal. 
The gubcmacLilD arc short over the developing deci<!oesus teeth ; those over the 
develS^ing permanent tecih arc long and. in the «« «>f the mcisor*. camnes and 
prcmolsrs, lie Ati the lingucl aspect nf ilit deciduous teem. 

^ 0 / ruuwrf (Sk- i - jSI.-rhe tnunwl w X 

of the cnanitil organ, the process occurring in two 
btflsts elongate ; their hosa! parts remain m contact ivith 

and into them and die spaces bertveen them a pnmii>- d^»inon of ffllcum « » 
takes place, the deposition gradLully extending outward^ This 
teacU iHilv II) a partial impregnalioo of the mam*. The MCond phase is one of 
maturation and mulls in comptelc calcification. *0 that the enamel come* to consist 
of calcified rods or prisms, surrounded by calcified mtcrprismanc matrur. As there 
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pnKie9s«ai BO (ui, rhe eidbtc rcticuluni Hnd stnitLini intemiydi^im atmpliy and dis- 
eppcar, so thal tho newJy fomicd. calcJlicd cnarod and the cxtcrrizl ■^^alne'l•«pjthtJ!iLLln 
corTM: into apposition. crown of tin? tooiJi « oi^vercd for d ritriL hy a distinct 

nnsmhraiw, known as th« matnrl futicir (or X'asmyth's mernbmne), which is doveluood 
ihf cnEtmcU-pithclmTO. ll fotmi a homy bycr, which may be stpsrarod from 
till? stibjjiceni ralohcd mass l>y the action of acids, und it is marked by the hcxaironjit 
imprwiona of the cnamd prisma sod inuiiprismstic substance. While it is oofmollv 
invisibk to the naked eye, its presence is occaalcnaily ivveaJed in children's twuh as a 
KTcw discolouration duo to the action of chmtnoBenic baetcrie, 

af th«dentmt .—\9 befom stated, the fiist (pirtos of the dentine dre the 
pnptl^, which ETDW upwards into the emuncUBerms and become covered by them. 
l»ih beioj enclosed in the dental sacs, in the manner above described. Each papilfa 
then eonaiaiB of t^nd cells, and U very s-asculir, and soon begins to assume the shape 
of the croifvn of the future tooth. The next step is the appearance of the «fiwiJoWo/ri. 
which arc formed fram the superiicJiiJ cells of tlie papilla ; thiKc cejis liccume eIon¬ 
ia led, one end of tlw clohnated cells twrinif apainst the epithelium of the enamel 
otsatis, the other hemp tnpered and often branched, l-he formation of dcnime is 
Si^lar to the ptticeM of iniramem bmitoos ossificiition of bone (p. aft) and the odonto¬ 
blasts play d rule hice t^t of tlie osicobliists. Through ilieit activity a matTix, coniain- 
iiW tork-semw shaped tollaficn fibres. is Inid down between tlw iMieoblasw. 'I'his 
oncalcilwd matrix IS called theptti/ejirmr (oto(fiH;fejprtr(-tto*wtr)and it caps the papilla, 
In It islets of calcification i^ke their appeiiiancc. and, ooalcscintt, ijive rii* to a 
continuous Ili yet oi calciliMl tnatensi, which covers each tusp (undcmeatlt the 
and constitute the hixt J^er of dentine. The wlomoblasta mtim towards 
the cffltrt? of the papilla, and, ju they dr> so, produce socoesive lavers of dcntinc<= 
mar is to say, they farm the dentinal matri* in which calcification subsequentty takes 
place. ,\4 they recede tram the iH-nphcry of the papilla, they leave K‘hind them filq. 
mentoua procc^ of cdl-prouiplasm ; these are surrounded by the calcified muterial 
atid thus the denial eandiculj are formed •, ibe piooesscs of protoplasm contained 
wit im the« eoMtttute the dentinal fihms, 1'he central part of the^pilla di.M 
undenjo cakihtation. but persists as the pulp of the tooth. In certain dmumstanecs 
c.p. Joss of pooih stnieture due to caries or atTriiion, the pulp may be itimulatcd to 
renewed fomt^nn of ^ntine (Mcondory dentine formation, fifl, tijj), fn certain 
places ursedet^ portions of the matri* remain between the successive lavers of 
dt-nfirrcp Hnd rae r* rhe ifiteriilubEafuj spuccg H^kidird ii> nbaitr. 

pie roat uf rhe icjoih btfilrrs to be fumied shortly 
"nw through me gum; but is not completed until some tdm^ 

afterwards. Its i» dereirmncd by ■ doumgrawih of the epithelium of rhe dental 
eerm w hich extendi belovv the region viheie the enamel ia to Ik formed, almMt as far 

“ImVTi m'i of tpithdium ia known as the 

rpit/Wiol xftnoft (of I krm-i};) (fig 1140). 'JTie iTHicular ti.ssues of the dental sue then 
htiMk ihmuKh the epithe wl sheath, and gpmijd over the surfnw of the mot m b Javtr 
of bmie-fotming o^tenid. fn tins layer nsteobk.t, make their apyK^arance and 1^ 
process of wsrhcation got^ on as m the toinimembninous ossification of bo'rw The 
remams of the cpitheltBl sbcqih may sometimes be seen in the adult os isolated nrouo* 

^1* alveolar iierroBte uni | periodatital membranv i, ^ 

TAe/nmwjitVjfl 0/ tfte ii/Wi.—About the fourteenth week of embryonic life the 

™mr, T''““'I “* * or bRiovc of mesodermal tissue, which at first is 

™™on to all ^e datal genna, but subsequently is divided by oepta into loculi each 
^o. con^otng the speml den^ germ of a dedduoua tooth aS its cormspoiS 
^rnmnmt tooth. Aftor birth each cavity becomes subdivided, to « to form Kpamte 
for each deciduoib and permanent moth. Although at me time the whole u( 
the growing tooth lacontamed m the cavity of the aha^dus, the [alter mi rr compfctoJv 
endows it. since them is abveys on aperture over the top of the crown filled by loft 
tissue, by which the demaJ mc is coimccted w ith the surface of the gum. ^ 

■Hie devetopmeiK of the pei-maoent teeth.—DcvdopmentalJv considereH the 
peimtoent ttt* may divided into mo sets : (i) the m«e«iW/ 
which replace the deciduous teeth, end. Like then,, .m t«i in number itTw" jllT 
tod (a) ,„tA which have no deciduous ptedeceBora.^i^* 

developed behind the temporary molaps. l-he supetadded permarmT^di ^ ^ 
tbtee permanent mdars^ ti^ molar, of the de^uous set^mjr mplacS by 
perma^C p^olors. During their development tlie mccessiomd pe^enr 
enclosed in their sa« a» placed on the lipBuaJ side of ihe dedduJL teeth h^io^ 
separated f«m tium by bony porimons. the crown of the permanent tooi grow^ 
a^rppon of the bony porfitiOn and of the nwit of the deeiduoua tooth tsd<« place 
through t^ oficn^ of orWarfi. which appear at this time, and finally nothing but the 
“^dTtSe*' ranoms. This i, shed or mmnvtd, and the permanent 


THE ERUFl ION OF lliE TEETH 


The supcr^dded pcfirmncnt teeih arc devejaped in ihc cnaiincr idreRdy described, 
by extei^Dna backn'ard of tbe poRteriDr part ol the dental Lunma in ear;h jaw (p. 1369]. 

TAr ^TTipiian a/ the /w/A,-—When the caJciiication of the different tissuiB of the 
tootli is snfBcientJy advapiced to enable it CO bear tJte pr^uie to wdiich it will be 
subjected, eruption takes place, the tooth making its way through the gum. The 
eruption of tlvc deciduous teeth commences atwut the sixth month after binh^ 
and b completed about the cud nl the second year, the teeth of the fower jaw pre¬ 
ceding those of tlw upper {PL XXlV and figs. 1141 and 1145), 

C. S. Tomes gave the following as the moat usual times of eruption of the 
deciduous teeth; 


6 to 9 mouths 
8 to ID months 
ij to ££ months 
t6 to ao months 
20 to 34 months 


Lower central incisors 
Upper incisors .... 

Enteral incisors and first molars , 

Canines ..... 

Second molars .... 

Theft arc, however, considerable variations In these times. According to Holt: a 
child at the age of one year should have six meth \ at die age of a year and a half, 
twelve ; at tljt age of two years^ sixteen ; and at the age of two and a half years, 
twenty. 

Calcification of the permanent teeth proceeds in the foIJmving order in the lower 
jaw (in the upper jaw it takes place a httJe later^: the brst molars^ at birth ; die 
inebom and canines, about sb months after birth; the premoLata, at the third 
year, or a Little later; the second molars, about the end of the fourth year; the 
third tnolais, about live eighth year. 

The emption of the permanent teeth takes place at the following periods, the 
teeth of the lower jaw preceding those of the upper by short intervals ; 


First mokts 
Central inci^rs . 
Latcml ineboia .. 
First preiuolais . 
Second ptemolars 
Canines 
Second molars 
Third mohini 


6th year 
* 7tlv year 

. 3 th year 

9Ut year 
^ loth year 

1 i.th to T3tli year 
jzth to ijth year 
17th to 2.5th year 


Towards the sixth y^r, before any of the deciduous teeth arc shed, there are 
twenty-four teeth in each jaw, viz. the ten deciduous teeth and the crowns of all the 
penruuient teeth except the third molars (fig. 1141)^ 

It should be noted that tire first molars are the earliest of the permanent teeth to 
erupt (fig* 1142).^ This arratigemeiii provides for the satisfactory mastication of food 
during the period when the premolara are erupting and the milk molars, which arc 
in process of being abed, are of little value for tills puq>q$c. It is of interesr to 
obsen'e that in the eruption of both the deciduous and the permanent teeth > the 
canine appear in the interval betwiren two teeth which have already erupted. 

The precise mechanism of eruption of the teeth is unknown* Probably several 
factors are involved^ such as unequal rates of grow th of the tissues aurmunding the 
teeth, clongalion of the n>ots and deposition of bone in the alveolar sockets, although 
there are objections to each of these, e.g. a tooth may fail to erupt even if the root is 
fully developed and teeth with atuiUed roots may empL The site of cniptiun is 
determined by die dental kmiua and gubernaculum dentis which extend from the 
gum to the enamel organs and which by atrophy proAidc a * path of leaat Tesistance 
for the erupting tooth. 

Devfhpmcnl qJ iha guws.*—The gum b devdoped in two pans, "fhe lobi^t&uccai 
part lies bciween the lip-groo^-e ond ihc dental groove. It appears before the lingual 
part, grows more rapidly , and is the more protninent [ it takes the t^ef share in the 
forttLition of the adult gum, and becomet divided into segments which eormspond in 
size and number wttb the tooth-sacs. The Oirgual part is not segmented, ond its 
Burfacc mmtina almost entirely imoath* The tissue of tlie gum in advance of the 
tooth la highly vascular* and furnishes a source of nutrition for the de^-^ loping tooth* 
Apphtd Anatomy ,—a consequence of discisea such as the aeufe iTifccrive fevers, 
which cause a temponm' diminution in the eukium content of the blood, both the 
• C ^1 M- Conirsh^ Emhryoi., l 6 , 19^5. 
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dctidijoui and the pettnatient tcci^th may ahfiw defectsvc dtevctopmcnl or irrcfifular 
transverse and ^iona j this is particuiiirly the case with the lodwra. A 

diaractenstic nulfomiaiion of the two upper cmtral pcttiiancnt; Incisors is seen lit 
pfttients with jahwttcd syphdis, jtnd was first (iCTcribed by HutcUinMn. Here thtite is 
a CTOwntic notch in thr ajitcnor siirfwc and at the cutting edge of the tooth, which is 
^g-shaped, s^t^. and «t obhqudy in the gum, pubting either medial |y or lotcmlly. 
The mots of the fiisc and second upper permanent mokr lecth produce eminenoes on 


Fic. j!«,—Nc W ^titicn of a child sgrd 7 y«rt. The fit« permanent moisn. 
both upper Bitd Wf, have enipl^, md tfie pemmiieai lower CetlUml jnciMtil 
art to process of rnjphng, the miUc lower OnUral incisers having bem shed. 
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the floor of the ctiuillftry sinu*^ und the ihin \uycT of bone between the alveoh for the*e 
teeth and the flinus may Bomebmes be dtfu-iejit, only mucous Tncmbnuie of fhe ainui 
Bepartidog the teeth frotn the of the ilnua. Inftretion of these teeth can thus 

c^ily Bpreed to the AtxmSy ond^ in ejctracdoii of these teeth^ the soft dssucs niay be tom 
and the ainiiB thus made to commutiioate with the mouth citvity through the aSvecli, 
The upper teeth who« mota m in relation with the sintis jmnge from the Hrat and 
second molars a? * mirnmum to all the teeth, cxfludin^ ihr indsors, a* a toaximum 
(wp, tl 33 h 

ofOv 7 >rffA (Plates XXtV and XXV^—Normal dcnliiic* enamel and 
cement arc opaque to X-rays and thertfore appear as dense shadows. The pulp ia 
translucent and appeata m a dear area in the cmwt^^ neck and roots of the teeth, 'Phe 



fThissa-^yigMiic /dd 


Fid. 1143.—The dorsbim of the tongue. 
Pharyufpal part af ioa^e 


palalophar^n^eal art4 


Asean 

Stikm 


4 rtrA 


tuikfa 

OmS pntf 0/ 


intcrals'colar bony septat and the w'aliB of the alveoli tioittially show the chafttcteiisdc 
partem of the bony lamella: ^ ihia pattern is destroyed by abscesses or infection of the 
bone and of the tooth sockets. 

The Tongue [Lingua] (figs. 1143 to 1145) 

The tongue is « muscular organ mtunatcly associaicd with the functions of 
taste, speech and deglutition 1 it i* situated partly in the mouth, and partly in the 
pharynx. By its constituent muscles it is attached to the hyoid bone, the mandible, 
the styloid processes, the soft palate and the wall of the pharynx. It possesses a 
root, a tip, a curved dorautn and an uifcnor surface. Normally, the mucous mem-* 

brane on its upper surface is moist and pinh. 

The not of the tongue (fig. 11 la) is attached to the hyoid bone and the mandible, 
and between these bones U in contact inferiorly wi^ the Genbhyoid and the 
Mylohyoid muscles. The domiiw (or upper surface) is convex from before back* 
wards, and from side to side, and ia divided into nti anterior part which faces 
upwards, and a posterior part which faces backwards. These two pa^ are separated 
by a V-shaped furrow', termed die tulcus tentmab'i, the limbs of which run laterally 
and forwards from 3 median pit, named the foramirit to the palatoglooodl 

arches (fig. 1143). The foramen c*cum marks ihe site of the upper end of the 
thyroid diverticulum (p. 184), and the sulcus terniinalis serves as the boundary 
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hcrsTccn the oral part nr anterior Divo-thirebp and the phar>'ngcal part or posterior 
onc-thLrcL of the tongue, 'Phese tno parts differ tn the strueturc of their covering 
muL-ous mcnihrane, in their fien^e-supply and in thdr development (p. 1^4). 

The oraj^t of tlie tongue (hgs. 1143^ 1144) ia placed in tic catity and floor of 
the tnotith ; its apfx rests against the incisor teeth ; its w&rgin is free and in contact 
with the gums and teeth ; its lUpmor ^urfnrr is in rebtion with the hard and soft 
palates. On each border, just in front of the palatoglossal arch, there are four or 
five vertical foJds^ named the folia iingtur (fig. 1143)+ which correspond to the papillx 
foliatre of the rabbit's tongue. The membrane of the superior surface of the 

oral part is marked by a median furrow (figs, 1143, 1145), is intimately adherent to 
the subjacent muscle, and is covered with papill^. The mucous membrane on the 

Fio^ * *44-—The eavity of the mouth. ITie tip of ibc te^ngue h turned up^mida. 
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NMc-^Lb ihd iBi^ei Iraai whnra fhff dni.wHW w» TT»d* t!» tWfl iilliElii^itJ luntllE feimiMl * 

inferior sudacc b smooth, and of a purplish colour \ it is reflected from the tongue 
to the floor of the mouth and the gums. In the median plane it is connected to the 
floor of the mouth by the frenulum lingiue (fig. 1144)^ Lateral to tlie frenulum, the 
deep lingual vein is seen shinii^ through the mucous membrane, and at the 
lateral side of the vein there b a fringed fold of mucous membrane^ named the plica 
Jmhriadi, which is directed forwards and mediaUy towards the apec* The oral part 
of the tongue b developed from the lingual swellings of the nmndibukir archp 
and to a small eitent from the tuherculum impar (p. Its nerve of ordinary 

sensation is the lingual; its nerve of taste, the chorda tympani. 

The pharyoffeal pari of the tongue (fig. 1143) lies behind tJic palatoglossal arches 
and the oiopharyTigcaJ isthmus its posterior surface (sDmetin>es named the barg of 
the tongue) foims the anterior wall qf the oral part of the phary'nx. The mucous 
membrane covering it is reflected laterally on to the lonslb and the pharyngeal w’ah, 
and poaierioriy on to the epiglottis, where it fornui a median glosso-cpiglottic fold, 
and two lateral glosso-cpiglottic folds. It b devoid of ppiil^, but mchihits a 
number of low elevatians, due to the presence of underlying nodulea of lymphoid 
tissue, which are imbedded Lo the submucous tbsue and collectively consritute the 
Ufiguai tomii. The pharyngeal part of the tongue is developed from the hypo- 
bronchial eminence, which is dMeribed on p. 1^3, Its nerves of ordi nary' sensation 
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and of taste arc derived from the glossdpbarj’ngeal. The 

nhamifiSl nerve extend beyand the eolctw terming to supply taste fibre* to Je 
%^2e papillas, an amiogement which is explained by the forward 
^ qf the hypoi»^h>^ ctninenec derived from the third phiryngBal ardi over the 

Do^tE^rioi' PtLTt of the Lingti^ swcUirigs (p. , , r l. ’ 

^The ^illa of tiu tonetu (fig> it 43) projectiofis of the comjm. They art 

thidly dkAbuted over the anterior two-thirds of the doreum, giving 

ttocw) oismouw orouped under the terms papilla: valla *, 

Kic. iMS-^Thie «vity cf die {wnitli. 



j}«uZ arch 
—i^filtdagiosmt 

■ TofnU 


Hmi pnUiif 
Stt/l paliile 

Vmtn 


Po^Frif^r imfr 
u/ 
mrn 

the Jttu^nm 
i^km'aA 


I tn the naked eve and desired to Increase the area of 

miicotis membrane " ™ cTntact ^h the fluid « luch is being tested, the 
mucous membrane coming into eon . arranirtmeats about the 

tas^buds <p^ mSch more widespread than the paplll* (e.g. 

endinra of th ^ epiglottis and under surface of the soft palate), 

entire dorsum and ^ fnncrvaied hv the appropriate nerve of taste 

each of these regions will ^he ^Sfse arc more readily mible in the 

(facial gl^phttrym^^.^ ap^J/ng'^S ett^g P^« or a 4ndkerchief. 

living d the tongue ^ ^^ed ^ 

T?' «t .h. w. •"•> fo"” " V '»!« 

number, rbq munilcl with the lutrui terromnlii. Ercb papillr i» 

immediately m diameter and is attached within a circular depression of 

from . 1 wdTdcTr^ioi. is surrounded by a wail (vallum) separated 

the eulcL rfiff. 11*6)* Ttic papilb is ahape?d like a tnincat<^ 

from r 


ssofie 


nucous rnemonme J f “a ■'fi;;;apllla is shaped like a truncated 

‘‘S.e smaller ?nX^g sttachei to thc tongue; the broader end projects a little 
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Above ihc surface of the tongutp And U budded with DUtnerous small secondaiy 
{dermal) papilhe subjacent tn the epithelial layer. The entire papilla and the sur¬ 
rounding sulcus arc covcrcid with strati lied squamous cpiibcliuiiL 

Th^, fungiform papiUtf (fig. 1143, ^ *4 ®)j numerous than the preceding, are 
found chk-Hy at the sides and apex af the tongue, but arc usually scattered irreg¬ 
ularly and spaKngJy over the dorsuntk though eometimes they may tw numerous. 
They art easily distinguishL'd from the hliform papillft by ihcLr large aiic^ round 
shape, and deep red colour; each exhibits secondary papilhc beneath the cpi- 
thcliunu On the aides of the tongue they are fiamewltat nattened. 

The jWr/orm (fig, 1148) cover the an tenor Uvo-thirds of the dorsum of the 

toDgpix. They are very minute, conical or cylindrical in shape, and arranged in 
rows which run parallel with those of the vallate papilla^^ excepting at die apex of 
the tongue, where their direction is traiiEverse. The filiform papilla present 
numerous, secondary, connective tissue (dermal) papillae, but these are more 
pointed and contain a larger proportion of clastic fibres than the secondary vallate 
and fungiform papillae. The epithelium covering the filiform papiltis msv be 
split up into filamentous processes, each of which forms the apex of one of the 
secondary papilla; * these proceaacs are of 3 whitish tint^ owing to the th ickness and 
density of the epithelium, the cells of w'hich ate elongated and cornified. 

The popiiU simph'cfs are similar to those of the skin, and cover the whole of the 
mucous membrane of the tougue, as wcU as the larger papilbe. They consist of 
closely set microscopie elevations of the corium ; each contains a eapilJary loop, and 
is covered w-ith q>iUielium. 

The muscles of the tongue {fig. 1147),—Tlie tongue U di vided into right and 
left halves by a median fibrous septum, w'hich ts fixeil below' to the body of the hyoid 
bone. In each half there are two seta of muscles, extrinsic and tntrinsje; the 
former have their origins outdde the tongue, the latter are contained within it. 

The cxirsnne mnsdet (fig. 1149) arc ; 

Gcniogiossus. ChondroglossuB. 

Hyoglossufi.. Stj'loglossus. 

Palatoglossus, • 




The Gcaioglossus h a triangular muscle placed close to and parallel ^vith the 

Ptc. 1146.—Sechon ihmu^h ■ vmtbte pupilk. SlmnwJ ^ 

with hienutoxylm uid cpaEn, V ^ =5, ^ (Afrer from the upper 

SobetTs.) genial tubercle on the inner 

surface of die symphysis of 
the mandible, just above the 
origin of the Geniohv^oid 
muscle, and spreads out in a 
fan-Uke form. The inferior 
fibres are attached by A lliin 
aponeurosis to tlie upper part 
of the anterior surface of the 
body of the hyoid bone, close 
to the inidline„ a few passing 
betw'cen the ilyoglossus and 
Chondfoglossus to blend with 
the Middle constrictor of 
the phan'nx; the middle 
fibres pass backwards, and 
the superior ones upwards 
and forwards, to enter the 
whole length of the under 
surface of the tongue, from 
the owt to the apex, imer- 
, - - .. mingling with the intrinsic 

oppMite sides are separated posteriorly by the septum 
(p, U®*) i ^ front, they arc more or less blended owing to the 




Iffcruiti 


of the tongue (p, ijSo); in front, they 
deeu^tion of fasciculi in the median plane, 

‘ .[thOunK one of thr rawclca of iht tonifue, » mort cli>«c3y asaodnlcd 

with P1.1.IZ m miutton, fmeti™ uni orrve-tupply ; j, ^nBtaumtly dnerihod 

with ihe munelcf of wtx struelure (p. 1348). ^ 
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—The Gcjiioglossus dr^wrs the tongue for wards and proimdea tlie tip 
from the mouth. 'Fhe two muscles acting m ihtir entirety draw the median part 
of ihe Umguc downw'ards so as , . , 

1/1 mrtW *K#- <ttinprnnr siirfanp FlO, 1147 —DiBerapn of ■ ooriHiii mrauj^h tfic 

10 make the snipenor jurtaw njanitihle 

concave fram side to aide. opposite ibc Grti mokr 

The HyogEossus, thin and 
tjuadriktcral, arises from the 
whole length of tli^e gt^eaI:e^ 
hom^ and from the front of the 
lateral part of the body^ of die 
hyoid bone; it parses almost 
vertically upwards and enters 
the side of the tonguep between 
the Styloglossusp laicrallyi and 
the Infcnckrlongitudiual rmtsclc, 
medially. The fibres arisinfi 
from the body of the hyoid 
bone overlap thti^ from the 
greater hum, 

Relaiions.—'Fbc Hypgiosstis 
js in rektiun by its tvptrffidni 
furjftct with the tendon of the 
Digastric K the Siylohyoid+ Stylo- 
glosstis and Mylohyoid muscles, 
tlu? lingual nerve and the iub- 
mandibolar ganglion, die sub¬ 
lingual gland p the deep portion 
of the subtttandibular gwJ and the submandibular dueti tbc hypoglossal nerve and 
the deep lingual Vein. By its dr^p surfarr it is in ncktion with the stylohyoid lii[tamerLi, 
the Geniuglotsus, the Inferior toiiRitudinal musekp the lingual artery and the glosso- 

phaiymitcal ner%'e^ In its lower and 
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Flo, 1T4B.'—SectEQia through a fUiforni 
papilla diid lu adjoining ftingifonii 
papiMa. Suined with hxinutiKcylm 
find eo^in. ss S. 20. (Drawn from a 
preparation kindLy lent to the EditnCS 
by Dr. E. E, Hc%vcr.} 
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posterior pan, it is separated ffom the 
.\Liddle constriemr of die pharynx by the 
Ungual artery. This portion of the muade 
liea in the lateral wall of the pharynxK a 
little below die tonsil. The following 
structures pass deep to the posterior border 
of the muscle, in order from above down- 
w'ardsj the glossopharyngeal nerve, (he 
stylohyoid ligament and the lingual artery . 

Action-—^FhiJ liyoglossiid deprefises 
the tongue. 

The Chondroglossus is sometimea 
described as a part of the Hyoglosaufli 
separated from that museJe by 
he Genioglossus which pass 
ide of the pharynx. It is amut 
w.... *ong> and arises from the medial 
Bide and base of the lesser hom and 
contiguouia portion of the body of the 
hyoid bone; it ascends and blends witlj 
the intrinsic muscular fibrrt of the tongue^ 
between the Hyoglossus and Cenio- 
glossus. 

.-\ small slip arises occasionally from 
the cflrtikgo triticea in the ktcral thyro¬ 
hyoid lipment and cnicts the longue 
wi th the posterior fi bres of the Hy oglossus^ 

Action^ —*Yht Chondroglossus assists 
the Hyoglossus in depresauig the tongue. 

'Fhe Styloglo«9UB, the shortest and 
smallest of the three styloid muscles^ 
arises from the anterior and bteral stir- 
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ftc« of the rtyjold process, tiesr its ape*, and from the upper end of the stylo¬ 
mandibular ligament. Passing doUTtwanis and forwards, it divides upon the aide of 
the tongue into two portions: one, JongitudinsI, enters the side of the tongue near 
its dorsal surface, hlcnding w'ith the fibres of the Inferior longitudinal muscle in 
front of the Hj'oglossiia; the other, oblique, overlaps the Hvoglossua and decussates 
mih its fibres. 

Action.—The Stylt^lossus draws the tongue upwards and backwards. 

Nerve-supply.—With the exception of the Palatoglossus (p. IJ48I all the ex¬ 
trinsic muscles of the tongue are supplied by the hypoglossal nerve. 


Flo. I diaiectum showing the miwJr* of iIie tongue ind pbaotut. 
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The iutrinsif muitJa arc the Superior and Inferior fonRitiidinjil, the Tmnaverse 
ond the Veriical ftiu^eles. 

ITw Sujwrior toBgitudinat muaclc of the toaguv is a thin smuiim of oblique 
Slid longitiidinnl fibres immcdjstdy qnderlyi mg the mucous membrant on the dortutti 
of the tongue. Jr anses frotn the submucous fibrenjs layer ciose to the epigliittu and 
i?' ^fdian fibrous septum, and mtu forward to the Kigiia of the lonnuje. Mmc 
of Its nbres Dcir4S jjifiertol tnio the nuicous rncmhimncy 






THE STRUC rURK OF THE TONGUE 


Th« Inlmor iDi^gltudmal mtiscLt of ihc tocij{uc is & TiBrr«»v band situated 
nfl ihe under surface of the tongue between ihc Gi^niu^losaufi and 
1 % extentls him the iwt to the apeJt of the tonifuc, some of it» piistmor fibres being 
conneciied with ibe body of the hyoid bone ; in fmoi it blcntla with the fibres 
of the StyJogloasLis. 

'ihe Trarisverise musete of the tongue coneiats of fibres which iirisc from the 
OHidian fibrous septum ami pass latcially to be inserted, into the submucous fibmus 
tissue at the sides of the tongue, end tu blend with the Palatopharyngcus (p. 134^)- 

1 ’he Vertical muscle of the tongue is found nt the borders of the fore part of 
the longue. Its fibres cjrtcnd fiom the upper to the under Jiurfece of the organ. 

Nerve-supply,—The inmnsic muscles of the tongue arc supplied by the hypo- 
glosad nerve. 

Actioiif.^The intrinsic muscles arc n^inly concerned in wltering the shape of the 
tongue i thuSn the Superior and Inferior longitudinnl muscles tend to shorten it, but 

Fig. 1150.—A dhseeben of the under surface of ihc tongue. Gei ihi: rigbE ride 
(left Side of figure) the mueoiu membmne has been removed, mid the Inferior 
l□^gitudillAl tniudc hti been dirided and partially rweted. 
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the fiirtnur, in addition, tutus the tip and sides upnnrds *t> u t<i render the domum 
concave, wliik the latter pulls the lip downwards and renders the dnrsum con Vest- 
The XnirisverM miisclc nom^WT^^ and elntigates the tongue* and tlirc Vertical muscle 
fiattens and hroadena hi. Movemenfs of the tongue are concerned in speech, masti¬ 
cation and deglutidon. 

Structure of the longuis.—The tongue ennaists diJcily of striat^ miuculBr tissue, 
hut IS partly invested by rnueous membrane and a submucous fibrous l 4 y^» 

'Fhe mucous membrane covering the under suriket of the tongue is thin* amuoth, 
and identical in stniictun? with that lining the rest of the oral taviiy^ ITte mMCoui 
memhiane of the pfijiryngcal part of the dorsum of the tongue a thick and freely 
rno^'able over the subjacent partSu It contains a large number of folliclca of lymphoid 
tissue j eich follidc forms a rounded eminence^ in the cetitft of which there ii ■ 
minute orifice lea^ng into a funneUshaped cavity or recess ; numerous round or oval 
nodulea of lymphoid riBSuc, each enveloped by a capsule derived from the ^bmueoua 
fibrous layer* an: groups aroLind this recess, which rtceii'ea the openings cf the ducts 
of some mucous glands in its fioor. The mucous membrane on the oral part of the 
dorsum of the tongue is thiUt ultimately adherent In the fnusculnr tissue, and eov'eredl 
w'ith numerous popill^^ (p. 1375)* it consists E>f a layer of connective tissue (the 
rori^rm) cot'cred with epithelium, 

'Fhe cpitheliLun ift of the stratified squamous Viiriety, simiLsr to, but much thinner 
and less complex ih^ that of the sJtin; it invests each papilla from root to lummit. 
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The forittm consUriL of a deiue feJt-wdrkof iiibrau!i connective tiuuet with nmncitius 
dastic fibres, fintily united ^v'tth the fibrous tissue bcl^'cen the muscuiar bundles of tile 
tongue. It cofitains the romiflciitions of iht numerous vessels and nerv es from which 
the papillu: nre supplied, \ bt^c plexuses of lymph vessel? and the gJ^ds of the tongue. 

Glands of llu Tongue is provided with mucous and semus glands. 

The murimsglrnds are similar in utrueturc to the labial and buccal glantlsn They are 
nunicmus in ihe poaiertor one-third of the tonguet behind titc vallate papJIliti but 
*rc also present at the tip and margins. In this eonnexion the ttntmor tiagual glimtis 
require special iroilce. They are situated on the under surface of the tip of the tongue 
(fig. ti jo), one on each side of the frenulijm, w’here they ate mvered by the mueous 
membf&ne and by a fasciculus of muscular fibres dcrive^i from the Srylogiofisus and 
Infcnor longitudina! muBcIcs. They are fmmi 12 mm. to 50 mm. long, and ahouE 
^ nun. bruad ; cuch consists of mucous and serous ahcnli, and opens by three nr four 
ducts tm the under surface of the ifp of the longuc. 

The itrmitglaitdi occur in the neighbnurhrHKl of the loste-buda, their ducts opening 
for the most part Into the sulci of the vudate papillEe (fig, 1146), Thtsc glands are 
racemose i ^ duet ol each blanches into several minute duciSt which end in alveoli 
lined by a single layer of columnar or potygonat epithelium. Tlieir secretion is of x 
witery nattirt, and prnbabty assists in distributing the substance to be tastied over 
the taste area, as wclJ as in washing away die aubstidiceafter it has been touted. 

The of the tongue is a mcdiBn fibrous partition which extends thmugbout 

the lenglh of the organ, but tloe* not quite teach the dore-um ; it gives ongm to the 
Transverse lingtiul muscle, and is well displayed in a cumnal section of the tongue. 
Pustenorly it expands In a titins^'erse direction and forms svhnt rs knotvn as the hyu^ 
ftiosttd ftMtihratfr I ihifi membninc connects the root of the tongue to the hyoid brme, 
ojid givt^ insertion to the irifej-kir fibres cf the Genioglossi, 

Vessels acid Nervta.—'iTie main arttry of the torLprue n the linguul bntneh of the 
esttmql cam till artery (p. 74®). but the tuasillar branch of the facia! and Ascending 
pharyngeaJ arEcries alto give bnmehe^a to the root the organ. HietT/wi are dcBcribcd 
on p, 843. 

The lymfih sriieh a/ fAe irntgue arc described on pp. S8i>, 891. 

The taifu/y nrrvfs of thf tongue are ; (i) the lingual branch of the mandibular 
neriCp which 11 ihe ntOi'c tif ordinary sensibility for the anrenor two-ihirda of the 
tqngtie ; (g) the chorda tympani branch of the facial ncnc (p. 1118), w^hich runs in the 
iheith of the linguxi nerve, and ia the ncre'e of taste for the anterior two-thirds excWis'e 
of the vallate papill* (p- 1375I : this nerve Is derived from the irenux inremtedius ; 
(3) the lingual bnmeh of the gtcwsnpharjT^et*al nervcp wliiLh is diudbured t« the 
muenus membrane at the hose and aides of the tongue, and to the valUiie picpillEe, 
and is the nerve of tiiiie and of gcnenal scnsibiliiy for this region ; (4) the superior 
tanmgeal nenx fp. 1133), which sends tome fine bnitrehca to the part immediaielv 
in front of the epiglottia. 

Applied Anaiomy ,—Congtiniml cysts and fistuhe may develop from permisreni 
remains of thyroglossal duct fp. 1^4). 

Jt if the attachment of the Qenipgl^l to the genial tuberelcs on the inner suffac« 
of the symphysis of the mandible which prevents the tongue from fading hack and 
oltstructing reapirefion, and, therefore, an^theLi$re pi;|| fatwTird the oiandibEe to get 
live full bcnefil of tliis crutnexion. 


The Fai^ci™ (OitopiiAftYNCEAtr {fig, 1145) 

The aperture by which the mouth communicates with the phar^tix is called the 
isthmuf/attaum. Above, it ift bounded by the soft pabic ; bclawj by the dorsum 
of the tongue ; and, at the sides, by the palatoglossal arches. 

The ^lalt^lmsaf areh runs downwards, laterally and forwards on each aide from 
the inferior suiiBceof the soft palate to the side of the tongue, and is fo™«l bv the 
projection of the Paktoglossns (p. 1548J with its covering mucous membrane. ^Thc 
approximation of the airhes, which helps to shut off the mouth frotn the ora! part of 
the pharynx, plays an important part in the mechanism of deglutition (p. t jtjo). 

The Pharvsx 1151 - 1157 ) 

The pharyM is the part of the digestive lube whidi is placed behind the nasal 
cavities, die mouth and the larynx. It is a muRCuEomembranaua tube^ from 12 tn T4 
cm. long, which extends from the under surface of the akuH to the sixth cen-'ieal 
vertebra opposite the lower border of the cricoid canilage. Its width lb grcate&t at 
its uppermost part, where it measures 3-5 cm.; at the junction of the pharv^nx with 


THE PHARYNX 






























































































































































































SPLANCHNOLOGY 

I'hc nasal part of the pfaaryme * lies behind the noae and above the Icvd of the 
Adft palate^ With the exception of the ^f>ft pabte its walls are iffumovablei and 
conscqncniJy ita cavity is nc%'Or obliterated ; in this respect it differs from the oral 
and laryngeal parts, and resembles the nasal cavities. In front 1151) it coni- 
municates with the nasal cavity through the posterior apcrturca of the nose ■ 
tliesc nieflauie about 25 mm, verttcaJly, and 12-5 mm, transversely, and arc 
separated by the posterior edge of the nasal septum. Between the free e<ige of 
the soft palate and the posterior wall of the pharynx the nasal and oral parts of the 
pharynx coxiutiunicate through an opening, termed the pharyn^Eiti htkmus ; in the 
act of Swallowing this opening is closed by the cLc%^ation of the soft palate and the 
contraction of the Palatopharyngeal sphincter (p. 13^9). The fai^ai tcEtH, on each 
aide, presents the pharyngeal opening 0/ thr auditory^ which his r-o cm. to 
1-25 cm. behind and a little bcluw the posterior end of the inferior nasal concha. 
Sfpnvcwhat triangular in shape, this opening is boynded above and behind by the 
tubal (levaiiony a firm prominence which is provided by the underlying pharyngeal 
end of the cartilage of the auditory tulvc {p. 1 ^75)- The prominent postcrirjT margii^ 
fadlitatcs the iniroduclkm into the tube of a catheter which has been pa.ssed through 
the narea and alnng the fioor of the nasal cavity. A vertical fold of mucous mem- 
brane, termed the satpingopfiaryngraifold, stretches from the lower pan of the tubal 
elevation dmv awards lo the wall of the pharynx ; it contains the Salpingopharyn^^r 
muscle^ A second and smaller fold, termed the ialpingopuklifif fold, scnclches 
fforti the upper and front pan of the elevation to the palate. The Leva (or veli 
palatini, as it cnicrs the soft palate, produces an elevation of the mucous membrane 
immediately below' ihe pharyngeal opening of the tube (fig. 1155)- Behind the 
rubai elevation the mucous mcmbiune lines a recess of vamhk depth, termed the 
pharytigfaf rmsr. The roof and postait^r tetff/ fuim a continuous sloping surface 
which inclines downwards and backwards. It is supported mainly by the bs^iilar 
part of the occipital bone and, to a leaser extent, by the posterior pan of the body 
of tlic sphenoid, in front, and the anterior arch of the atlas, below, A collection of 
lymphoid tissue, best developed rn children, lies in. the mucous membrane of the 
upper pan of this surface and is known as the pharyngtal tomil. 


The pharyngeal fonsil is vkibk- to the naked eye during the Idler of 

icetal life and usudily incrcii!»a in size up to the age uf six or seven years, after which It 
not infrequently bcj^na to atmphy. In a child of eighteen months ft forms a forwardly 
projecting pyramidal pmmincncc the opei of which is near the nasal septum, and the 
hose ml the Junction of the roof and penterior wall of the niisal part of the pharyTUf- 
The prominence consists of a number of folds which radiate forw^rda and tafernlly 
fTorn a mcdiaii teccas^ termed the plmtyngwt bttna^ w hich njiis upwards anti backw^ards 
for some distance into ita substance. The foJOa conust mainly of diffusa lymphoid 
lissye^ but there ore also some deeply placed mucous glands, "Jlie phsrvngeaE bursa 
bci close to the base of the pharyngeal mnsi! and presents the appeonmee of a 
bUnd reccas^ In the embryo, the notochord lie* for a short distance hfiaw the base of 
tile okulL in the ^giVm of the dev'eloping basilar part of the occipital bone (fig. i j6, 
p, 107) ; here it is iLtiiched to the endodem^ forming the roof of the primitive 
pharynx, and with subsequent gnawth of this region, the notochordil attadunent 
dTVK 9 out an angled recess of the cndcikrm (the ptjuch of Luschka) whtdi forms 
the phary ngtal bur^. The lateral prolongation of the phar>'ngcal lonnil behind the 
phflr>Tigeal opening of the auditory tube hi known jits rht rfd;>4t^ lomil. 


Tlir oral part of the pharyni reaches from the soft palate to t3ie upper bonier 
of the epiglottis. It opens anteriorly, through the oropliatyngtual isthmua, into the 
mouth and faces the pharyngeal part of the tongue. Its lateral wiill presents die 
paUtopharyngeal arch end the tonsil. Posteriorly, it is supported by the body of the 
second cervical vertehrsi and the upper part of the body of the third. 

'fhe pitiatapharyii^tuf arfh lies behind and projects farther towards the median 
plane ihiui the palatoglossal arch : it runs douiiwards, laterally and backwards 
from the margin of the u™Ia to the side of the pharynx, and 'is fumicd by the 
projection of the I'datopharyngeus (p. i ]48), covered with mucous membrane’ On 
each side the palatopharvii^al and palatoglossal arches arc separated hv a triangular 
recess, (he tonsiitiir lintif, in which tlie tonsil is lodged. 

The palatine tonsils (fig. tr+s) arc two masses of lymphoid tissue, sitiiaicd in 


* 7^* I w). frtin " «;idy of the compamiive aiui^mry ef ihc »fl 

palate, bel^voi that the mm! part of the pha^oji ‘ m man tit really . part of the h»m I cavitiea, 
and irut the »ft palate really ttp 4 tiUca ihc plui^^nx fwm the ii*saE chlirnbers. 
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the lateral walla o( the oral part df the pharyns. Each tonsil lb placed ifi the tri* 
BOgular recess (fotmilar simus) between the dn'ci^^ing palatoglossal and palato^ 
phanTtgeal arches- Its medial surface is free and fomis a conspicudiis pmjcctidn 


Fio, 1151,—A edronfll Hcetfon tkroui^ the ton:pil tn jtVk. DLigrtmtnatk^ 



into the pharj^na: dkiring childhood, but the sisse of this projection is not a true 
indication of the size of the organ. Ets deep, or lateral, aspect extends upwards, 
downwards and fomarda beyond the limits of the medial surface and is imbedded 
below the level of the mucous membrane, [nfedorly, it extends into the dorsum 
of the longue: superiorly, it invades the soft palate; and, iuteriorlyi it may extend 
for some distance imbcddi^ beneath the paklngloasal arch. The tonsil is variable in 
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size and is fmcquetitly the scat of inflamniator)' changes involving hypertrophy. As 
a resuU h is difficult to decide w’hich of the many varieties encountered is to bt 
regarded as nomiid. in late fetal life, a free fold of mucous membrane, which 
cxtendB backwards from the pabtciglossaJ arch, eovera the anierior-inferior part of 
the tonsil and is tcmcd the ph^ iriimgutr^is. In the child this fold Is usually 
Invaded by lymphoid tissue and becornes incorporated in the tonsil ^ it is ojirv 
rarely present as a small, free fold which extends backwarda from-liie lewder part 
of the palatiiglossal aichi. 

The upper part of the tonsil contains a deep intrrttJifnnN^ ckfi, frequcjitly and 
erroneouely termed the tupraionsiitar fotsa. ’'fKis cleft does not be above tlic tonsil, 
but actually In Its substance^ and its upper ^vaU contams a ([uantity of lymphoid 
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tissue (fig. 1 152) which may reach a large si2c and extend into the 50ft palate. The 
mouth of the cleft is semilunar in shape and ia paraild to the curve of the dorsum of 
the tongue. After puberty the imbedded part of the tonsil diminishes considcrahly 
in size and the projecting medial surface becomes flattened and much less profninem. 


Fm. I [f4.^Tfac Buieemmcir and the of the phiif>'nx. 
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The frre of the tonail presents from tw^elvc 10 fifteen orifices leading into 

deep! narrow^ recesses^ tenutd the ti^miiiar nypis, which penetrate nearly the whole 
thickness of the tonsil and from which numemua rollicIcB branch out into the 
tonsillar substance. 

'Hie laMoi or ^ur/ai^ is covered by a layer of fibrous tisaue, termed the 
iapsulr. Jn most of its eJrtent the tonsil and its capsule am easily be separated from 
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Rsdiognph of the tmall Lntoitiiie after a butum nicaL. The 
I feithcry ^ appnnnce ii due to the pmence of the di-pj|u- folde 
in the diucxma coat. 
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^([tograph oi chc kige iotfirinc idtcr ■ bdiium morm, i= ri^t 
Qdlic Bfizufc \ 1= left coKie Tht Sirrem' peintm to the EiicmDid 

liTokm. Note ft«pcubtion« (hauatr^tieru) of the gyt^ jmd the 
difTcrent Icvdj of the two flflcum. 
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|J1 fbdcf tiul the lEtna^ra cn^lu b« diinlmyn^ atkdmCV^y^ tlm hcidJE* of thf KT^kil wwtteAirm 
^aw remaned lAd Um cm poticcibc w^lt «f tm p^Hfyiyt Umi dxiwii b«i*Mdj lud kufmll^. 

Tfae ]^ttlalaf?l]«i: 7 nccU 9 a dnHrn hxkWxxdM to i^aoW l!w trpptt fif tb« Infciii^ EmntneWk 

iikI th* dornmn cf ih* Imvw k d4T#wn fnwnfd* to 4ki;il4:r i p«t of th* imp™ 

imjcml brtmen ihti ttiftndiWkr uul iJa hbrt* of ofiitiA of ib* Suptrior carpCnctiM-. 

V'udous hsemorrhage from ihc upper an^lc of the toiisihar sinus somecinies cn- 
coonicreil 'm cjccision of the tofisih* The muscukr wall of the tonsillar sinus 
scpsitaics the tonsil frum the ascending palatine artery and^ occafionallVp fnim the 
facial artety itself (p, 74a), w hich, if very tortuoosi may be ven^ closely retated to 
the pharv'ngcal wall oppe^site the lower port of the tonsiL The tntemaJ carotid 
artery lies 2 -$ em* behind and htenil to the tonsih 

The tonsils form part of a dreubr band of lymphoid tissue which guard^s the 
opening into the digestive and respifatory tubes* The anlenor and bvver part of tlte 
ring is formed by the lingual tonsil ; the lateral portions consist of the tonsils and 

• O. BxOMne, J. 63, teaiip 
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Flo. 115^.—Median ugilExI section of %h^ aJiowfug n disicctipn of the 
ioicoor of the tihjir>'nxp after the rerooii'al of thc^ ntuemu Tnicmbranc. 




the muscular wall of the pitjjry nx, which t& formed tn this situation by the Superior 
constrictor musclewiih the Siylfjglossus on its lateraJ BidefHje^. 1155)*" Al its antero¬ 
inferior part the capsule h hrmly connected to the side of the tongue^ and behind 
this point it receives the insertion of some musailar hbres of the Palatoglossus and 
Palatopharyngeus. fn the latter situation the tonsillar ancry^ which i* a brunch of 
the facial aritTy^ pierces the Superior constrictor muscle and at once enters the 
tonsil, accompanied by two ven* eomilatites. An importanL, and sometimes Large, 
palatine vein (the external palatine or * paratonsillar vein ') descentls frotn the soft 
piiliite acm^ the lafcfxil aspect of the eapst/le of the tonsil before pierdug the 
pharyngeal wall (fig, 1152). I* ^ this vessel which is responaihle for the excessive 
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ihe Ivmphoid collections in the vldniiy of the auditory ; the ririfi is completed 

hehiiid and alwve by the tonail (p. 1381), Sinisller collcerion* of 

iyniphuid tissue flrer found 'm the im^rrtals bet^veen these main masses. 

Suifucc Anatamy.—*Vhc tonsil lies behind tbc diird lower motif tooth mnd « 
reprcsenttci by an oval aM over tlw louder part of the maaiicEcr muscK a little above 
add in front of the angle of the mandible^ 

Structure^—The crypts of the tomtil are lined by iitratificd ^iiamoui ■rpithtHuin, 
which is contiTiuoiH with that of the mucous mcmbianc of the phatynx, and is invaded 
by numerous lymphocytes ^ some of the lairer pass into the mouth and form the 
•o-ialJeJ salivary corptiscles. Tlic tonsil cons is ta of lymphoid tiasuc w'hicli h armufled 
in nodules or foilielea, 'ITie lymphocilcs am ks$ dosely packed in the centre of each 
nodule, which is described as a genn-^nnirc^ because muldplicatinn of the lymphocylea 
fljcws on in this situation. Hie crypts may contsin chc&sy ptuf^s of living and dead 
lymphocyi^t bacteria and desquamated epithelium ; these plugs may be gmduDJly 
eliminated or ouiy remain and become ealcLficd ; tlw bactenn may caiue local infection 
and suppuration or l>c aSisorbed and cause genend infcL-tion. Unlike lymph node*, 
there are no lymph sinuses (p. 8!iu) in the Tunsil nnJ it has no alTerent vcaficls, but a 
close plexus of lymph ves^wi^ls surrounds each follicle and ftorn it the lymph vessels 
pass TO the upper deep cervical Ijmph rlndcs, fmkt eapedally to the jugulodiga^tdc 
l^mph node <p- SSj). 

Vessels and Nerve®.—'Hie chief artety supplying the tonsil is the tonatllar 
bmndi of the fBciil artery- In addition, it may mccpvc w few twigs from the do™! 
lingual branches of the lingual srtejy* the ascending palatine branch of the facial 
artery, the ascending phar^^ngeal artery, and the greater palatine branch of the 
pupillary nrtery. 

One or more leave the lower part of the deep aspiect of the tonsil and at once 
pierce the Superior constrictor musde to join The ^pBiatonailtar^ pharyngeal or facial 
veins. 

The irfFTYr arc derived from the ptery-gnpylatine gimgUon, ihiriugh the middle and 
posterior palittine nerves, and from the glossopharyngeal nerve. The latter^ through 
it® tympdintc branch, also auppUes the inucoiiv membrane of ihe tympanic carity ; 
hence toTj3d litis may be accompunietl by pain teferred to the car. 

The laryngeal part of the pharyoi teaches from the upper border of the 
epiglottis to the lower border of the cricoid cartilage, where it is conritiuous with 
the cESOphagus. Its anterior wall presents, from above downwards, the tnkt of the 
larynx (p, 1309). the posterior surfaces of the aiytenotd cartilages and the fHDStcricir 
aspect of the criwtd cartilage. A amall recess, termed Xhzpiriform foi$a, lies on each 
side of the Laryngeal orifice ; k is bounded, medially, by the aryepigtottic fold and, 
latcrallyi by the thyroid cartilage and the thyrohyoid membrane. Beneath the 
mucous membrine of lije piriform fossa lie the branches of the internal laiytigcal 
nerve after they have pierced the thyrohyoid membrane ; foreign bodies may lodge 
in the pirifomi fossa and, if the instrumcnl employed to remove them pierces the 
mucous membrane, the nerve is liable to be damaged, with consequent ansesihesia 
of tluE part of the m ucous membrane of the larynx supplied by tlie nerve. Posicrioriy 
the latyngeal part of the pharynut is supported by the bodies of the third (lower part), 
fourth, fifth and sixth (upper part) cervical vertebrae. 

Slructure.—phary™ is composed, from within outwards, of three coats ^ 
mu£OU9^ libfmii and muscular, the last belne covered by the thin buccopharyngeal 
fsscia. which cover® the outer eurface trf the Consiricmr muscles and extends forwards 
Qvtt the ptetygomindibuUr raphe on to the Buccinator muEcIc, 

The Feufom f<xit js conlinuOua with that of the auditory tubes, nasal cavity, 
mouth and brjTix. In the naaal part tif the pharynx its cpiihelium is coluinnar and 
cihated ; in the oral and laryngeal portions it la stratified squsmuux, BelWI^eu the 
region covered by ciliated columnar epithelium and that covered by sq^iamous 
epithelium, dsere is a narrow intermediate Mne where the epithelium b cubical, and 
the cilia are impcSect or abaenr. Superiorly* this lone lies near the nasal septum : 
laterally it pawea m^er the orifice of the auditory tube and inciinn backwards nt the 
union of the soft palate with the bieml wall (m ttho pp, 1346, eiSu). Racemoae 
mucous glands an; found beneath the mucous membrane, and arc esprciqlly muncrous 
at the upper part of the pharynx arcFund the orifices of the auditory tubes. 

The fikfous toat Is sJnuitcd between the mucous and muscular layer®. It i$ thick 
above (pharyngoboailar fascia} wher^ the mu.scular fibres are wanting, and U ftEtnly 
connected to the basiUr porrion of the occipital bone and to the petrous part of the 
temporal bone medial to the carotid canal, bridging under the auditory tube and 
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extending fon^ank to be to the pfJsTcricir boj^dcr the medial pter^'goitl 

pluce snd to the pterygmufindibular raphe- it descends it ddninijiKes in d)ielkn»9> 
and k lust, tt h strengthened posteriorljr by a stronit fihnnu band» which 

in Attached above to the phary n^etd tubereic on the Linder AUrfsec of the hAsikr portion 
cif the tieeipilAl bnneK aitd passea downwards us a median tapKic {ihe pharyti^taf raphe) 
which gives fliisehnient to the ConstrietcT museJes. 

'The muieuiar root consists of the musete^ of the pharynx. 

The mtiseles of the pharyiui ffigs. 1141^+ 1154-1156) arc : 

Constrictor pharyngia Luferiof, Stylopharytii^eiis. 

Constrictor pharyngts tnedius. SAlpingopharyngeus. 

Constri clor pharyngis superi or. PaJatophAryngcii®. • 

nitc InfeHor constrictor muscle of the pharynx is the thickest of tlie con- 
sKracisirs and consii^t!^ of two parts^ ihc Cricopharyngeus and the Thypopl^arjTgeySi. 
it fig. 1087) from the side of the cricoid cartilage in Ltae interval between the 

origin of ihe Cricothyroid in fronts and the articular facet for the inferior of 
(he thyroid cartikgc behimJ [Crtcaphtiryitgeia). It also arises from tlse nbltque Kne 
of the landhA of the thyroid cartilage, from a atrip of the surface of the lamina 
behind this iifiCp fmtn a line tendinous band, which ts thrown across the Cricothyroid 
mui^lc inm the infcnDr thyroid tubercle to the cricoid cartilage^ and, by s amaU 
slip, fmm the inferior horn {Thyropharyn^ttu). I’he fibres spread back^^ards and 
medially^ and are inserted with the muscle of the opposite aide into a fibrous raphe 
in the ptm^terior median line of the pharynx, M'he inferior fibres^ which are hori- 
^ntak art cohiinuous with the circular fibres of die ccsophagua and auirmind the 
narrowest part of the pharymx ] die rest ascend obliqueEy, and overlap the Middle 
constrictor. During swallowing, the Cricophaiymgeiis acta as the * sphincteric ^ 
part of the muscle^ while the 'riiyropliaryngeua acts as the * propulsive ^ part; 
failure of relaxation of the Cricophaiyngcus may resuli in 9 herniation of the 
pharyngeal mucous membrane posteriorly between the twi> parts of the muscle 
(miscalled ^ prcssure-divcrticulum of the tetophagui ^), 

HeLatiOtis,—The Inferior constrictor is covered with the buccopharyngeal fascia. 
Bfhind, the muscle is in relation with the prevertebral fDacia and muscles ; ialernity^ 
with the thyiuid gland, the common corodd artery, and the Slemothyroid; by its 
intemiti with the Middle cotiStrEctor, the Stylopbaryngeus, the PalatopharyTi- 

gcus and the fibtnus coat. The internal huytigeal nerve and the iatyngeal bnmdh of 
the superior thyroid artery run to the thyrohyDJd membmne botiveen the upper 
border of the Inferior constrictor and the lower border of the Middle constrictor. 
^Fhc external laiy^ngeal nervT runs down on the superflciaL surface of the muscle, }ust 
behind the ortgin from the thyroid cartilage^ and pierces the low'cr psrt of the muscle. 
The rccurteni laryngeal nerve and the iHryngeaJ branch of the inferior thyroid urtcry 
fucend deep to its low-er border, before they enter the laryni. 

'l"hc Middle constrictor muscle of the pharynx b a fan-shaped tniificle 
w hich arises from the lesser hum of the hyoid bone and the lower part of the stylo- 
hyoid ligament [the chondtopharyngtal part of the muscle), and from the w^hoJe 
length of the upper Uirder of the greater hotti of the hyoid bone (the ccr^tci- 
pharvTigea! part). Hie lower lihrefi descend deep 10 the Inferior constrictor, as far 
as the inferior end of the phaiyTO, the middle fibres pass transversely, and the 
upper fibres ascend and overlap the Superior constrictor* h is inscrtcdi with the 
muscle of the opposite side, into the pt^sterior median fibrous raphe. 

Relations.—'Fhe Middle eotwtnctor is sepanited from the Superior constrictor by 
a imall interval, through which pass ibe g|d«aophiLryngtaL nerve and the Stylo- 
pharyngcus muscle ; and from the Inferior constrictor by the internal laryngeal nerve 
and larj'ngtul brainch of ihc superior thyroid aTterTi% Behind, it is related to the pre- 
venebral fascia, the Longus cervick and the Longus capitii. Lt2iiniif\\ it ra in rchiljon 
with the carotid vcRsels, the phariiTigcal plexus of nerves and some lymph nodes. 
Near its origin it k covered with the Hynglnssus, fmen which it is icparaied by the 
linguaE aner>\ Iti intenmi iurfate lies upon the Superior constrictor^ the Stylo* 
pharyngeus^ the Fdatopharyngcus and the fibrous coat. 

'I'he Superior consirLctor muacle of the pharynx is a qpAdribtcral muscle, 
thinner and pakr than the other two* It arises from the ptervgoid harruitus, and 
^metimes from titu adjoining part of the posterior iTWfigin of itie medial pterygoid 
plate, from the pterygomandibular raphe, from the pisterior end of ihe mylohyoid 
* The I'aliLiephiryngeu* U dweribEd with the inii$cl« of the pskie (p. 134ft). 
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Uni: an ihe imwr wirfaLu of the mandible, and by a few fibre* from the aide of the 
tonppie (fig. 1155). Accordijag to the different parts of the origin of the muacic 
(as above), the Superior constrictor consults of the fuUowii^ parts: pten'go- 
pharyngeal, buccopharyngeal, mylopharyngeal and glossopharyngeuL The fibres 


Fig. 1156 ^—The muficlc« of the pharynJt; pa&l«rkr view* 
(From Qunin^i XE. Ed.) 
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curve bftcktvgrd.^ to he iti3>ertcd into tlir niedkn raphe, being d^o pmlonged by 
inc«n 3 of an aponeuro^k 10 the pharyngeal iwberck m the basihr part of the 
cKcipitid bone. The superior fibres arch beneath the Levator veli palatini and the 
auditory tnlic, .^n interval txiste between the upper border of the mu^le and the 
base of the *kull to give passage to the anditory tube- It ia bounded in front by 
the medial pterygoid pbte and is closed by the pharyngobasikr fascia (p. 13S6). " 
A constant b^d of muscle fibres arises from the anterior and taierol part of the 
upper aurfacc of the paladnc aponetirosie and weepa backwards, lateral to the 
Levator veli palatial, to bJend with the inner surface of the Superior constrictor 




THE MUSCLES OF '['HE PHARYNX 13S9 

miack ne^r its upper border (fig. 1157). Wliilli# * hm termed this bmd ih^Palata- 
pharyngeal tphinctfr and has poinicd out that it producer a mundled ridge 00 the 
phatyngeal ivall (known as the ‘ridge of Pawavant"), which can he seen when the soft 
palate is elevated in the lining. These fibres are much hypertrophied In cas« of com^ 
picte cleft palate. The change from the columnar, ciliated," respiratoty * cpitheltum 
to the stratified squamous epithcliiim on the upper surface of the soft p^te takes 
place where the Falatopharymgeal sphincter is attached to the palate (p. 134^)^ 

Relations.^The Superior conairictor muscle Is In relation hy its txtemat surface 
with the prcvcrTcbral fascia and muscles, the ascending pharytigeai artery nnd phaiyii* 
geai vciioua plexus, the glosSopharyTigcal und JingusJ nen-ea, the Styloglossus, 
Middle Constrictor and Medial pterygoid, the stylohyoid ligament and the Siylo* 
pharyngeus. The internal carotid artery, the symparheric itunk, the hypogloAsaJ 
die internal jugular vein and the styloid pitK^^ are more distant rekdons. 
By its iVrrrmo/ mrfM it is in nelatiDn with the Palstopharyngcus^ the eapsuk of the 
tonsil, and the phar^Tigobasiler fascia. Its upper border is separated from the base 


Fio. ti57.—A dissecdoa to ahow the tnus^left of the left half of ihe soft palate and 
the adjoining part of the wall of the phjuyTii. (After UliilUi.]! 
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of the skull by a crescentic Intcrvol In which the levator veil pakiini. the Tensor 
w\i palfllini and the audiiory tube are situated. Its lower iKarder is seporsted Frons 
the Middle constrictor by the Styltipharyngeus and glnssophin'ngeBl ncr%^. Infrtmi 
it is scparalcd from the Bucciifiator by the pteiyuomnndjbuTar mphe. 

NervMupply.—The Constrictors of the pharynx arc supplied by the pharyngeal 
plexus (p. 1129). In. addition the Inferior constrictor receivea branches from the 
externa) and recurrent laryngeal nervesn 

Actions.—The actions of the constrictor muscles are dEscribKion p. 1391. 

The Sfylopharyngeua (figs. 1149, 1155) is a long, slender muscle which la 
cylindrical above and flattened bdow. It arises from the medial side of the base of the 
st>'loid process of the temporal bone, descends along the side of the pharynx^ passes 
between the Superior and the Middle corratrictorSp and sprrads out beneath the 
fimooiis membrane. Some of its fibres are lost In the constrictor muscles and in 
the lateral glosso^cpiglotiic fold* w hik others are inserted w^iih the Pabtophar^Tigeus 
into the posterior border of the th^Toid curtilage. The glossopharyngeal nerve 
winds round the posterior border and the lateral ride of the Stylopharyngeua muscle 

* J, vrhinis, % 6 $, 
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and through the interval betm-cn the Superior and the Middle irondtHctor^ 

to reach the tongue. 

Nerve-flwpply.—The Btylopharyngeus is supplied by a branch from Lheglos&o- 
pharyhgcjtl nerve. 

Action^—AVe * Tlie Mechanism of Deglutition/ 

The Salpingop^ryngeus (fig. 1114) arises from die inferior part of the 
carEilage of the auditor)' lubc near its pharyngeal opening ; it passes downwards 
and blends with the Pnlatopharyogeiia. 

Nerve-supply.—rhe Salpingopharyngeus is supplied by die pharytigeal 
plexus. 

Action.—he Salpingopharyngcus raises the upper part of the latenil tvall of the 
phan nx^ i.c. dae pan above the attachment of the Stylopharj-ngetis, 

Vettfli md Nmm .—The atferia suppiylnf the pharyinc are derived from the 
ascending phjtri''ngeaU the ascending palatine and mnuilisj- branches of the facial 
artery ^ branches of the maxiLEar)' artery (gieatcr palatine^ pharyt^S^ and the arterv of 
the pterygoid canal) and (he dorsal lingua] branehca of the Jingual artery. The rWnj 
form a plciut which cammunicates above with the pterygoid plexus and drains into 
the internR] jugular and facial veins, 

'Vhc vateh ore described on pp, 8SS and 3o(. 

The new-jwpp/y is derived chiefly from the pharyngeal plexus which is formed by 
branches from the glos^pheryngeah vagus and syrnpathetic. The principal 
dement is the craLnid port of the accessary nerve, wbkh, through brnnehes of the 
vagus, supplies all the tmuclea of the pharyM und soft palate, except the Stylo- 
pharyngeiia (supplied by the glcissoplmiymgcal) and the Tensor vdi paiaiini (.supplied 
by the marsd^hular nerve}. I'he main Kwroiy nerve* arc the BlossophaTyniprql and 
vagus ; much of the mucuLi# membrane of the nnsat part of ibe phai^^ is supplied 
by branches of ihe maxillaiy^ rieiTi'c (ihroiigh the prcry'gopalaiinc ganglion) i the 
■nuctiiia meinbiane of the soft pdotc is supplietl liy the miOdlc and poaicrwr palatine 
and ^itioaopharyTiitcftl nervei \ the tonsil !:■ mpplied by the iitlassopluifYnfiEeal and 
middle and posterior pdatinc nerv^es. 


.MOVEMENTS OF THE SOFT PALATE 

The movetntate of soft palate play at) impoitani part in deglutition, in speech 
and in the act of blowing, and involve a greater or |««r degree of dcpaute of the 
pharvngeal athmua. nwessiiaitd by these acta. The closure is maximal in blowing 
out through the mouth, when it is c^ential to prevent entifelv the escHpe of air 
^roggh the nose. In deglutition closure of the pharvngcal isthmus prevent the 
food from pacing iniu the nml part of the pharj nx, whilst in speech the cliMure is 
masunal tit the production of the explosive consemanta, 

Ciostire of the isthmus Is brought about in the following wav. The two 
Levatwes vdi palatini pull the soft palate upwards and backwards' tmvards the 
posicrinr pharyngeal wall. Coincident with this ftiovenieut the fibres of the Palalo- 
phmngeal sphincter raise a rounded ridge on ilie posterior pharyngeal wall, which 
meets the na^ ^rfoce of the soft palate over a conaidmbk area, and it is at the 
up(«r limit of this area of contact that the mucoua membrane nn the upper surface 
of the palate changes from tliv nspiratorr to the pharjngesil tvpe 

llic Tensor veil paLitini is ncti^e in deglutition rather thinin speech, and bv 
producing a l^ised depression of the anlcrior part of ihe palaie (p. iVafiJ gqiieeae^ 
the bolus against the tongue and to helps w, project it through the oral phan,ms. 


The Mecha»u.m ov DECtirnTtoN 

The first stage of tJ« act of sivaSlowing. or deglutition, is voluntary in character. 
The antenor part of the topgue is i^d and pressed against the bird palate, the 
movement wmmcncing at the tip of the tongue and spreading backwanfa rapidly. 
By thismwhanisni a bolus placed on the tongue behind the rip passes backwards m 
the postenor prt of the miuth. At die ^ of the first stage, the soft palate closes 
dmrn on to the back of the tongue lu help to form the bolus. The movLOwnte of 
the tongue are clfcctcd by the minnsic muscles, fspccially the Superior longitudinal 
and Tnuisvcrse. .^t the same tune the hyoid bone mnv'c* forwards and upwards a 
little and becomes hsed owmg to comraction of the Geniohvoid, Mvlifovoid 
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Dig^trk and Stylnhyiud msiS^les, By elevation of die posiorior paxt of ilic tongue, 
wluch is dravm upwards and backwards by the St^-loglosai, and by the approxima^ 
tion of the pdatogLossaL artheap eaiised by the contraction of the Pelatnglo^i, the 
bolus 14 X1DW passed through the on^phary^jigeal isthmus into the oral part i;kf the 
pharynx and the secondp or involuntaryp stage of the act of swallowing begins. In 
swallowing fluids, the tntrinsic tongue muscles arc used to sc|ujn the fluid back 
through the mouth ; this is succeeded by contractfon of the Mylnbyind which 
bulges the base of the longue into the ord pharyitt. In swallowing flolids^ only 
the latter aciion is used, except when the mouth is being ckartsed of saliva and 
debris after the bolus lias been swdlfjwed.* 

in the second stage, the soft palate is elevated (by the l^evator muscles) and 
tightened (by the Temor muscles). In addition it is cioidy and hrmly approximated 
to the posterior pharyngeal waJI by the contraetton of the tkktopharyngeal sphincter 
(p, 13S93 and the upper fibres of the Superior constrictor muscle. The pharyngeaJ 
isthmus is tightly closed and the bolus is prevented from passing upw'irds. At the 
same time the krynx Is drawn upwards behind the hyoid bone and the pharynx 
ascends with it. 'rhis upward displacement is brought about by the Stylo- 
pharyngeus, SalpingophaiyDgeiis, Thyrohyoid and Pdatopharyngcus musdes. 
SiTnultancously the aryepiglottic folds are approximated and the aryicnoid cartilages 
are drawn upward and forwTirds by the oontractian nf the Ary epiglottic, Oblique 
arytenoid and Thyroarytenmd muscles^ Proviflion is thus made to prevent the 
bolus from entering the larynx. Partly under the influence of gra%ity—when Xht 
body Is in the erect or sitting posture—and partly urged onwards by the successive 
contractions of the Siipcrior and Middle constrictor muscles, the bolus slips oyer 
the posterior aspect of the epiglottis, the dosed inlet of die larynx and the posterior 
surfaces of the arytenoid cartilages to gain the lowest part of the pharynx. During 
this sugc its passage is facilitated by the action of the Palataphaiyngcip which shorten 
the pharynx and pull it upwards. Tlsese two musdea^ whe n contrmeting, convert the 
surrace of the posterior pharyngeal wrall into an indined plane directed downward 
and backwards and on its under surface the bolus descends. The ary^iglottic folds 
provide lateral food channels leading from the sides of the epiglottis through the 
piriform fossae to the msopKagua. arc kept more or less tense and upright by 

the backward pull of the Posterior cricoarytenoids on the arytenoid cartilages (to 
which the foltls arc attached) and by the mu^les in the folds themselves {Ary- 
cpiglotlics and ThjTDcpigbtttca)^ assisted by the cuneiform cartilages, which act as 
passive props. In paralysis of thrae miuctes (which are supplied by the rcciirrent 
lanmgcal nerves), the inkt of the larynx is not dosed during aw^lowlng, the ary- 
cpigkjtlic folds fall medially, and fluids tend to overflow into the larynx. 

The last stage in the act is effected by the Iriferior constrictor musde, which 
passes the bolus onwards into the cesophagus p, 13^7)- _ 

These stages follow one another in rapid successian, but it is not difficult for (he 
student to satisfy himself, by palpation of the body of the hyoid bone and the 
laiyngca] pronuncnce during ilic act, that cbvadon and forward movement of the 
hyoid bone precede elevation of ilie larynx and that the amount of upward move¬ 
ment of tlie thyroid laixtiJage is considerable, 

Appiifil Aitaiorfry \—In young childtcn overgrowth of the lymphoid tLS$ue in the 
nose and nasophuryni (adenoids^ with or withoui enlargement of the tonsilft, piodu^ 
a eharacleriatic defomhty of the face# the * adenoid facies', by o^tructid^i respitarion 
through ihc nose and making rnoudi-brealhing mote or less obligatonr. Ai the child 
has ro keep its mouth open in order fo breathe, the bony paklc and alveolar arch are 
habitual]V out of cooiati with the dorsum of the tongue ; bcklng its pressure, they 
develop with an abnormally high arch and forw^ard projection. Thus the hard palate 
becomes narrowed Intctmlly^ and the projecting alveolar processes dTord irtsuffldeiit 
room for the perpianent teeth, w-hich appear emw-ded, irteguJarly set, and ovcrhajig 
those in the lower jaw'. The facial surfaces of die maxilla become pintW together, 
with narrowing of the nasal cavities and maxiliars' air-sitmSL'S. The nose itself showa 
abnormality in shape of mo chief types : (i) The bridge remaining nontinl. the apex 
IfKiis thin and pinehed btetiuse the alac fall inwards from disuse of the dilaiur mujcln, 
and the nares become elongated, narrow, and barely capable of voluntary' dilatation ; 
the re is often a depression in die region of the hj^ver nasal cartilage, (a) Less cammonly 
the bones forming the bridge of the nose are pressed apart by the underlying adenoid 
gfoivths, making ii appear thicker and broader than normal ; the dilators of the nares 

• J. \^lu3iii. y. Amu. F^nd., 8o, 1046^ 
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otrophf imm diBuiep niid the aares }t}ok Unduly^ ^sll snd rquitd^- In All cases of 
adcopids the tipper lip i* draftTri up, still farther exposl^ the projecting front upper 
teeth. The face ia lengthened by dropping of the lower jaw ; the whole expression of 


Fig. 


I r 5 S. — A diuecdon to cxpc«e the «E9«ptMgus In the pcsterbr medDislJnura 
and in the ibdameti. 
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the child ii highly chafMteTOtic, luggceting vacuity md LMttemion, the latter being 
due to the deafness so often assoaaied with nasal nbstmirtkm and caused by blocyna 
df the phitr>'ngeil apvningf of the Buditory tubes. 


Tjie tEsOPKACL-a (fig. 1158} (Pi. XX) 

The eesopbagua, or gultet, it a muscuJar canal, from 13 on, to 25 cm. (10 
inchea) Jong, extending from the pharynx to the stonmach. it begins in the neck at 
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the lower border of the cricoid cartifa^, apposite the sixth cert'ical vertebra^ where 
it is continuaiis with the low'cr end of the phar)'nx. Jt descends along the front of 
the vertebral column, through the superior and posterior parts of the mediiistinum, 
picrcra the Diaphragm opposite the tenth thoracic vertebra, and ends at the cardbie 
oribcc of the siomach at the level of the eleventh thoracic vertebra. The general 
direction of the oesophagus is verdcaJ : but it presents two slight curves in its 
courae. At its commencement it is placed in the median plane ; but it inclines 
slightly to the left side ^ far as the root of the neck, gradually passes again to the 
median plane, which it reaches at the level of the fifth thoracic vertebra* and again, 
at the Icv^d of the sevendi thoracic vertebra* devians to tlic left and then pasara 
forwards to the crsophiageal opening in the Diaphragm. The orsopliagus also 
presents anteroposterior flexures corresponding to the oinh-atunca of the cervical 
and thoracic portions of tlie v^ertebral colu ran. It is the narrowest partaf the d igestivc 
tube (exclusive of the vcrTtisfomn appendix), and is constricted (n) at its commenoti- 
rnent, h inches from the incisor teeth, (*) where it crossed by the aortic arch, 9 
inches from the incisor teeth, (f) where it is crossed by the left bronchus, ii inches 
Crum the incisons, and (d) where it plerci^s iht Diaphragm, 15 10 16 inches from the 
incisors. The sites of these constrictiorMri are important dinicfllly in connexion with 
the passage of instruments along ihc ffcsophsgus, 

Rclatiofis.—The cervical part of iht o^phagiis has the following reflations. 
In frtjnt, lies tlie trachea, to the posttfior mertibranous wall of which it is attached 
by loose connective tissue; the recurrent laryngeal nen-es ascend, one on each 
side, in, or slightly in front of, the groove between the trachea and tesopbagus. 
iiehinJ, it lies on the vertebral coluitm, the IvOngua cervicls muscle and ihc pre- 
vencbral layer of the deep cervical fascia. L^tern/iy, on each side, lie tlie cor¬ 
responding common carotid artery^ and the posterior part of the lateral bbc of die 
diyroiil gland; in the lower pan of the neck, where the cesophagua projects to 
die left side, it has a closer relation to the carotid sheath and the thyroid gland 
than on the right side* The thonicic duct ascends for a short distance along the 
left edge of the cesephagus. 

The thoracic part of tnsopha^ (figs. 109a, 1094-1097* iioa* 115S) is at 
first situated in the superior meiliastinuni between the trachea and die vertebral 
column, a little to the left of the median plane. It passes behind and to the right 
of the aortic arch and dcftcends in the posterior mediastinum along the right side of 
the descending thoracic aorta^ Beloiv, as it inclines to the left* it crosses in front of 
the aorta, and enters the abdomen through the Diaphragm at the level of die 
tenth thoracic vertebra. It is In rektion* in (from above downwards)* with the 
trachea, the right pulmonary artery', the left bronchus* the periou-dimn (separating it 
from die left atrium), and the Diaphragm; it rests upon the vertebral wbrnn, 

the Longus cervids musdes* the right posterior (aortk) ifitcrcostaJ arteries* the 
thoracic duct, the ascygos vein and the terminal parts of the hemiazygos veins; 
and bcJow\ near the Diaphragm* upon the front of the aorta. In the posterior 
mediastinum an elongated recess of the right pleural sac tnte^enes between the 
cesopliagus and the vena azygos and vertebral cohimiL On its fieft side, in the 
superior mediastiiium the tennmaJ part of the aortic arch, the left subclavian 
artery, the thoracic duct, and left pleura ore immediate relatipns* while the left 
recurrent larvngeal nerve runs upwards in the groove between it and the trachea ; 
in the posterior mediastinum it is in rdation widi the descending thoracic aorta and 
the left pleura. On its right side it is related to the right pleura* the azygos vein 
intervening as it arches forwards above the right bronchus to join the superior vena 
cava. Bdow the room of the lungs the vagus nerves descend in close contact with 
it, the right nerve chiefly behind, and the left chiefly in front of it; the two nerves 
unite to form a plciiis around the tube fp- 

In the lower pan of the posterior mediastinum the thoracic duct lies behind 
and to the right of the cesophagus ; higher up* it is placed behind it, and crossing 
to the left about the level of the fifth thoracic vertebra* is continued upwards on 

its left side. , , . , 

On the right side of the oesophagus, just above the Diaphragm, a small serous sac 
(the mfra-airdiijtc fmrsa) is somedmes found ; it represents the upper detached part 
of the right pueumaio-entcric recess (pi 196)^ 

The abdominal part of the ctsophagtis, having passed through the right crus 
of the Diaphragm (p- 5S6) sJighdy to the left of the median plane at the level of the 
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tenth thoracic ^TTtebm, lies in the cEsoph^eaJ gt&ovc on ihc p^crior siirfa-cc of the 
left Jobe of the liver. It is about 1-35 cm, in lengtiv conical In shape and curved 
sharply to the left 1 isS)* the base of the cone being comuiuoua with the cardiac 
orifice of tJie stomach ■ its right border continues evenly into tJje lesser curvature 
of t!ie slonmch while its left border is separated from the fundus of the stomach 
by the cardiac notch (fig, 1178), )t is covered with peritoneum in froot and 

on its left side; it Is coniaLned in the 
upper left part of the lesser omentuto^ 
the peritoticnm reflected from its 
posterior surface to the Diaphragm 
being part of the gasuo-phrenic liga¬ 
ment [p, 1407J. llie msophageal 
branches of the left gastric vessels pass 
to the cesopha^ in this peritoned 
ligament. Behind the c£$ophagus are 
the left crus of the Diaphragm ind 
the left phrenic arten% The vagios 
nerves have variahle relations to the 
(esophagus as it pass^ through the 
Diaphragm. • bometime^ one trunk 
(consisting maiiily of left vagal fibm) 
Dca on the fronts and one (consisting 
mainly of right vagal fibres) oo the 
back of the asophagus, but each 
vi^us may consist of two or tliree 
trunks at this level, 

Smieture (fig, 1159),—The ceso* 
phagus hnn four ™is: an cxtcmil or 
fibrous^ fl miuicularp a autmiucoii^ or 
nrtolar, and an internal] or mucous^ 
I'hc fibrota roar consuts of n layer 
of areDlar tissue, contajoing many 
clastic fibr«. 

The tttuscular ewir is composed of 
two layers of cotlsiderabjc thJekneu : 
an cxtemal of luiiKiuidinal and an 
inictml of droller &rc9. 

Hic IcngiiuJittal fitrei fottn a complete in^TStment for nearly tlic whole of the 
ccsophagus, but at the upper part of the back of the tubc^ at a point between 3 cm, and 
4 cm, below the cricoid canilagCr i^iey diverge ibc median plane and form two 
longitudinai fasciculi which incline upwards and forw-ards to the front of the tube. 
Here tltcv pass deep to the lower border of the Inferior eon&trictor muscle and end 
in 0 tendon which is attached to the upper part of the ridge on the posterior surface of 
the E*fn.irtfl of the ericoid cartilage (fig- io88ji The V-shaped interval betw'cen the 
diverging longitudjnii] faseicMli ts fiJlcd by the circular fibres of die gcoophoguSi ihi^y 
covered below by decussadog longitudinal fibresp and abovt by the overlapping 
lower edge of die Inferior eanstrictor muscle. For the mitin pan the longimdiTiaJ 
muscular coat of the ersophagus fs thicker than the circular muscle coot. 

Accessory slips of uiutripcd muscular fibrei ^umcdmcs pass between the (eso- 
pliagus and the left pleura, or between the (Esophagus and the root of the left btonchua^ 
m]chi:a, pericardiuin, or norta. These muscular slips help to fix the (Esophagus 10 
neighbouring structures^ 

'rhe orcuitir fthrcf are conrinunus superiorly 1 on tlie posteriar surface^ with the 
liiferitpr constrictor muscle; anteriorly^ tlie uppermnst ore inserted into the lateral 
margins of the tendon of the t^vo longitudinal fasciculi. Inferiorly, the circular 
muscle fibnra afe cotitinuoii^ with the obliclut fibres of the stoniocdi. 

RadiuJogical study Shaw's that food is temporarily held up nt the luvvcr part of the 
(Esophagus beftjre passing into the siomaclu ITiifi is attributed 10 the contraction of a 
’ physiological cardiac sphinctef.' "llicft!: Ja no local rsed thickening of llie circular 
muscle of the (rsnphagiis in this region. The delay may be due in part to the contrac¬ 
tion af the lurrounding muacle fibres of the Diaphragm, though iiomc deny this,! 

In man^ striped muscle Ik gcncmlly limited to the upper twcK-rhinJs of die ce$o- 
phagus : the low-ef third containa unstriped muscle otily. (L. Ih Arty and M. J. 

■ Hr DouhiTL'i G. F. ShnfiitilTand J. H. Mulhollond a 107,1^43,113-135. 

+ M. Aikilisnn, l>. A. W. Edo juIb^ A. Jr 1 Joft0ur snd E. RowLinds, incnuifr, u, 91B, 1957' 
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I’leurntne, 1933, Anm. Rrr.. s** In the upper quarierp both byers confibt of 

atriped muieic i in rhe Mcond quarter bundles of smooth mu^dc uppe^ and tl^cse 
gradually repliicc tlie striped muscle more csudally. 

The areotar or eodl connects loosely die mucoua and niuacillar ooflia. It 

contains the latBer bJcMjd-vcsscls and tiertca^ as well as mucous glaiida. 

The fnuiouf icat is thick, of a reddish colour Hbov-e^ and pale below, h h dbpuscd 
in longitudinal folds (PL XX)> which cUfiapppr on distension of the tube. It con¬ 
sists of (1} a layer of stratified squamous epithchum, hning the tube, (2) b layer of 
connective tissue^ papilLt frofii which project Into ihe cpitheliutOt and (j) the 
muscuJaria mucoMp a layer of lorLisitudinally armn^cd nqn-atriped muscular hbre^i. 
At the commencement of the cHopha^s the miMCulirb mueosse U absent^ or only 
represented by a few scatlered bundles ; lower down it for™ a. con^ldcrabie stintum. 
A E the gasiro-CESophaBcal junclioti the stratified squamous epliheliutn of the cesopl^ifu* 
is abrupdy succeeded by the simple columnar epIihclJutn of the stomadi. The junc¬ 
tion 19 visible to the naked eye in fresh prepantions as a crenated line+ the greyish-pink^ 
smooth, irsophageal mucous membrane contr^srip^ with the redder, mammillated, 
gastric mucos^^ 

'llle irscpfm^ml are small p compound racemose glands of the mucmta type ; 

they are lodged in the submucous tissue c^utside the muscularis mucoMe, and each 
opens into the tube by a long duct which pierces the muscuJaris mu£o». In the «- 
tremc upper and lower pam of the resophagus, the glands resemble those in the cardiac 
part of die stomach (cardiac glands) and are situated between the mtitculBris mucuss 
and the lumen of the gut.* 

Vewls and Nerves^—The artrn^ suppbnng the resophagus ore derived fmm 
the inferior thyroid branch of the thyroccmcal trunk, from the defending thoracic 
aorta K from the bronchial irtencii, from the left gastric branch of tlse creliac artery^ 
nnd frirtu the left phincnic hmneh of the abdominAl tronn. They have for ihc most 
part a longitudinal directiun. llw veifa from the cervical port of the uaophagus 
drain into the inferior thyroid veins imd those front die iboracic part into the 
azygos vein. The abdominal pan drains partly into the azygos vein and partly 
into the left ipistric vein. The kttcr vein Lteing n tributary of the portal vein, the 
abdominal part of the cnophagus is one of the sites where anastomoses between the 
portal and systemic veins occur (p. 876), In cases of obstruction of the portal cir¬ 
culation (e,g. in ciffbasis of the hvcr)i these veins may betjume varicose and may 
burst inm the lower part uf the cHopbagua, cauiing vomiting of blood luid even 
ffttd hacmorrliagc, ThcIywipA lerre/f are desetibed on p* 9tz, 

The nerves are dtriv^ from the t^agtis and sympathetic. The cervical part of the 
Qcsophagua receives branches from the returrenl laryngeal nerve 4 and from, the 
cervical sj-mpathctic truiiki (by means of the plexus around the inferior thyroid artcryh 
Tht thoracic part has branches from the vagal trunks and cesophagcal plwis, and from 
the ej-mpHthetic trunks and greater splanchnic nervesp llic abdciminal part (C. A. G. 
Miichellp 1938, Brit.y.Smgtry, a6* 333) is supplied by The vagal trunks fantcrior and 
posterior gastric nerves), the thoracic sympalbctic trunks, the greater fond occastoii- 
ally the le-sficr) splanchnic nerves, and the pIcnis around the left gastric and phrenic 
arteries. The ncj-v«i form a pletus containing groups of gangladn-cclls between the 
two kyets of the muscular coat, and a second plexus in ihc submucous tissue. 

Radiotog^' (PI. XX).—In oblique laici^l views after a barium nicd the main 
part of the ihoracic portion of the asophjgua h seen in the " retrocnfdkc space ’ 
behind riic licarl and diaphragm. The enure thoracic pin is seen to be situated 
a little distance from the vertebral colutim, its lower part inclining fortvards 
still further from the column. Its anterior wall k indented by the arch of the aorta, 
the left bronchus, and the left atnuiOi successively from above downwards. A 
thin laverof the bartitm meal may outline the longitudinal grooves of ihe niucous 
membrane. 


TldE ABDOMEN 

The abdomen is the region of die tnmk that lies below die Diaphragm. Ii 
comprises an upper part, the pFop£Fy and a lower parti the pFiviF- These 

two parts are continiioue at the plane of the inlet of the pelvis, w hich k bounded by 
the promuntosy of the sacrum, the arctutc lines of the hip boneSi the pubic crests 
and the upper border of the s^Tophysk pubis. The abdomen to a large extent, 
bounded by muscles; cortBequemly its shape and ske can vary under differem con¬ 
ditions, such as V3r>'ing degrees of distension of the cotitoiiicd tiollow organs and the 
* B. A. E. Johns, dnat^Lond., 195*, 86, 431. 
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phased of re&piration. Ftirther, Oxt lone of these musdea ia an important factor in 
maintaining the abtiominal and pdvic viscera in posUion (pp- 59S and 605). 

The Momen prop^ is bounded wt front by the Rectus abdominis mueclcs, the 
E^ytamidaies and the aponeurotic parts of the flat abdominal muscles (Obliquus 
excemus abdontinifl, Obliquua Lntemus abdominis and the Transversus abdominis); 


riO< A front VarW af chc thuonicic ftnd abdoTtiinjI vi^cefS. 
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61 (he lidet, by the fl«»hy parts of thes« fkt abdominal muscles, the lliacus mtisdea 
and the iliac bone*; behiitd, by the lumbar part of the vertebral column, the cmrs 
of the Diaphragm, the P^nas and Quadratus lutnborum muscles and the posterior 
parts of the iliac bones; and above, by the Diaphragm; while fie/oie, it» continuous 
with the pelvis through the inlet of the true pelvis {p. 403). As the Diaphragm, which 
forms the dome'tike roof of the abdominiiJ cavi^, arches upwards so as to reach 
during eiepiration the level of the upper border of the fifth rib in the right lateral 
plane and the sialh rib in the left latenil plane, a considerable part of the abdominal 
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cavity ejctcnd* upward# under cover of the hony frainework of tlw thora* (ree pp. 

587 for variation# in the position of the Diirahragm during j™iTation> etc.). The 
abdomen proper comtaina the greater part of the digestive tube, aa well as the liver, 
pancftaa, spleen, kidneya. parts of the ureters, airprarenol glands and numerou* 
blood*vess«ls, lymph teasels, lymph nodes and nerves. 

The pelvfs is funnel-shaped and extends backwards and downwariU from the 
lower end of the abdominal cavity (dgs. ta3Z, 1335). It is bounded Mt/rowf and at 
tht tides, bv the parts of the hip bones below the pubic ensts and arcuate lines, 


Fic. n6i.—The lurfaev lines on the trem of ilw tlwm and abdometi. 



and by the Obturator intemus muscles; eboce and behind, hy the sacrum, o«^ 
and the Piriformis and Coccygcus muscles: and Arfow, by the ^'amres am, which 
together with their covering fasd* form ihe pelvic diaphr^ (pp- tea to ^S)> 
bTthe Transvereus periftei profundus and Sphincter uret^. which together wr A 
their fascial coverings form the urogcniia] diaphragm. The pelvis contains the 
urinarv bladder and part of the ureters, the sigmoid colon, r^um snd a few coils of 
small miestine, and some of the gmcraiive organs, together with blood-vessels, 

IvitLph lyniph iwdes su^d nci^cSd , 

The muscles bounding the abdomen proper and the pelm ari?^ Liie muscles in 
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gentmil^ cnahcathed in fascm ; the byer of fascii covering the deep surface of the 
muscles unmediatcLy adjacent to the abdominal and pelvic cavitjea is named 
ditFcrcnily in the various regions^ For eJcample^ that lining the intemaJ surface of 
the Tnui&s^craus abdominis is called die tramrtrs^ftsfascia (p. 599), that on the under 
surface of the Diaphragm is the diaphr^gmutic f&scm, that covering the Psoas and 
ILiacus is die jfiffr fasaa (p. that covering the anterior surface of the QuAdrstus 
iumborum is the antm'or M'er of the Itimbar fascia (p, 575), and that covering the 
muscles in the pelvis is the prhic fascia (p. 602), 

Moat of the organs contained in the abdominal 4 md pelvic cavities art largely 
cov'ered widi a serous membnine^ termed ihepmloffcum (pp. 1399^1415). 

Regions.—For purposes of location of the viscera the abdomen is divided into 
nine re^oRs by imaginary planes, two horizontal and two sagittal, passing through 
the cavity, the edges of the planes heing indicated by lines drawn on the surface of 
the body {hg. 116r), The upper horizontal pUne, or tramf^ylmcplane (of Addison), 
is indicate by a line encircling the body at a level midway between the suprasternal 
notch and the symphysis pubis (or roughly midw'ay between the umbilicEis and the 
lower end of the body—Roi the xiphoid process—of the stemunip or preferably a 
hojid^s bitaddi Ivelaw the luphistErnaJ joint) ; it cuts the frcint of the body of the 
first lumbar vertebra near its lower border and meets the costal matgiD at the tip 
of the ninth costal cartilage. The lower horizontal plane k indicated by n line 
carried round the trunk at the level of the tubercle on the iliac crest (p. 393) and is 
termed the transtuiirrcular plane ; it cuts the front of the body of the fifth lumbar 
vertebra near its upper border. By means of these planes the Abdomen is cut into 
three zones; each of these is further subdivided into three regions by the right and 
Ufi laierai planes, which arc indicated on the surface fay lines drawm vertically 
through points halfway between the anterior superior Ukc Apincs and the symphysis 
pubis. 

The median region of the upper zone is the epigastric^ and the ktend regione, the 
right and fc/r hypochvnJriac. The median region of the middle zone is the umhiheah 
and the lateral regions art the right and fefi tumimr (or lalerat). The median region 
of the lower zone is the hypogastric or pnbk^ and the lateral rcgiomi arc the right 
and ieft itiac or inguinal (fig^ 

A third horizontal plane is frequently utilised in describing the topography of 
the abdomuml viscera, h is draw^n through the body on a level with the rnost 
dependent parts of the tenth costa} cartilages and is termed the subcostal ptane^ It 
cuts the from of the body of the third lumbar vertebra near its upper border. It is 
frequently utilised instead of the Lranspylciric plane for the purpose of dividing ihc 
abdomen into the regions named above. 

'llie iimftfVi™ is vmiable in position \ in the young adult it usnallv lies on a level 
with the dLic bctw^cen the third and fourth lumbar vertebra;. As age ad\^nct:s. 
and in condifitins of dcBcicnk tone of the abdoininal muscle?^ it sinks to a low^er 
posiiion. Ii h ab<j lower in the child because of the undeveloped condition of 
the pdWs. 

When the anterior abdominal wall is ternoved (fig. 1160), the viscera are partly 
exposed as followa : above and to the right side tlse liver ia Aiaiblc, situated chiefly 
under die shelter of the right rilw and their cartlhigcs, but extending jctoss the 
median plane, where it reaches dow n to the uanspyloric plane. The stomach k 
expose^ in the angle between the left cosiai ma^n and die lower border of the liver. 
Froin its lower borcier an apmn-lrke fold of peritoneum, termed tlie greater ommtum, 
descends for a varying distance, and ohsciires the other viscera to a greater or lesser 
extent. Below the greater omentum, however, some of tlie coils of the small 
Intestine can ^nenlJy be seen, while In the right iliac rcgion the csscum, and in the 
left iliac re^on the lower prtlon of the descending colon, are partly exposed {see 
p. I40il). The urinary^ bladder occupies the anterior part of the pelvis, andn if 
distend<^. projects above the aymphysis pubis ■ the rectum k placed in the €Oti- 
cavity of the sacrum, but is usually hidden by coils of the smalt intestine. The 
sigmoid coJun may he seen tying bemeen the rectum and the bladder. 

When the stomach is followed from left to righti it k seen to be continuous with 
the first part of the small intestine (duodenum], the point of iXmtinulty beln>g 
marked by a thickened ring {of muscle), which indicates the position of the pyloric 
sphincter. The duodenum pass« towartls tlie under surface of the liver, and then, 
cun-ing downwards, is lost to tight. If, however^ the gTcaicr omentutn, together 
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witli the ttansi’erae coton which He* beneath it, be thrown upviTirds over the 
the infertof part of the duodenum can be traced acrosB the vertebral coluranmwards 
the left side, where it becoraca continuous with the coils of the jejunum and ueum, 
which constitute the remainder of ilie smalt inteadne. These measure about si* 
metres m length (iW footnote, p, 14^3), and if followed downwards the ilcum is 
seen to end in the right iliac fossa by opening into the lat^c inicsiiiw: at the junction 
of the crncum and ascending colon. From the caicuni the large intestine takes an 
arched course, passing at tinst upwards on the right side, then aertASS the median 
plane below the liwr and stomach, and then downwards on ilic left side, foming 
respcctivelv the asteiiding, tranisvente, and descending parts of the colon. In the 
jKilUs the colon assume* the form of a loop, termed the stgmoid colon, and ends in 

the rectum, , , . , . . . - • j u. 

Tlic spleen lies behind the stomach in the left hypochondriac ^lon, and mij be 
exposed in part by pulling the stomach over towards the right side. , , l 

The Blistcning appearance of the deep surface of the abdoinioal wall ud of the 
surfaces of the exposed viscera is due to the fact that the former is lined, and the 
latter are largely covered, with a serous membrane, termed the pmtonevm. 

The relations of the organa described in tlie following pages refer to the body in 
the recumbent position. But it must be remembered that the position of the 
viscera is affected not only by posture but by respiraiory movement pd by the 
condition of the hollow organs as regards quan^Uty of contents. In addiuon there is 
a wide range of variation associated with bodily habitus, i,e, the shape of the chest, 
abdomen and pelvis, and, again, the organs may vary in same individu^ at 
different times depending, for example, on their phwiological aeuiity and their 
degree of mobility. Thus, in the absence of radiological examination, the surface 
outlines of the viscera, pardculariy the hollow organs, describ^ in the text an 
illustrated in the figures, must be regarded as variable within node limita. 

With regard to the different types of bodily habitus, mdividiials have been 
classilied • into two eKtrctnc groups of body’lniild, namciv, hypcrathenic (or pyknic) 
and asthenic (or !eprosomatic)ovitb intermediate grades of sthurac wd hyp^themc. 
In the hypersthenic tvpc. with massive physique, the thorax is wide and short and 
the subcwtal angle it Very obtuse, so that the heart and lungs are wide ^vcrsely; 
the abdomen is widest In its upper pan and the stomach is leas donated m a vcrticm 
ditcctioii with the pvlonis relatively high, while the traosve^ colon is more truly 
transverse. In the 'asthenic type, with frail and slender phy^que. the thorax is 
long and narrow and the subcMtul angle is acute, so tlwt ^ heart and lungs are 
long and narrow; the abdomen is widest in its lower part, the stomach is long with 
the pylorus relativ-tly low, while the colon is long with the tiansvet^ colon desoend- 
inK in 3 V-shaped manner to the pelvis. 'Hic varieties of human physique (soma^ 
types) have ali been classifiedf ascndomorphiefmassivc body-build), mesomotphic 
(iiitcnncdiate}imd cetomorphic (fragile), with intermediate grades, each type having 
predominant psychological characteristics. 

The PEEnfosEraf 

The peritoneum is the largest and most complexly arranged rero^ raembrimc 
in the body, and consiBia, in the male, of a closed sac, a part of which lui® the 
abdominal waU, while the remainder is reflected over the eontamed viswira. In the 
female the free ends of the uterine tub« open into the pOTioncal (PI- 
The portion which lines the abdominal wall (or panctes) is named the puHi-tof 
portion of the peritoneum j that which is refleetod over tlie contained vj«era 
^nsdtuics the tvcerttl portion of the penioneum, Thc/r« surfaa of the membrane 
is smooth, covered with a laver of flattened mcsothelmm and lubricated by a small 
quanfity of Serous fluid- Hence the viscera can glide on the wall of the cavity or on 

one another with a minimum of friction. _ 

A considerable amount of areolar connective tissue mtervcncs belwew me 
parietal peritonctim smJ the abdominal parictes. with the fascial lining of which it 
Wends. It is knowu as the extraperimeal It rane* m q^ntity 

a varying amount of fat in diflerent regions. Wide this tissue loosely connecta the 
parietal peritoneum to the abdominal and pelvic walls in general and so allows the 

f Wk H V ShejltloEi^ S. S. Sl-e^'era aiiJ W- B. I'yckcr, Thf I ijmiifi ^ Httman Ph;k sique^ 194 , 
I lurpt^ Bod BrtyiherHj 
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peritoneum to be relaTivcLy easily stripped off these wdU, it U denser on the under 
Eurfaecr of the Dinphragni ond behind the linea aiba, so that the prietal peritonciun 
15 more firmly adherent tu these parts. It iec especially loosely arranged in some 
placet to allow of alteration in the siste of certain nrgarts ; for examplet in the from 
part of the pelvis and Icnver part of I he anterior aMominal wall where it allows die 
urinary bladder to distend in an upward direction liehind the anterior abdominal 
wall, ^m ivhieli it strips off the peritoneum as it ascends. It is usually heavily 
kden with fat on the ponterior aMoininal wall in relation to the kidneysn The 
visceral peritoneum, on tlie otlscr Itand, is finnly united to the viscera wJiich it 
covers, and cannot be readily stripped off them. In fact^ the connective tissue byer 
of the visceral peritoneum is directly continuous witli the fibrotis tissue stroma of the 
viscera; thus from the point of view' of pathological conditions of an orgait, the 
visceral peritoneum must be considered to be part of the viscua itself. 

The parietal and visceral h\XT^ of the peritoneum are in actual contact, but the 
potential space between tliem is named the pmiotifat Cimty* The peritoneal cavity 
constsis of (i) n main portion, irrnied t\\t^^ruitftr sar (or and (i> a 

divirriiqulum from this, t^rrmed the omtiiiaf bursa or Usstr sac, which ia siluaied 
fcvehind the stomach and adjoining structures ; the neck iff communication between 
die greater sac and the lesser sac is termed the cpiptoic farametj (or tiditm fo fhe 
Irssrr ssifp 

The disposition of the complexly arranged peritoncuin is best understood by 
following the dcvciopmcnl of the digestive tube (pp. 

Mo trace the peritoneum from ode ^‘iscus to another^ and from the viscera to the 
parities, it is nece^sarv' to follow its eontinuily in the vertical and horisonUil direc^ 
lions, add it is simpler to describe the greater sac and the lesser sae separately. 

Vertical disposition of the greater sac (fig* 1166),—It is convenient to com¬ 
mence tracing this froo^ the an tenor abdominal wall at the level of the umbilicus, 
A fibrous cord, termed tlie {sj^simcnium fms or Mtlfcatrd umbiitcai vdn (p. 145S), 
njiih upwards from the unibiliruB to the inferior Surface of the liver; It commences 
in the median pbne at the umbilicus, inclines slightly to tlic right and recedes 
slightly from tiie anterior abdominal wall as it parses upwards ^ it faiscs a iriangular 
fold of parietal peritoneum from the anterior abdominal Wkll and inferior eurfacc of 
the Dkiphfagtii in thij* upward course, the Fold forming the fafd/ofm ligament of the 
liver (p. 145S and fig- u The biter consists of two layers of peritoneum, right 
and IcfU witli connective tissue in between (figs. 1 1 i6g)* M'he lower part of the 

faldfonn ligament has ■ posterior free border, eKtcnding from the umbilidu to ilic 
lower border of the liver and containing tlie ligamentnm teres, but the upper pan 
extends from the Diaphragm to become continuous with the visceral peritoneum 
on the upper and anterior surfaces of the liver (fig. r ihi). At the site of refieciion 
from the anterior part of the inferior sur&ee of the Diaphragm to the upper surface 
of the liver, the two layers of the falciform ligament diverge from each other (fig, 
1209)4 the right layer passing more or Im transversely to the right and forming the 
taperifjr layer of the fOfoijidrry (igiimmt e/ the lirer (which thus passes from the 
Diaphnigm to the upper surface of tlie right lobe of the liver)^ while the left layer 
passes to the left to form the tiuteri^ layer &/ tfir left trmitgaJifr irgament of the liver 
(whicli passes from the Diaphragm to the upper aurface of the left lobe). MMie 
viaccjal ptritoneum on the upper and anterior surfaces of the liver Is continued 
round the sharp lower border of the liver to the inferior (visceral) surface of the 
organ, where it has the following lelatiDns ; {a) To the right of the gall-bladder it 
covers the inferior surface of the right lobe and h reBceted from the pc^terior pan 
of this lobe to the right suprarertal gland and the upper end of the right kidney, 
forming the wfenia iayrr of the eoronar}' lig^cnt; frequently the peritoneum 
passed directly from the mferior sufface of the Liver to the front oF the right kidney, 
forming 0 fold termed the htpaiQtenal hgamenL From the right Iddney the perito- 
neum passes downwards to tltc front of the upper port of the dutxlcnum and of the 
right colic flexure (fig. 1167); it also passes mccii^ly in front of a short segment of 
the inferior vena cava (benvecn the duodenum and the Hver)i where it is continuous 
w ilh the posterior W'aU of ihc omental hursa (fig. 1 tfiy). Between the two layers of 
the coranaiy ligament there is a triangular area on the back ol the right lobe of 
the liver devoid of peritoileal covering ; this is teirocd the bare area of the liver and 
here the liver is attached lo the Diaphragm by areoLir ti^uc. Towards the right 
margin of the liver the superior and inferinr lave nj of the coronarv^ ligament gradually 


PLATE XXIX 



R»diq*rtpti of p«ii of tJw Wse infatine *fier a butrium in™L 
Mote ihc wnnifonn appendi*, which p»«e» from iht lid* of 

the cjECUiti mrdiotly Kid rtightly downwaidi into the pelvj*. At • 
•hehdy higher level the tennirwl put of the iJeutn w he rmgnuEii, 
The Jw« pift of the BKWvene cohm run* do™w«d» m tont of. and 
^igbdy medial to, the aacervduig cohm, before u tutna (n the left. 
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fUdicKrvpti tvkcn iT bouri ftfter ihc ord idimniiti^tian of todium ictrikHki- 
ph«oolphtlwitirkt. (CbolecyitQ^ncm ; Dr. J. L. Gfoui) 

Fpidufi gf |pdLhLiidid«r< z. Ngck gf ^U^bljiddef . 

3. Bile duct 4. Gia in ri^l colic Bcamrc, 

Xcte the relMikm of the bnle duct tp the tiaiitvef«e proce^wi of tbe ucozid and 
tbifd liimhitr iTrtebnr. 
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approach each oikcr and ultimately fuse Ko form a smaU triaiigiilar fold, eonncctjfi^ 
the nVht lohe of xhe liver to the Diaphra|pn and called the ri^hl masigular hgamint 
of the liver (fig, mo) The latter fonas the a|>C5< of the bare area* the base bemg 
formed by the groorr /f/r iha vena em (^) The visceral periioncum covem 

the mfeiior surface and aideg of tlie gaU-bkdtIcr. the inferior surface of the q^drate 
lobe of the liver as far hack as the anterior margin of theportahepaiis^and the ittfcnor 
surface of the left lobe ; from the posiunor bt>rdcr of the left lobe k is reflected to 
the Diaphragm as the fnaierm hyer of ifa- It/f trianguiar itgisment. 'Ehc pentoncum 
along the amerior margin of the'porta hepatb is caminiious at the right c^irvirnty 
of the porta mth the periiotrtum of the oitUMital bursa, the kttcr twing rellcctcd 
from the posterior margin of the porta izio). The vbc^l peritoneum pas^ 
into the depth of the fissure for the ligamentum vemosum (fig. lato), mwecft the 
cau d ate and left lobes of the Hver^ in two byem. ante rier and posterior. The anterior 



Fso. j j6a,—A ditscctiDn te the left ride of the fskifomi of the 

Uhrer- 


fjnrit 




■ t#/! tnMUiptliif- K^wrfwl 




Liver ii coniinuous wirh the puritoneuni rtfletted flrom the anterior mjTgin of ihe 
porta hepaiii {fig- J 2 to)- From thb J-shaped line formed by the left margin of the 
fiasuic for tlic ligamentum venosum and ihe anterior margin of ihe porta hepatis, the 
oeriioneum is rcHceted to the lesser cm^atureof the stomach and the a cm,, or 
Hs of the duodenum foirntnE the anterior lawr of the tester ontufitum. The psiri of 
the'lesser omentum connecting the Uver to the stomach is cdled the Ae/wromrtrre 
/wam«U while the part passing from the liver to the duodenum » narned the 
fupatoiluodiTMl l{gamfil. The antenor layer of the le^r omentum, if tr^ed m the 
rieht is found to pass in front of the hepatic artery, bite duct and portal vem, imd 
then to turn round the right side of these structures to bc^e contmuo^ behind 
them with the posterior laver of die laaer omentum ; the latter here foi^ the 
anterior wall of the omcmal bursa. 'ITius the lesser omentunijma free right Imrder, 
in wWeb lie the hepatic arwrv, bile duct and portal vein, and behind which is the i^i- 
o/hic foroi«m (fig. i i^S)- anterior layer of the lesser omentum is conimuou* 

below utth ihe^sceral peritoneum that covers the front of the ston^h luid the ftrat 
z cm of the duodenum. This laver of peritoneum then descends from the greater 
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cufV4l:ure of iLe stoniBch and the neighbouring paj t of tlie duodenum to form the 
most anterior layer of a Lit^c free fold^ railed the greats Rcachtng thfl 

free lower margin of this fold, it tarns upwards, forming the moat posterior Layer 
of the greater omentum | the latter runs to the anicnosuperior aspect of the trans¬ 
verse colon (opposite the lamia omentnlis)^ to which it is adherent but from wnicli 
it can be stripped off. It then passes backwards, adherent to but separable from the 
upper layer of the traiisvecse mesocolon^ to the 3 nte:rior surface of the head and the 
upper border of the body of the pancreas, whence it passes down over the anterior 
surface of the pancreas far os the anterior border of the body of that organ ; it 
leaves the latter as the upper layer of the transverse mesocolon (fie, 1166) This 
passes to the posterior surface of the transverse colon (opposite the nenui tneso* 
coLica)p covers the upper* anterior and lower surfaces of that pari of the gut, and 


Fio. ] iCkj.'—T he lower p^rt of the antenor ■bdomiiiitl wait of s mate lubjeeir 
Poiterior lurlkce, mth the peritancum in place. 
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posses From its posterior surface to the front of the head and the anterior border of 
the body of the pancreas as the inferior taycr of the transverse mesocolon^ Thence 
it is continued over the lower part of the anterior surface of the head and over the 
inferior surface of the body of the panerens on to the front of the third and fourth 
parts of the duodenum. From the latter it passes downwards on the posterior 
abdominal W'ull j it is also in port carried forward on the superior mesenteric vessels 
to the jc)umim and ikum os the Hgkf of ihf mMmyery. [t invests this part of the 
gut and then passes to the posterior abdominal wall as the Uft tnyer of the meErntrFy \ 
ii then descends over s^ctures Like the abdominal aorta^ Lnferior vena cava, the 
ureter and the I^ms O’l.ajor Lnio the pelvis^ It is reflected from the pcjsicrior pelvic 
wall, ^ the anterior Uytr of the sigmoiti mtsoeoton, invests the sigmoid colon and then 
return* tu the pelvic wall as the posterior Layer of the sigmoid mewxolon. Ft then 
ilrsceiids^ covering the front and sides of the upper third of the nsetum and the front 
of the middle third of the rectum. In the male^ it leaves the from of the roctunx (at 
the junction of its fuiddle and lower thirds) and posses fonvords on to the upper endm 
of the seminal vesicles and the upper surface of the urinary bladder. Between the 
rectum and bladder It dips slightly downwards fomting a pouch, the mto-’pencal 
pouch, the bottom of which i* a little below the level of the upper ends of ihG 







THE PERITONEUM 


1403 


seminal vesicles and about 7 5 cm. from the anal office From the apex 01 the 
bladder it is carried along tlie median and medial umbilical hgamente fhg. 1 ib 3 )» 
the anterior abdominal waU up to the levtl of the umbilic^ (frnnn which a start 
jnadci When the bladder is distended the peritoneum is atnpped away Jrora me 
lower part of the anterior abdominal wall, so iliat a considerable part of the =mmoor 
surface of the bladder li« directly against the abdominal wall without the 
tion of peritoneum (p. 1484). An instrument can therefore be passed through the 
abdomiSSi wall into the distended bladder without paamg through the penrone^ 
cavity, fit the Jemale, the peritoneum passes from the front of the return on to he 
poat^or fornix of the t^gina and thence on to the bach of the «irvix an^y ofdie 
uterus, forming the Te^:toittenne fold. 1 his fold dips di^wards to iomi _the T 
uterine poueh, the bottom of which is about j-5 on- ^ 

peritonei continues over the fundus of the utems and descends on iB antenor 
fvcsical) surface as far as the junction of the body and cerc ix. from which site it ts 


in if** piaHt tfj ur.Ttm M TJta* wuh*ft. 

rejected fonvards on to the upper surface of the bladder, formins a shallow pouch, 
the nfriro-tffmflr f>ouib. The Jaycra of peritoneum on the antenor and pos cnor 
Surface of the ulema are reflected laterally, from the literal "^7,f ' 

10 the aide walls of the pelvis, forming on each Side an expanded fold, temed the 
broad liPaaent of the utena ; the latter ihua consista of two layers of permneurn, 
^tcrior and posterior, which arc continuous above to form the free upper Iwrder of 
Sroad Jent; between the tivo layers at the upper border is the utenne tu^. 
The ScetKf the peritoneum from the bladder to the anterior abdominal wall is 

of tb. Br»»r ,h. nonavor.. .ol.o .h. 

ainmgcment is simplTand it may be considered in the two regions, vti. m the pelvis 

“Vil peritoneiim here follows closely the surfoces of the pelvic 

visi em and thclnequalitica of the pelvic walls, and p^ents impotent 'Ij 

the t-To sexes, fu W« ''‘e mcircl^ the sigmoid colon, from 

L roflected to the pc^^erior wall of the pelvis « a fold, termed the vgmoidmetocob^ 
h kaS the sides and. finally, the front of the continued over the 

upiS^r prts of the seminal vesicles to the upper surface of the bbdtlcr; on eaeh side 


Fig. 1164 .—The peritonciirn af the mate pdvi*. 
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of the rectum it ioims a parartttal/oiut, which varies in size with the distension of 
,rtctuTTi the peritoneuti) forma the recto-vesica] poucii, 
wlndi IS limited latcmliy by periioneal folds extending from the side* of the bladder 
backwards, on cither side of the rectum, to the front of the sacrum. These folds ain: 
known, from tlieir position, as the tacrtfgenitaJfotdt. The peritoneuni of iht anterior 
pdviE woll covere itie superior surface of the bladder, nnd on eacli side of tliis viacus 
fomis a depresston. Icrtncd the paravesicat finsa, which is limited fatetalJy by the 
fold oI peritoneum covering the ductus deferens. 'Jlic si?e of this fossa is dependent 
on the state of distension of the bladder, and ivlititi the bladder is empty, a variabit 
fold of peritoncurn, tertncd the iruniverse vfsicai folit, divides the fossa into two 
partiori:;. L nder the same oonditiorus, the anterior ends of the sacmgeniial folds 
may sometimes be Joined by a fold which demarcate; an anterior parr of ihc rocto- 
vesical poucli. termed tlir middle fossa (fig. 1 164). On the peritimeurn between the 
pamveaieal and patarecial fosse the only elevations are those pmdneed bv the ureters 
and the internal iliac veasds. (ft) tn the irmtilt, pamrccta! and paravesical fossa; 
similar to those m the tnale are present; the lateral limit of the paravesical fossa 
IS the pentontom investing the round ligament of the uterus. The recto-vesical 
pouch is, however, divided by the uterus and vagina into u small, afiterior, vesico¬ 
uterine and a deep, posteritar, rectn-uterine pooch (fig, iaj5). The folds himiinE 
the margma of tlie latter are the rtet^utwiat f.^d, (p. tsi9); tlicv correspond 
to the sactogenital folds ol the male, and pass back wards from the sidra of 
ihe «rv(x uteri, on either side of the rectum, to the front of the sacrum. The 
bToad Ugamtitlt extend from the aides of the uterus to the lateral walls of the pelvis ■ 
the utenne tubes are contained in their free margins, and the ovaries arc atta^ed to 
their posterior layers. Ilelow, the broad ligaments are continuous with the periton¬ 
eum on die lateral walls of the pelvis. In the angle between the elevations produced 
by the obliterated umbilical artery and the ureter on the lateral pelvic wall, there is a 
sliallow known as the ovartun fttua, in which the ovarv lies in the nulliparous 
female. It is situated behind the lateral attachment of thc’broad hVament. 

(a) In the /orerr abdimen.— T\K peritoneum lining the lower part of the ^terior 
w-all iS msed into five ridges or folds w hich converge as thev pass up- 
warda (fig, 1163). One of these js placed in the median plane and extends from the 
apex of the unnary bladder to the umbilicus. It contains ihe urachus fp 217I and 
la leimcd ijw median umbHUal Jotd, To its lateral side the obliterated' umbilical 
ancry lornis the midial nmbifka! fold, m it ascends from the pdvia towards the 
umbihtiis. I he depression between the two umhitical folds is termed the morn- 
rW/orm. hunher m the lateral side, the inferior epigastric arterv raises a fold 
railed the lateral umbilita! fold, below the point at which it enters tfii shralii of the 
Rcctia The mgautul fosbj is the depression situated between the 

lateral and medial umbilical folds ; the fateral itiguiaaifoisa, vvhicii overiira the deep 
inguinal ring, hes to the lateral side of the lutcrai umfailiciii fold and indicates the 
sue where the processus vaginalis extended into the anterior abdominal wall durinE 
the of the imis. A fourth Jcprc.'^^inn pkeed below and sliehily medial 

m rher lijiirral inguinal fossa and h sn^paraEed from it by the medial i?nd of the ineuinjl 
3ig=iment. k overlies the ftmnr^S rin^ {p. Si8) and 'i^ termird the fmmntl 

Traced from the Imca alba, below the level of the transverse colon, and followed 
m a honionta^ direction to the right, the peritoneum covers the inner surface of the 
abdomiJial wall almost as far as the lateral border of the Quadratus Itunlwrum ' it is 
reflected over the sides and from of tlie ascending colon and endosea tlic c®cum and 
vermiform appendix; it may then be traced over the duodenum, Psom major and 
mfenor vena cava towards the median plane, whence it passes along the m^nicric 
vessels to invest the small intestine, and back again to the large vessels in front of the 
vermbra] column, forming the meipniery (figs. 1166 and iifiy), the layers of which 
enclose tlie jejunum, ileum, the superior mesenteric blood-vessels, nerves lacteals 
and lymph nodes. Jt is tlien continued over the left P^oas major ■ it covera the 
stdw and front of the descending colon, and, reaching the abdominal wall, b carried 
on II to %}\t median pbiic. 

(3) /» the upper abtianiea (figs. 1167, [16S)—Above the transverse colon the 
pentoncum of the greater sac is more compJcxly arranged. Starting in front of the 
I^rt of the inferior vena cava lying immediately above the first pariof the duodenum 
the pentoncum of the greater sac is here comiimoys m the left, behind the epipbic 
foramen, with the peritoneum forming the posterior wall of the omcnul bursa 
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ffig+ 1 i fiS). From th* front of tbo inferior vena it passes to ibe right over the 
front of the right suprarenaJ gland and upper part of the right kidney to the aotero-^ 
hteml ahdctninal wall. Ftom the anicrior median line a double fold hfSLcIt^ 

wards and to the right., to become continuous tvith the peritoneum investing the 
liver, and forms the fulciform ligtimctu. Continuing to the leftt the peritoneum 
lines tJic nnteroJateral abdominal wall and covers the lateral part of the front of the 
left kidney, aud is thence reflected to the posterior border of the hilum of ihc spleen 
as the pcffiterior or lateral hiyer of the Unmrrtuil (or p/ireii(co-/i> 7 id/) h^nmertt (hg^ 
ii 6 ^l), It can then be traced over the surfiaces of the spleen to ihe fTunt of its 
hitus, and thcncc to the cardiac end of the greater curvature of die sioiioach os the 
[eh Ltyer ^r^ ihc gmtrosffUmc Is^ummL It cavern the anten^superior surface of the 
stomach and commchccment of the duodenum, and ascends from the leaser ctirva^ 
ture of the stomach to the liver as the aEiierior layer of the lesser ament urn. The 
right free hi»rder of tfle Jailer has been previously described -(p. 1401 Jt *w*d at this 
l>ofdt-T iho anterior layer of ihc leaser iimcnrum (formed by peritoneum of tin? 
greater sac) becomes cc^ntiniious with the posterior hiycr of the lesser omentum 
(formed by the peritnncimi of the Pinentftl bursa). 

The omentaJ bursa. -The immitif hurfa^ or lesser sac i>f the perifoneum, is a 
large rceess of irregular outline which lies behind the atotriach and extends beyond 
its limits. Its anterior and posterior walls are exlcnstve and they arc limitoLi fay 
vuriafalc lower, right, left and upper borders. The recess is completely shut oif 
from the gneaicf sac erscepf in the upper part of its right border where a coni- 
municarion established through a sLlt-Jikc opemng- In its up|H'r part the p^JSterior 
wall of the lesser sue is formed by single layer o( peritoneLunn closely applied to 
Ehd posterior alidominal wall (Hg. 1166^ hut, below the pancreas, the sac is curried 
into the interior the grtaler omenium aiid irs posterior wall is formed by the 
posterior two layers of that siructutc, which, above the transverse colon, are 
adherent to the transverse mesocolon (fig. 1166), 

The rpifilmc (or aditus to the lesser sac) is a short, si it-like passage^ 

about j cm. in ifs vertical length, which leatls i>ui from iht? upper part of the right 
border of the omental bursa into ilie greater sac. Its witeriffr iro/f is formed by the 
right margin of tfie lesser omentum^ wluch eoninins between its two layers in this 
situation the bile-duct, tbc pnmt] vein and the hepatic artcr)' (fig. ri68). 'Fniocd 
upwards, the two layers separate and the posterior layer covers the taiidaic pn^cesa 
of the liver^ forming the r&of of ilie epiploic fommen (rig. 1170), and then descends 
in Iront ot the inferior vena C 4 iva, fonning ihe tcri/rnf the foramen. .\ij 

t^r a liirle below\ the upper border of the fir^t pan 0/ the duodcniirnk Ibis layer 
pusses tonviirds frtnu the from of the inferior vena cava and above the head of tbc 
pancreas to become continuous with the posterior layer of the lesser omentunt, 
and in this situation, it foTTns thc^ifwr of the cpipEoic foramen, ’'flte medial end 
of the Itiwr is contineoti^ inferiorly with the right border 0/ the lower ptirt of the 
omenta] bursii (fig. 11G7), and it is by pussing forw'arda bcltwv the medial end of 
the floor that the hepatic arten' hs able to insinuate isacif bctw’ecn the two layers 
of the Icii-^r omentum (fig. [|6^J. 71 ie narmw passage lying to the left of the 
epiploic foramen, below the caudate process of the liver and atniive the first part 
of the ducKlemim, is called the i'«rdjulr of the omvntaJ bursa. Traced laterallyp i-e. 
to the right, alE the boundaries of the epiploic foran^tn bcoomc continuous with 
peritoneum of the gficaicr sac. The roof is contitinous with the pcritoiteal coTcring 
of the inferior surface of the right kibe of the liver (fig, i5io); the posterior wall 
with the peritoneum on the right suprarenal gland (fig. 1167)- the onterkir wall 
wtilx the anterior la)ner of the lesser omentum round the portal vein and the bile- 
duct (fig. I rfif^) ; the floor with the peritoncuin covering the lower part 0/ the right 
i^uprarenal glnml and the adjacent parts of the diitKlcniim and right kidney (iig* 
1167}^ ITc anterior and posterior walls of ibe epiploic foramen are normaEv ifl 
contacE w ith each other. 

The fftnrnfai harm and its boundaries can now he considered in dctalL The 
atilirriar K-uil is formed £t) by the peritonemn which covers the pustero-inferinr 
aspect of the stomach and the first z cm.^ or Less, of the dui^denum. Traced down* 
Wards this layer becomes the posterior of the anterior two layers of (2) the greater 
omenium; traccil upwards and to the right, it leaves ihc stomach along the lesser 
curvature and the ducHienum at ils upper btirder, and becomes the pristerior layer of 
I die lesser omentum. I'lic omental bursa Is usually dc£eri!>eii as passing upwards 
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^^jiVrd* the ciuichitc lube of the livcr^ but this description isscarci^ly accurate^ for the 
caudate lobe projects into the omcDtil bursa from its right border and is covered by 
peritoncuiTL on Its anterior as well as an its posterior surface {bgs. i ib6 and izio)^ 
"Vhc posterior iicati is formed by the anlcriar of the posterior two layers of the 
greater omenium. Abovc,^ the posicrior of these two layers is fused wuth| but 
separable from, the peritotienm on the upper aspect of the transverse colon and the 
upper Layer of the tmnsverse mesocolon. The surgeon can thus sepsirate the 
omentum from the transverse colon and it^ mesocoEon and in this way gain access 
to the postenor wall of the stomach through the posterior waEl (greater ornentum) 
of the omental bursa. A tranaverse incii^ion at t)ic pl&ce where the omentum meets 
the trans^’erse colon opens up the embryological plane (" bloodies plane of ad¬ 
hesion of the oTnenturn to the colon and its mesocobn and thus passes between the 
omentaj vessels (from the gastro-cpiploic veaseb) in the greaicr omentum and ihc 
middle colic vessels in the transverse mesocolon.* There are no anastomoses 
between the omental and colic vessels across the plane of embry ologicaJ edheabn 
of ilie omentum and transverse mesocolon. Above the anterior border of the 


Ro. 1165.—The iupertor and inferior duoilenal nixsscE. (Aft4!r jonneaco.) From 
Foidvr atlii Clurpy^t Tnnl^ d^Analtxmi^ (?tliHUn ct Cic.) 
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pancreas, the posterior wall of the omental bursa lines the posterior abdominal wall. 
eoverinE a smaU pan of the front of the head, and the whole of die front of the neck 
and btidy of the pancreas^ a small pan of the anterior aspect of the left kidney and 
most of the anicrior aspect of the left suprarenal gland, the commefiecmcnt of tile 
abdominal aorta and the corliac arten^ and a mnsiderahle area of the Diaphiagm. 
In addition^ the phrenic* the splenic, the left gastric and, to a much sriiallcr extent, 
the hepatic arteries eoursc behind tlic omental bursa (figs. 1167 and t ifiS). 

The borders of the omental bursa are formed by tiie lines dong which the 
peritoneal posterior wall is reflected to become continuous with the peritoneal 
anterior wall, and tiicy are subject to considerable vajaation. The toi^ border is, 
developmcntally (p. 191), the lower border of the greater omcntfim, but* as a rulc^ 
partial fusion of the constitueru layers qf the greater omeotum occurs ^tcr birth* 
so that the eoriiy oj fkr irmentof in fke oduit does nof tistiaffy extend much belmo 
fke traNSVtrse cofm. The upper border of die omental bursa is narrow and extends 
between the righi side of the its^iphagtis and the upper end of the fissure fcir the 
tigameutum veniisum of the liver (%, liic). In this Jntcr^^al the perilantal posterior 
Willi of the omental hursd is reflected forwards from the Oiaphragiti and becomes 
continuous with the posterior layer of the lesser dnientum. 

'file right border of the omental bursa eorresponds, below, to the right free border 
of the greater omenmm. Above the upper end of the latter it is formed by the 
reflexion of the peritoneum frum the neck and head of the pancreas dn to the 
posterior surface of the flnit part of the duodenum (% t tbg). The line of this 
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TiOi 1167,—The potier^r Abdominal wn1l+ showing the lirns of pcritoneol reHcxion, 
Afti^r mnova] of the \iwr, aplem, itofnach, iejunum, ileum^ excitm, fvnntvmc 
colon And Aigmoid colon. 
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reflexion passes uputirde and to the along thi: medml aide of the j^tro- 
duodenal ancry. Nesr the upper border of the duodenum the right border becomes 
continuous with the floor of the epiploic foramen round the hepatic artery {%, 
1167). Above tJie openings \vhicb interniptfi its eontinuityi the right border \s 
formed by the reflexion of the peritoneujn from the Diaphraem to the right margin 
of the caudate lobe of the liver and it folbwa the left edge of the inferior vena caT^-a 
(fig. 1167). 

The fjf/jf AfWiT of the omentaJ buraa i& formed^ below^ by the left free njargin of 
the greater omenluin. Above the root of the trajiBverge mesocolon (fig. 1167) the left 
border is brooder. It is formed by the iiaiomiat and the iigammts 

(fig* u68)p which togedier represent a part of the original dor^l mesogastriuni 
(p. 197)* The Iknorcnai ligament e^ttends from the front of the left kidney to the 
hilus of the spleen as a tw'o-layercd fold, in which the splenic vessels and the tail of 
the pancreas (figs. 1167 and 1168) arc enclosed. From the hilus of the spleen these 
two layers are continued forwards to tiie groater curv-ature of the stomach as the 
gostrosplenic ligament, l*hc inner (or right) layer of the Uenorenal lii^ent is 
directly continued into the inner (or right) layer of the gastrosplenic ligament i 
but the outer (or left) byer of the licLnorenaJ bgament, on reaching the back of the 
hilus of the spSeeUi is continuoLiJi with the visqerjl peritoneum whidi surrounds the 
spleen* The latter h then reflecned from the front of the hilus of the spleen as 
the outer (or left) laye r of the gastnoaplcnic ligament. Tii e spleen thus projects to the 
left Into the greater sac (fig. nhS). The part of the omental bursa projecting towards 
the spleen^ ^tw'een the lienorcnal and gastrosplenic ligamentS4 is known as the 
spkinc recesr of the omental buna. At their upper ends the Iknorenal and the 
gastrosplenic ligaments merge into a short fold^ termed tlse gasiro/^ftrtftih: figamtnt, 
which passes from the Diaphragm, behind, to the posterior aspect of the fundus of 
the stomadi, in front* The two layers of this ligament diverge m they approach tJie 
oesophagus and a part of tiie pcistcrior surface of the stomach b left devoid of 
peritoneal covering (fig. s 167). In this situation the upper end of the left border 
becomes continuous with the left extremity of the roof and the left gastric artery 
turns forwards to gain the lesser omentum. 

The interior of the omental bursa is encroached on by two sicklc^^haped fc Jds of 
peritoneum which are drawn into the sac by the hepatic and left gastric arteries. 
The upper or ifjtgattropuncr^^^itsc fol^ is formed by iJie left gastric artery as it passes 
from the posterior abdominal wall to reach die lesser cun ature of the stomach ; 
the lower or right gaitrop^ttcrmtic fold is formed by die hepatic artery as it passts 
fonvards from the posterior abdomlna] wall to gain the lesser omentum (fig. 1167). 
'fhe folds show considerable vsriarion in their depths but, when well marked, they 
coiiHtrict the lesser Jtac and enclose a foramen whi^ is son^crimes cilled the ff?ram^ 
hursfT omenti majorii. ^llic supfrnw rercjLt of the omenial bursa lies above the rorafnen 
and communicates through it with the ui/eraer rereu, which represents the irucftwrjii 
omfffitilif of the embiy^o (p, 196). 'I’he superior recess thus lies behind the lesser 
omentum and tlie liver* while die inferior recess lies behind the stomach and in tlte 
greater omentum* 

During a considerable part of fcetal life the transverse colon is suspended from 
the poaterioT abdominal wall by a mesentery of its awni. the posterior two layers of the 
greater omoitum passing at diis stage in front of tlie colon (fig* ^05), This condidon 
occasionally persists throughout life^ but as a rule adhesion occurs betwwn the 
mesentery of the tnmsversc colon and the posterior layer of the greater omentum ; 
even so* these layers of peritoneum are separable in the adult (more readily in the 
living subject than in the formalinised cadaver) [.see pp. 1402^ 1406), In the adult 
the omental bursa inters cues between ihe stomach and the structures on which that 
vkcus lies and ivhich form the ' stomach bed * (p. 1417) it performs therefore the 
functions of a serous bursa for the stomach, facilitating the movements of the latter 
over the neighbouring Elructures. 

Numerous peritoneal folds estend between the v'arious organs or connect them 
to the parietes ; they serv'e to enclose the vessels and ner^'es proceeding to the 
viscera and, although they are clearly not designed to sustain any w'elghti they help 
to retain certain of the viscera in contact \rith one another. They are grouped as 
ligaments, omenta and mesenteries. 

The ligafTtents will be described with their respective organs. 

There are two omenta* the lesser and the greater. 
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The Uss€f &rrtFfttum is the fold of peritoneum which extends to the \ivtr from the 
leaser enrratunt of the etomach ana the commcnccmcht of the duodcnuiti. It is 
concinuou^ with the two layers which ciavct the antefo-supersor and postcro-inferior 
Aurfacca of the atontach and the firat 2 cm., or leas, of the duodenum. From the 
lower part of the lesser curvature of the stomach and the upper border of the duo- 
denum^ these two layers ascend as a double fold to the porta hepatis \ from the 
upper part of the lesser curvature, the twu layers pass to be attached to the bottom 
of the ftasure for the ligamentum venosum. The hepatic attachment of the lesser 
omentum therefore^ J-ahaped, the horiKontal limb corresponding to the margins 
of the porta hepatis, and the vertical limb to the Root of the fissnre for the lig^imentum 
vertosum^ At the upper end of the latter, the lesser omentum reaches the Dia¬ 
phragm, where the two Inyecs separate to embrace the end of the msophagus. At 
the right border of the omentum the two layers are continuous, and form a free 
tnargin which constittiics the anterior brumdary of the epiploic fc»r^men. The 


Fjo. it7i.«The tup<mr duodenal fecess. 





portion of the lesser omentum extending between the liver and stomach ia named 
the iiepfitogastwif iigamrnf, and that Ijetwecti the liver and duodenum the 
titioJrnal tigafHfrtt. CIdsc to its right free margin the two layers of the lesser 
omentiint enclose the hq^atic artcr)% portal vein and bile duct, a few lymph nodes 
and lymph vcMeU, and the hepiitjc plexus of nerves—all these structured being 
enclosed in a rifarous capsuk. Termed the perivasaihr Jtbrtjujs captuie. 't'he right 
and kfi gastric arteries, tlie ajmsponding veins, fikmenta from the gastric (vagus) 
nerves (p. 1422), and some of the left: gastric lymph nodes and Ureir vessels, lie 
bctivcen the layers of the le^^r omeiTtum, where these arc attached to the stomach. 
Tire left part of the lesser oinentiitn is thinner than the right pan and mav be 
fencat rated. 

The grfatfr ornmium is the largest peritonea! fold. It consists of a double sheet, 
folded on itself so that it is made up of four layers. The two layers w^hich descend 
from the stomach and commejicement of the duodenum pass dowmvuids in front of 
the small intestine for a variable dis^cc \ they then turn upon themselves, and 
ascend again as far as the antemsuperior aspect of the transverse colon (opposite tile 
CEtiia omcntalis). They fuse with, hut are separable from, the peritoneum on the 
upper surface of the tianiverse colon and the upper layer of the transverse meso¬ 
colon (jw pp. 1402, J406). The left border of the greater omentum h continuous 
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above with ihc g^trosplcnic Ligament; its right border extends as far os the com* 
mencement of iLie duodepmn. The greater omentum is usually thin* and prints 
a cribriform appearance^ hut it always contains some adipose tissue^ which m fat 
people is present in considerable quantity^ Between its anterior ri^vo layers, about 
a Unger's breadth from the greater curvature of the sioirtach, the right and left 
gastm-epiplojc vessels anaatomo&o with each other. 

Apart from functioning ns m stOTehouse for fat, the creater omentum to some 
extent nets a5 a “ ptolcciur" against the spread of infection from die viscera into the 
periioneal cavit>^ In this connt^on it U noieworthy ibftt, when the libdomtn ia 
cfmefully OFMrned irrilhoul djaTurbing the organs, ihc greater omenttim is frequenily 
found tucked up abouE the in the upper part of the abdomen ; only occBsioruilly 

is it found aptcad out evenly in front of the intestmesn It has a lesacr capacity for 
jth^rprion than the peritoneum in general and this factor, coupled widi its innbilityK 


Fig,^ 117a.“-The termiiLd part of the ileum, the caecum and the vcmiifofTll 
appendixw Viewed Crotn in frontH 
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is irnportant in the pmtective m\Q it plays in inflammation of the viscera, That tt u 
not a vital ph>'Bic>logical orsan is indicated by the facts that it ia occasionaJly con¬ 
genitally qb^nt qtid that tt may be remised without apparent ill effect. Hie greater 
omentum contains numcrouis fwed rnaemphagea (histiocytes,, p. 12)* which can be 
mobilised into free ituierophages. These ctl\& may accumulate in places into dense, 
oval nr rnurttl patches, vEsibIc to the naked c/e as * milky fpt>£s ' on the omentum. 
Similar spots may be found an other semus meinbiranes (plcuror pericardikim). 

The mesenteries are: the mesentery (mEa^ntciy proper), the mcsentcriole 
of the vermiform appendix, the tronivcnsc mesocolon and the sigmoid! muaocoLon+ 
]n addition to tticsc an ascending and a descending mesocolon arc Sfjinctimes present. 
The mesefitfry is a broad * fan-ahaped fold of peritoneum connecting the coib of 
jejunum and ileum to the posterior abdominal w'ail. ^Fhc border attached to the 
posterior wall of the abdomen ts oiled the root 0/ the meieniery ; it is about 15 cni+ 
long and is directed obliquely dowmwards and to the right from the duodeno¬ 
jejunal flexure (at the left side of the second lumbar vertebra) to the upper part of the 
right sacro-iliic joint. In this course it passes aucccssively in front of the third part 
of the duodenuen (where the superior mesenteric vessels enter the mesentery), the 
abdominai aorta, the inferior vena cava and the right ureter and right Psoos major 
muscle. The intestinal border of the mesentery is about 6 metres long and is 
1 r 
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thrown inw nurncrous plants or frills. The pleating diminiahes toM^rds the 
posterior abdominal wall where the loot is sitached alcmg almost a straight line. 
The cemml part qf the mesentery is the longest (measured from its rtwi to its 
intestinal border) and attains a maximum of about 20 em.; it b^omes shorter 
towaitis each end. 1’he mesentery consists of tivo layers of the peritoneum of the 
greater sac—right and left—between which lie the Jejunal and ileal branches of the 
superior mesenteric artcr)', with their accompanying veins, nerve plexuses and 
lymph ves^sels (here called lacttah), the meicnteric lymph nodes^ connective tissue 
and fat. The fat is most abundant in the lower part of the mesentery and here 
extends from the root to the intestinal border ; in the upper part, the mesentery 
contains less fat anil this tends to accumulate near the root and leave oval or circular 
fat-free* translucent areas {" windows") in the meseniery adjoining the upper port 
of the jejunum. At the intestinal border of the mesenicry, the two layers of 
peritoneum enclose the gut, forming its visceral peritoneal coal. At the root of the 
nicscntcrVfc the right layer of the peritoneum is reflected* in its lower part, over the 
poster ior^abdomtnal w^'iU to cq%er the ascending colon, and in its upper part, to be¬ 
come continuous with the inferior layer of the transvcrac mesocolon ; w^hereaa the 
left kver passes to the left over the posterior abdominal wall and descending colon. 
(It is helpful to beai: this arrangement in mind when determining w^hich is the 
proximal and which the distal part of a coil of small intestine in situ-) 

The maefttfriQh 0/ the vrrmiprrm iipfvHdLx (fig. 1173) is a triangular fold of 
peritoneum w hich clothes the vermiform appendis, and is attached to the back of 
the lower end of the mesentery* close to the ileocffical junction It usually extends 
to the dp of the appendix, but sometimes it fails to reach the distal thirds ofiso, and 
is here represented by a low peritoneal ridge containing fat. Its layers enclose the 
blood-vessels, nerves and lymph vessels of the vcrmiforni appendix, together with 
a lymph ntnle (jrr aha p. 1+3^)* 

The trmsvfm wfts^^colon is a broad fold which connects the transvcrac colon to 
the posterior abdomino] wall. Its two layers pass from the anterior surface of the 
head and the anterior border of the body of the pancreas to the posterior surface of 
the transverse colon (opposite the lamia mesocolica), whore they separate to 
surround that part of the gut. The upper layer is adherent to, but separable from, 
the greater omentum {sit pp. 140a, 1406 and fig. 1166). Posteriorly, the upper 
laver covers the anterior surface of the pancreas and is continuous above with the 
lower layer of the greater omentum, while the lower kyer of the transverse meso¬ 
colon covers the inferior surface of the pancreas and passes thence on to the front 
of the third and fourth ports of the duodenum. Bctivcen the layers of the tranaverse 
mesocolon the blood-vessels, netv'ea and lymphatics of the iransvet^e colon are 
found. The middle colic artery' po^ea downwards and to the right, leaving a 
large non-va&cular area of the "fold to its left, and a similar but smaller area 
to its right- 

The sigmoidmrsoeohn is a fold of peritoneum which attaches the sigmoid colon to 
the pelvic wail, its line of attachment has the form of on inverted the apex of 
which is near the point of division of the left common iliac artery (fig. uby)" the 
left limb descends on the medial side of the Pooas major ; the right limb passeg into 
the pelvis and ends in the median plane at tlte level of the third sacral vertebra. The 
sigmoid and superior rectal vessels run betw’een the tvvu kyera of the dgmoid 
mesocolon and the left ureter runs down into the pelvis behind the apex of its parietal 
attachment. 

In miMt cases the peritoneum covers only the front and sides of the ascending 
and descending parts of the colon, but sometimes these are surrounded by periton¬ 
eum and attached to the posterior abdominal wall by an ascending and a descending 
mesocolon respectively (p- 1436)- A fold of peritoneum^ termed the phramcoc^lk 
ligummt, is continued from the left colic flexure to the Diaphragm opposite the 
tenth and elcvxntb ribs ; it has an anterior fret border and passes below and latend 
!o the lateral end of the spleen : it is sometimes given the misleading name of 

The appaidicfs are small pouches of the peritoneum filled with fat and 

situated along the colon ; they are beat marked on the transverse and sigmoid parts 
of the colon, absent on the rectum and rudimentary on the c^um and appendix. 
Manv contain a small arteriole which enters them from the w^l of the gut. In the 
cose of the colon* they are moat numerous along the line of the t^ia iibtra (p. 1447)- 
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Peritoneal recesses.-In certain pam of the ahijDinen, pentoned folds may 
sometimes be found which bound fossa? or recesses of the peritoneal cavity. These 
recesses are of surgical importance since they may become the site of * intemaJ * 
hernia?, that is, a piece of intestine may enter a recess and may be constricted 
(strangulated) by the pcritancal fold guarding the entrance to the recess. As the 
entrance to the recess m ust be cut to relieve the strangulation and allow the gut to be 
dravm out of the recess^ tt is necessary to note whether the fold contains a blood¬ 
vessel nr is ava^^cuiar. From a surgicaj point of \-icw the omental bursa cun be 
considered to belong to this caiicgory'+ with ils opening at the epiploic foramen, 
guarded in tront by the free border of the lesser omentum. Other recesseSp of much 
smaller size, arc some times found in rcktion to the duodenum^ caecum and sigmoid 
mesocolon. 

1 . Duodenal : 

{a) The superior duodenal ntess (fig. 1165) is present in about 50 per cent, of 
subjects ; it may exist alone but usually occurs together with the inferior duodenal 
recess. It lies on tlic left side of the upper portion of the fourth part of the duo¬ 
denum, opposite the second lumbar vertebniH and is situated behind a sicklc-shaped 
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fold of peritoneum, the superior duodenal /o/if, which has a semilumr free lower 
margin and which merges, on the left, with the peritoneum covering the front of the 
left kidney. The inferior mesenteric vein lies f^hitid the point of junction between 
the left end of the superior duodenal fold and the posterior parietal peritoncuin. 
The recess is about 2 ari. deep and admits a fingertip ; its orifice looks dowmw'ards 
and is situated in the angle formed by the left renal vein as it crosses in front of the 
abdominal aorta. 

The in/fTior duodenal mess {fig, J165) is present in about 75 per cent, qf 
subjects, usually in association with a superior duodenal recess, with w^hich it may 
share a single o^^al orifice. It lies on the left side of the Jow'er portion of the fourth 
part of the duodenum^ opposite the third lumbar vertebra, and is situated behind a 
non-vascular, triangular peritoneal fold, the injmor duodenalfold, which has a sharp 
upper free mar^n. The recess is about 5 em, deep and admits the tips of one or two 
fingers; its orifice looks upwards, facing dial of the superior duodenal recess. 
According to Rcndk Short {BriLf* 19251 voL t2, p. 456), die superior and 
inferior duodenal fossa? do not appear to be of pathological importance* The inferior 
duodenal recess, however^ may sometimes extend ^liind the fourth part of the 
duodenum and to the left in front of the ascending branch of the left colic artery and 
the inferior mesenteric vein; in these circumstances thia large fossa is liable to 
become the site of an internal hernia. 

(c) The paraduodenal recess (fig. 1 171) may occur together with the superior and 
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inferior duodenal recesses. It is found more fr^uendy in the fums and new¬ 
born chiJd ihan in the adult, in whom it oceiirs in about z per cent, of subjects. It 
lies a Htilc to the left of the fourth pan of the duodenum^ behind a fakiform 
peritoneal fold (paraduodenal fo1d)t the right free edge of w hidi contains the inferior 
mesenteric vein accompanied bv the ascending branch of the left colic arteryp tSte 
fold forming a mcsenfcerj^ for these vessels. The free margin of the fold lies in 
front of the wide orifice of the recess^ which is directed lowurds the right. 

(d) The retroduodcn&l recas is only occasionally present, ft is the largest of the 
duodena} recesses and lies behind the third and fourth parts of the duodenum, in 
front of the abdominal aorta. Ii extends upwards nearly as fat as the duodeno¬ 
jejunal junction, being about S to lo oUk deep, and is bounded on either side by peri¬ 
toneal folds (the duodcnoparieiul folds); its orifice looks downwards and to the kfu 

(e) *rhc du^tttoj^urtai or rereiJ is present in about Zo per cent, of 

subjects and is rarely or never accompanied by any other variety of duodenal recess* 
It is about 3 cm. deep and lies on the Jcrfi side of the abdomin^ aqrta^ between the 
duodenojejuna] junction and the root of the transverse mesocolon ; it is bounded 
above by the pancreas, on tlte left by the left kidney, and below by the left renal 
vein. Its orifice is circular^ bounded by two peritoneal folds (duodcnomcsocolic 
folds), and looks downwards and to the right, 

(/) The mrirfiltTko-pariefal rriesi (of Waldeyer) ia found more frequently In 
the hetus and the new -born child than in the adult, in whom it occurs in about i per 
cent, of subjects. It lies just below the third part of the duodenum and invaginates 
the upper part of the mesentery towards the right. Its orifict: is large and looks 
towards the left; it is guarded in front by a fold of the mesentery raised by the 
superior mesenteric artety* 

z. Cifcai reressfS .—The principal peritoneal recesses in the neighbourhood of the 
csecum arc : 

(fl) The jtipmVir ifeocieiral recm (figs. 117^, 1173) is usually profit, and best 
developed, in children, but ii may become reduced in size and is often absent in 
the aged, especially in the obese. It is formed by a peritoneal fold (the vasculnrfold 
oj /Af which archer over the branch of the ileocolic artery' [and its accom- 

panGng vein) that supplies the ileocsccal junction on its anterior surface (anterior 
ca;C-al artery). The recess is a narroiv chink and is bounded, in front, by the 
vascular fold of the c^Ecum \ behind, by the mesentery of the ikuin ; S>elow, by 
the lerminul part of the ileum and, on the right, by tile ileocofcal junction. Its 
orifice opens downwards and to the left. 

(A) The mfmor ikoaecal w«j (figs. 1172+ 1173) ia well-marked in the young 
aubje^ but is ftequemiy obliterated by fat in advanced age. It is produced by a 
peritoneal fold^ the fold^ w'hich extends from the anterior and inferior 

surfaces of the terminal part of the ikum to the front of the mesenieriolc of the ver¬ 
miform appendix (or to the appendix or the c^cum). The ileocecal fold is also 
known as the “ bloodless fold of Treves '* but it sometimes contains blood-ves^eU ; 
if infhmicd, and especially if the appendLx and its mcscnlcriolc lie behind the ca^cum^ 
the fold may be mistaken for the mcscnicriolc of the appendix^ The inferior iJeo- 
ca:cal recess is bounded, in f^ont^ by the ilcto^xal fold ; above, by the po^j-ierior 
surface of the ikum and its mesentery ‘ to the right by the csecum, and, behind, by 
the upper part of the mcscnteriolc of the verniiform appendix. Its orifice opens 
towards the left and downvrards- 

(c) 'riio mtis (fig. 1173) lies behind the ca?cum ; It varies much in 

si^e and extent and may occasionally extend iipward>$ for ewme distance behind the 
ascending colon and be deep enough to admit an entire finger. It is bounded^ in 
front, by the csccum (and sometimes the lower pan of the ascending colon); behind, 
by the parietal peritoneum and, on each aidoi by the folds (parietocolic folds) 
of peritoneum passing from the caecum to the posterior abdofninal wall The 
vermiform appendix frequently lies in this rc^ce^ (p, 1+35)* 

3, The inter^^itAd rm^s is constantly prtisent tn the im\m and during infancy, 
but may disappear as age advances. It lies behind the apex of the A-shaped 
parietal attachment of the mot uf the sigmoid mesocolon and forms a funnehshrtped 
recess which is directed upwards ; its orifice opens downwards. The recess varies 
in $\ze from a mere dimple to a fossa which will admit the little finger^ and its posterior 
w^all, formed by the peritoneum on the posterior abdominal w'all, covers the left 
ureter as it crosses the bifurcation of the left common iliac artery^ Occasionally the 
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reccsa- Ites ^vithin the liayerH □£ tht! sigmoid mcsc>colan n&nvr the gut th^m the rtjot of 
the ineaocolon. The presence of the recess is due to imperfect blending of the 
me&ocalon with the posterior parietal peritonctim. 

idpfoma/oufIn udditioo 10 tlie folds deiicribed above in connexion 
with the peritoneal recesses^ certain other peritoneal folds, bonds, or ligaments arc 
sometimes found in the abdomen. They arc of inicrc:$t in that some of them are 
considerDd to cause obstruction to the passage of food materials along the gut by 
exerting traction on, and producing angulation of sections of the intestine. Others 
ate thought to be of impormnee in Limiting the spread of peritoneal effusions to certain 
localities in the abdomen. ''JTictr eatact mode of origin is doubtful and they have been 
variously artribuced to errors in developmenii to previous inlliimmaripti (peritonitis) 
and to mechanical traction by the gut^ possibly assE>dated with the evolution of the 
upright posture in man, though die latter factor ia improbable^ These anatafnically 
anomalous folds must be distinguished from pathological adhesions which are defin¬ 
itely due to peritonitis, and it must be borne in mind tliatj when coils of intestine are 
pulled out of dieir normal position by the observer, they may be srtificklly kinked by 
the traction thus exerted upon their mesenteries, with resultant simulation of bands,^ 
whereas none actually existed w'ith the gut m iitu. Further^ these onomalDus folds 
only become pF clinical impomnee if it be proved, in a given case, that they interfere 
with the normal function of the gut, and mere discovery of their presertEre should not 
cause a search for another—the rc^l—cause of the symptoms to be neglected. The 
principal anomalous folds which are encountered are ms fotloivs : 

(n) Occasionslly the lesser omentum is prolonged to the right of the usual site of 
the epiploic famnien in the form of a peritoneal; fold which may pass from the 
gall-bladder to the hrst part of the duodenum (cystoduodenal ligament), or in front 
of the latter co the greater omentum or right colic Oexure ; or from the under surface 
of the right lobe of the liver to the right colic dexure (hepatocolic ligament)^ 

(i) The duodenojejunal Junction is sometimes joined to the transverse mesocolon 
by a peritoneal band. 

(c) I'hc greater omentum may be aitached to the front of the ascending colon or 
extend over ii to the lateral abdominal w'alL A thin sheet of peritoneum (Jackaon's 
membrane), conmining hne bEocni*vessels, may pass from the front of the ascending 
colon and citcum to the laccral part of the p^^tcrior abdomiinal wall ; it may be 
continuous, on the left, with the greater omentum. Occasionally a peritoneal band 
paooes from the right side of the ascending colon to the latcml abdominal wall nt about 
the level of the iliac crest i it has been rallied the ' sustentaculum bepatis \ but it is 
only closely related to the liver in firtal and early postnatal lifcp when that organ is 
relatively larger than In the adult. Other folds passing from the ascending colon to 
the posterolnieral abdominal Wall may divide the riKht lateral paracoLtc gutter (the 
groove bettveen the right side of the ascending colon and the poaicripr abdominal 
w»!l) into several small reccascSi 

(d) The ascending colon^ and less frequently the descending colon, may have a 
mesentery (rw footnote on p. 1435). 

(^) The proxinial and disLal ends of the sigmoed colon may he bound close to each 
other by a hbrous band. 

(/) Frequently a fan-shaped peritoneal fold [the pr^pfenic fold] extends from the 
anterior surface of the gostrosplcnic Ligament (near the greater curvature of the 
stomach), below the lateral end of the spleen^ to blend with the pbrcnicDcoUc Ligament. 
It may be adherent to the spleen or to the Diophrngm, and it coniaina branches from 
the splenic or left gpstm-cpiplok artery. The nmental bursa may be prolonged into 
ttic fold. The fold is better marked In the f^etuji than in the adult, in whom it often 
appeals to be merely a part of the phrenicocolic ligament. It may be of importance 
in. limiting peritoneal effusions in the left aubphtenic region (ree iVr/orc), and, if ad¬ 
herent to the spleen or l^iapbmgm, it may form a vascular obstruction m the surgical 
nr'mcival of the sptcicn. 

(g) A fihmus band, described as passing fmm the terminal part of the ileum to the 
posterior abdominal wall, and a similar one passing from the proximal part of th« 
sigmoid colon to the posterior abdominal wall, w-cte formerly thought to be the cause 
of partial obsitucrion by prtMJucing kinking of these parts of the gut, but such a view 
docs not receive much support at the present time. 

Special region^ of the peritoneal cavity.—^Fitim the point of vlcvv of the spread 
of pathologicoi collections of fluid, the peritoneal cavity is subdivided into a number 
of potential spaces which ans normally in communjeation with each other, but which 
may became scaled ofiT from one another by pathological adhealona between the neigh¬ 
bouring perironeum and viscera These spaces are os follows : 

(i) The supracoiic (or subphrenic region) ties berw^een the Diaphragm above, 
and the tnmaver^ colon and its mesocolon below. It is subdivided into (a) the right 
juApArenfe jpnre, which lies between the Diaphragm and the anterior, superior and right 
lateral surfaces of the right lobe of the liver, bounded to the left by the falciform liga- 
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merit, and behind by rhe upper layer of the curoniiiy ligament ; (6) the left subpiwenk 
which lies betn'een the Diaphragm, the anterior and auperinr surfacea df the left 
lobe of the liveri the anterosuperior surface of the stamfich^ and the diaphnipnatic 
surface of tlie apLeenp bounded to the dgbt by the folcifomi ligoment,^ and behind by 
the anterior layer of the left triitrvgiilar ligament ; (e) the right spites (also 

known a^ the hepatorenal pouch, and MGnsun':^ puuch), which is bounded, above and 
in front, by the inferior aurfEice of the riglit lobe of the Eiver and by the galbbladder ; 
below and b^Lnd, by the right auprarc^ (t^and. the upper part of the right kidneyp 
tile second part of thr duodenum^ the right colic flcKure, the transverse mesocnlnn 
and part of tlie head of the pancncBa j above and behind, it cxictidfi between ilie right 
kidney and liver as far oa the inTerior layer of the coronary^ ligament and the right 
trilingular ligan\L‘nt : (if) the /eft fvhfKpatic which is the omental bursa. 

The right infracolii: jpacr lies below and behind the transverse colon and 
mcscK:oLon and to the right side of the mesentery, owing to the obliquity of which the 
space is widest abovci The vermiform appendix someTimea lies in the low'^er part 
of this space, 

(3) 'The iefi in/faeoli^ space lies below and behind the transverse colon and meso¬ 
colon and to the left of the mesentery ; it is widest below and in free comniunication 
with the pelvis 

(4) pelvic iovity. 

Two cxtmperitoneal * space-s ' in the subphrenic region arc dchned, which may 
likewise become the site of localised infection. They are r (o) the right exlrapetiiotieal 
spacef which lies between ibc two Layers of the coronary ligament; the ' bane area ' of 
the liver, and the Diaphragm ; and {t) the Ufl extraperitonea/ space^ which comprises 
die extrapcritotical connective tissue around the left suprarenal gland and the upper 
pole of the Left kidney. 

Abtorpiion fittm ihr peritoneal cavity .—With regard to the question of the absorp¬ 
tion of fluid effusions from the peritoneal cavity, substances in complete solution 
(solutes) are probably absorL^ed directly into the blood capillaries, whereas particulate 
matter in suspension probably passes into the lymph vesselsp with tht aid of pbugo- 
cytes (pobmorphanuclears and monDC>'tcs). After abdon!kirLa| or |>elv'ic operational 
it has Ljeen costpmsiry to prop up die putient In bed so that any infiammator>' intra- 
peritoneal effusion that may ensue will gravitate Into the pelvis. The presumed 
mason for adopting this position was that the peritoneum in the subphrenic region 
had a gre&tef absorptive capacity than the other regions; hence the indammaiory 
matcrial, if it gained access to this region, w-'ould more rapidly pass into the general 
circulation. Lt was held by some thut in the subphrenic region there were gaps 
(peritoneal stomata) between the epithelial eelis lining the peritoneum and aimilar 
gaps (cndothebal stigmata) between the endothelial cells lining the lymph vessels 
subjacent to the peritonKumt and that these gapg greatly facilitated absorption. It is 
now genemlly believed that the^ gnps ate artefacts produced during the histological 
technique employed to demonstrate them, that absorption is more or less equally 
rapid in all parts of the peritoneum, and that the greater absorption in the upper part 
of the abdomen is to be correlated partly with the larger area of the peritoneal fiurracc 
in the iubphnentc region and partly with the fact that respiratory movements expedite 
ebsorpeian in this xone. 

Vessels and nerves 0/ the peritoneiirru —lltc parietal and visceral layers of the 
peritoneum ate respectiveiy developed from the somfliopteuraL and spIanchnopieuraJ 
layers of the lateral plate mesoderm (p, 77)^ Correlated with their -^nbryological 
origin, it is found that the parietiLl peritoneum derives its attcrlsi supply from the 
iomatic (body-wall) arteries supplying the aLxIominal and pelvic walls, its veins Join 
the syitemic vdns in the neighbouring parts of the LM>dy-waII, Its bmphaties also join 
those in the body-wall and thus drain into parietal lymph nodes, and its nerve-!?upply 
is dtrived from the Epitial neires supplying the musdes and skin of the LHKly-wall ; 
whereas the visceral peritoneum, which is m be considered as an iniegial part of the 
viscera themseJvcSk derives its arterial supply from the arteries supplying the appro¬ 
priate viscera, Its veins and IjTnphstics Join the visceral veins and lymph vessels, and 
its nerve-supply is derived from the sympathetic nen^es innervating the viscera. 
The differences in the sensibility of the two layers of the peritoneum is thus to be 
correlated with their different Innen’ation^ Whereas pain is elidted by the applies- 
don of tactile, thermal cr chemi cal impulses to the parietal peritoneum (in the con¬ 
scious padent)^ these striiiuli do not form adequate stEmull when applied to the visceral 
peritoneum {or to the viscera themscLves). Par example, the liver, stomach or 
Inteatine can be cut, pinched, clomped or humed in the conscious subject without 
evoking pain, the insensibility of the allmentar>' canal to these forms of stlmulatlpn 
extending about the middle of the cesophagua down to the junction of the ento- 
deimal and eclodermai pom of the inal canal. On the other hand, an adequate 
gthnulus which provokes pain in the viscera or visceral peritoneum is tenaion,^ such 
as may be produced by over-dlfttension of the hollow viscera or tractlnn on the mrsen- 
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tfrieSi which stretcher the ncrv-c pkacusM in the wallA oF the arwna or the nerves in 
the mesenteries. Other adeqiuiate stimuli ore spiism of via^eml mLLScler and ischieniiii 
(deprivation of blood supply^J. 'J*ht $mnatic: neircs whtch supply the parietal perito¬ 
neum also supply the ncij^hbourlng (or corresponding scgitientnl area of) skin sind the 
triink mujfrctes^ and in where the parietal peritoneum is irritated (fnr ejEsimple* by 
inflammatinn) the snuseles are reflexly stimulated to contract, thus producing rigidity 
of the abdominal Avail in that region. 

The Stomach [VEfcnucuhUs] 

The stomach ts the moat dilated part of the digestive tubc^ and is situated 
between the end of the trsophagud and the beginning of the small intestine. It lies 
in the epigaatrict umbilical and left hjpochandriac regions of the abdomen, and 
occupies a mxss bounded by the upper abdominal viscenii and completed in front 
and on the left side by the anterior abdommal Avail and the Diaphragm. 

The shapr and pctffVi<?Ft of the stomach are so greatly modified by changes within 
itself and in the surrounding viscera that no one form and no single position can be 

Fnjr 117^^—The EtomBch m titu^ after the remov^J pf the liver. 
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described as typical. The chief modifications axe determined by (i) the amount of 
the stomach contents, (aj the stage which the digestiA c process has rcsched^ (3) the 
degree of development of the gastric musculature^, and (4) the condition of the 
adjacent inicstines; but certain features arc more or less common to all {jer aiso 
p. 141S). 

Tlie stomach has cavo openings, two borders or curvaturca, and two surfaces. 

Openings.—The opening by which ihc o^phagus communicates with the 
stomach is known as the CrtTifiac orifice, and is situate on the left of thc^ median 
planCp behind the seventh costal cartilage 2-5 cm. (one inch} from its junction with 
the sternum, and at the level of the eleventh thoracic vertebra. It is placed about 
to cm. from the anterior abdominal w-all aud ts 40 cm. (16 inches} from the incisor 
teeth. The short abdominal portion of the cesophagus is conical in shape and curved 
sharply to the left, the base of the cone being contintioiis with the cai^iac orifice of 
the stomach. The right margin of the oesophagus is conrimious with the lesser 
oirv^tute of the stomachy while the left margin joins the greater curvature at an 
acute iLOgle^ termed the carding no/cA. The part of the stomach w hich lies to the 
left of and above the level of the cardiac orifice b called ihr fundus. 
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The opening by which the stomnch communicates with the duodenum is named 
iht pylijtic mfietj sind ita position is usually indicated (fig. r 174) by a citciilar groove 
on the surface of the organ^ termed the pyfoTtt cGmtririhn, which indicates the 
position of the pyloric sphincter. In the lining Bubjeetp at operationp it can be 
identified by the prepyloric vein, which runs vertically across its anterior surface^ 
The pyloric orifice lies 1-2 cm. (half an inch) to the right of the median plane at the 
level of the lovincr border of the fimt lumbar vertebni+ the body is jji the supine 
position and the sioma^ii is Mpiy. 

Curvatures,—The Jlr^rcr curvature^ extending bet%veen the cardiac and pyloric 
orificesj forms the right or posterior border of the stomach. It descends as a con¬ 
tinuation of the right margin of the msophagus in front of the decussating fibres of 
the right crus of the DiaphragniT then^ turning to the right, it curves below^ the 
omental tubero&ity of the pancreas and ends at the pylorm {fig* ii74)h The moat 
dependent pari of the curve forma a notch, named the angniar nt^fchf w^hich varies 
somewhat in position with the state of distension of the viscus ; it serves to separate 
the stomach into a right and a left portion. The lesser cun'alure gives atiachmcni 
to the lesser omentum, the ttvo laycn^ of which contain the right and left gastric 
vessels, adjacent to the lesser Curvature. 

The greater curvature is directed mainly fonvards, and is four or five rimes as 
long as the lesser curvature. Starting from the cardiac orifice at the cardiac notch, 
it forms an arch hackwrards^ upw^ards, and to the left; the highest point of the 
convexity (of the fundus) is on a level with the left fifth intercostal space and lies just 
below the Left nipple^ From this level it may be follow^cd dowmwards and forwards, 
with a slight convexity to the left almost as low as the cartilage of the tenth rib, 
when the body is in the supine position ; it then turns to the right, to end at the 
pylorus. Directly opposite the angular notch of the lesser curvature the greater 
curvatutre presents a bulge, which is the left extremity of the pylorie part of the 

stomach ^ this is limited on the right 
Fio- 1175.—An outline of the nomisl full by a slight groove, which indicates 
^Tcmach. □ model by E. fliTvlny.) thc subdivision of the pyloHc part 

into a pyloric antrum and a pyloric 
canal* The Latter is only ^ to 3 cm. 
in length and terminates at thc 
pyloric constriction. At hs com- 
me nee men t the greater curvature is 
covered by peritoneum continuous 
with that on the from of the stomach* 
On the left side of thc fundus and 
the adjoining part of the body, the 
greater cur^^ature gives attachment 
to the gaftrosplentc ligament^ while 
its lower portion gives attachment 
to the two layers of the greater 
omentum, separated from each other 
by the gnstro-epiploic ve^els* The 
gastrosplenk Ligament and the greater 
omentum arc directly ^nrimious, as 
they arc both parts of thc original dorsal mesentery' of the stomach (dorsal meso- 
gaatrium) (p* 197). 

Surfaces.—When the stoniach is empty and its walls contracted, its surfaces are 
directed upwards and downwards respectivclyv but when it is distended they look 
fonvards and backwards* They may therefore be described as anterosuperior and 
postero-inferior. 

Anterosuperiar surface—The left part of this surface lies under cover of the left 
costal margin, ft is in contact with the Diaphragm, which separates it from the left 
plcun, the base of the left lung, thc pericardium, and the sixth, seventh* eighth and 
ninth ribs and intercostal spaces of thc left side. It 11 also in relation to the upper 
fibres of origin of the I'ransversus abdominis, which intervene L?ctween it and the 
seventh* eighth and ninth cartilages. I'he upper and left part of this surface 
becomes p^crolaic^ and ts in contact with thc gastric aurface of die spleen. The 
right half is in relarion with the left and quadrate Lobes of thc liver and with the 
anterior aLjdomtnal Avail When the stomach is empty, thc iransvcrw colon may Be 
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on the front part of this surface^ The whotc surface is covered with peritoneum, and 
a part of the greater sac of tlie peritoneum inten'enea between it and the above 
structures. 

Thcpctf/CfO-ffl/cf'for suf/d£^ is in relation with the DLaphragm, the left suprarenal 
gland, the upper part of the front of the left hidiicy^ the splenic artery, the anterior 
surface of the pancreas^ the left colie flexure, and the upper layer of tlie transverse 
mesocolon i These structures form the shallow siomach-iftdy on which the viscus 
rests (lig. 1 T7b)t but the stomach is separated from them by the omcnfal bursa. 
The gaatKc auirace of the spleen is also generally diiSerilkrd els pari of the stomach- 
hed, hut as stated above it is separaCed from the stomach by a port of the greater 


Fig. 1176.—The * iterrueh-btid \ 
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sac. Further^ the greater onicntum and the tranaver^ mesocolon separate the 
stomach from the duodenojejunal flexure and small intestine- I’hc poatero- 
inferior surface is covered with peritoneum^ except near the cardiac orifice, where 
there is asmaJJ^ somewhat triangular area, in direct contact with the left crus of the 
Diaphragm, and sometimes with the left suprarenal gland. The left gastric vessels 
reach the lesser ouv ature of the stomach at the right extremity of this area (in the 
left gastropancrcatic fold, p. 1407), and from its left side a short peritoneal fold, 
termed the gmirophrrnk hgamrttt, which is continuous below with the licrLOTenal 
and gastrosplcnic Ligaments, passes to the inferior surface of the Diaphragm. 

A plane passing through the angular n<itch on the lesser curvature and the 
left limit of liic opposed bulge on the greater curvature divides the stomach into a 
large, left portion oibody and a sma!!, rights or pyiaric prtrr, 

Hy means of X-rays the form nnd position of the stomach can be studied In the 
living subject after the admuiiatnition of a meal containing barium sulphate 
(PI. ^^Vl)r During the process of digestion, it is divided by a muscular constriction 
into a large, dilated^ Left portion, and a narrow, contrarted, tubular^ right portion. 
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Tht con^tnction is^ in the Wdy the stoniiach, iwicl iJc»es not follow any of the aaa- 
tomicdl iiinclinark& ; indeed^ it shifts irraduaHy towards the left m digestion progresses. 
The position of the slomsch vfuries. with the posture, with ihe amount of the stomach 
contents and wii:h the condition of the into-^nea on which it rests- [t is als* jnfiu- 
enced by the tone of the abdominal musdes and of the musculature of the organ itselfp 
and by the type of body build of the indniduah In the commonesT of stomachn 
the empty organ is somewhat J-shaped and, in the erect posture the pylorus descends 
to the level of the second or the upper part of the third luinbar vertebra, and die most 
dependent part of the siomach is below* the level of the umbilicus. The fundus is 
usually distended with gas. V^ariatinn in the amount of its oontciits affects mabtly the 
body of tile stomach, the pyloric portion remainmg in a more or less conirflctcd 

FlO, 1177^—The InteiiDr of the stomachi, 



condition during the proeps of digestion. As the stotnach ^\U it tends to expand 
forwards and denvawards in the diTeeriop of least resiauriE;?, but when this is inter¬ 
fered with by a distended condition of the colon or intestines the fundus presses 
upwards on the liver and Diaphragm and gives rise to the feelings of oppression and 
palpitation complained of m such cases. When hardened fjv \it|ir the contracted 
stomach baa a sidtle shapCp the fundus looking directiy backwards. The surfaces ore 
directed upwards and downwards, the upper surface having^ however, a gmdual 
downward sJopo to the rii^it. The greater cur%-attirc is in front of and at a slightly 
higher level than the Icfiier. 

The position of the full stomach depends, as already indicated, on the stare of the in- 
tcetines: when the latter are emp^- the fundus expands vertically and aio forwards, the 
pylorus is displaced towards the right, and the whole oig:an assumes an oblique position, 
„ _ . - ..L uj' ■ ■ ^ surfaces are directed more 

aniTunit which reaches below the um¬ 
bilicus. Where the inteatiirea interfere 
With the downward expansion of the 
fundus the stomach reialna the hori- 
which it characteristic 
of the cofttracied visETUs. Ljcm com¬ 
monly the sicmnach may lie alnrbost 
T^nsversely^ ev'en in the er^t posture t 
thifi IS known as the * stcer-hom ^ type 
of stomach. Intermediate types of 
stomach, between the J-shaped and 
steer-hom * varieties alsg occur, 
Inunor 0 / ex¬ 

amined iifier death p the stomach is 
uimally fixed at some stage of the digest¬ 
ive process. A common furm \s that 
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shown in fi|f. 1 177’ When th<f is laid epen hy q section thniugh the pisne of its 
two cunstures. it is seen to consist of two segments : {o) a Ibibc globuLar ixirtion on 
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thtr left and a tubular part on ihtt right. The cutrdiac noteh Jio to the left of 

the AbduntiniiJ part of the ce^pliagu$ - the pfojeciion of this notch into the cavity of 
the Etonuch increases as the organ distends, end has been fuppo^d to as^t aa a 
vaJve preventing regurgitation into the ecsophatfus. Ilse elev^ation corresponding to 
the engudar notch is seen at the beginningp and the circular thielcening of the pyloric 
sphincter at the end of the pyloric portion^ 

F. T. Lewk ^ has n^odelEifd the gastric epithcEium in the human embryo, and has 
shoivn that a canal (named by him the gasirk ta-jWJ extends along the lesser curvature 
from the cardiac ori5ce to the angular notch (fig. ii 73 )t distinctness of the canal 
being strikingly shown when the model is viewed from the inside^ JelTcj™n+ Um 
brought farward mdiogrmphic evidence to show that such 3 eanaJ exists in the adult. 
He found that in eighteen out of twenr>^-two cases examined whilst in the act of swallow¬ 
ing a mixtuTt: of oxyehloridie of bismuth and milk the fluid was confined to the lesser 
curvature. He is of the opinion that the oblique muscular coat of the stomach is so 
arranged that by its contmedon it w'ill cause a temporary cutting off of a L-amd along the 
lesser curvature. 

The pyhru rphlncter is a nniscidar ring composed of a thickened portion of the 
circular layer of the muscular coat. Some of the longitudinal fibres turn in and 
interlace with the fibres of the sphincter. 


FiO- r —The longituclitial and eirculBr ifu^eular hbteisi of the stomach. 

AnuroflUperior aspect. {Spaltehalx.) 



Structure.—The wall of the stomach consists of four roata ; sertnis. muscular^ 
Submucous and mucous» together with veaseb and ner%'es. 

The iertmi coat, or visceral peritoneum, cover?, the entire surface of ihc 
excepting (a) along the greater and lesser cutvaiutes at the lines of attachment of the 
greater and lesser omentap where the two layers of peritoneum teavr a smoJl space in 
which the vessels and ncn'cs tic : and 0 ) a onfall area on the pcutcro-infcrior surface 
of tlie stomach, close to the cardiac orifice, w'hcrc the stomach b in contact with the 
under surface of the Diaphragm at the site of refieclion of the gastrophrenic and left 
gostropancrcatic folds^ 

The mmraliit' coat (figs. 1179, 1 1 So) is situated irnji>ediatcly beneath the fieruus 
covering, with which it w closely connected. It consists of three la>'erB of unstriped 
muscular fibres : longitudinal, circular 11 nd oblique. 

The Imiftiitnimiti fibres ore the most superficial, and arc arranged in two sets. The 
first act consists of fibres continuDus with the longitudinal fibres of the ersophagus ; 
they radiate fmm rhe cardiac orifice and end proximal to the pyloric pomon. The 
second set commences on the body of the siomach and passes to the right, its fibres 
• AtrtgirifnFi Jfmtmal af Ajiaftfmy, 13, p. 477, 1Q1Z. 
t % Amt. aiui P^-tioi.y 1915* 49, 163. 
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bccominit more thidtlf armni^ed eu thgy approach the pyIonia. Senne of the more 
supcrficjii] fibres of this, set pass oti to ihe dvndcnum, but the dceficr fibre? dip inirnrd? 
and interlace with the fibres of the pylohc spbincief. 

Tile rtVrii^dr fibres fortii a unifprm layer over the whole exteiiE of rhe stomach 
beneath the longitudinal fibtea. At the pyieni? they nre mo^t abundant, end arc there 
aitgregBted into n rintt which forma the p>^feRe tphinrl^r. The circular fibres of ihc 
atomich art? cominuoua with the drcular fibres of the cESophagua. but arc sharply 
marked off frum the circular fibres c?f the duodenum by a cohneemx tissue septum. 

Tltc fibret^ iniemut to the drciilar Jaycr^ are liniited chiefly to the body of 

the stocnadi. lliey sweep downward? from the cardiac notch end run more or lees 
poialJel with the Icsset cumtore. On the right they preoent a free and well-defined 
ma^n (fig, 11 Bo) ; on the left they blend with the circular fibres. 

'rhe n^murauM Consists of loose, areolar tisaue^ connecting the mucous and 
Riusculnr layers. 

The tmtrom mrmhefae is thick and it* surface k smooth, soft and velvety. In the 
frcsli state it ta of a pinkish tinge ut the pyloric end, and of a red or reddish-bmwn 
colour uvfQT the rest of its surface. In infancy it is of a brighter hue^ the vascular 


Fic. iiBo.—The oblique muaioilar flbn» of the slomoch. 
Anterosu perioT aspect. (S pakehoh.) 



redness being more marked. 11 ia thin at the cardiac extremity, but thicker towards the 
pylorus. During the contracted state of ihe organ it is thrown ijilo numerous fold* 
or mg* which for the most part have a longitudinal direction, and art beat marked 
toward? the pyloric end of the stomach, and along the greiiter curvature (fig, 1177). 
These folds are oblitcrmred when the organ is distended. 

^frueriirf 0/ the murotts wrewjAroHe.—When examined wiih a Jena, the inner aurfac* 
of the mucous membrane presents a peculiar, hofiejcnmb t&ppoirancc owing 10 the 
fact that it ia dotted with rniaU, shallow depre^lons or alveoli, of a polygonal or hex¬ 
agonal foTtn, which vary from 0^12 mm. 10 mm. in diameter. These arc the 
ducta of the gaitric glands, and si the bottom of each, one or more of the minute 
orifices of the gland-tubes may be seen. The surface of the rnucous membrane in 
covered with a single of colunuiar epithelium with occasional gobiet-oella. 

Tins epithelium commences very abTU|>tly at the cardiac orifice, where there is a 
sudden transirion fram the tiniEificd cpithditmi of the oesophagus, epiiheljal 

lining of the gland-ducts is of the same character and ti continuous with the general 
epithclisi lining of the stomach. 

1*hc gastric glands are of three kindn : (a) wdme, (b} /undm or fjxyntk, and 
(e) pylorir. The rori/w glmtft {fign 1 iBi), few in number, occur close to the cardiac 
orifice, Thir> arc of two kinds : (r) simple tubular gland? resembling those of the 
pyloric end of the stomachy hut with short ducts ; (a) compound rmt^ctnore glands. 
fimdus giatids (fig. 1 rUa, t ii*3> are found jn the body and fundus of the stnmach ; rhey 
are simple tubes, two or more of which open into n single duct. The dutn is short 
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Fso, 118i.—’Vcrtrea.l secticun 
ihrcm4^h the mciroui mcm- 
brane of the fundua of the 
itontAch («tStitmed with 
hnrmiitoxylm and coain. 
Law po^'cr vHew. k 70', 


fromctimcf not amounting to mon: thiin. qne-sixtlt of tlie whole length of the i^uid. 
The epitheLium of the fundus Blajtda cotiacstii of f j) short colLinin^r, glnndulAr ccUSi 
known as the rhirf or central or ^mogeni^^ alh, which arc reaponBible for the formation 
of pep^itlN aitld largerp oval ctll$, icpncci parLetol or tnpyntk which secrete the 

hydrochlork ocid of the giaatric The latter 

lie between the chief f:e]lii and the basement- 
mefifibrant, and atain deeply with co$in; they do 
not farm j condtiuous layer^ but occur at intervals 
and $0 give the txilK q beaded E^ppeurojicc. They 
are connected w^ith the lumen of the ghuiJ by tine 
channels w'hich run between the central cell!i. ^fbe 
pytmc g!^di HS4) ^re found in the pyloric 
poEtion of the stomach. Each consists of two or 
three short convoluted tubes opening into a funnel- 
shaped duct. The tubes are lined by cubical cclU 
w'hicb are finely granular. Parietal or oayntic cells 
arc pneiem in sorueof the pyloric glands. The duets 
occupy about iw^y-thirds of the depth of the mucous 
mcrnbranc. 

Between the glands the tnueou!i membmie oun- 
sists of a connective tissue framew^orkp and lymplioid 
tissue. In placesp this letter tissuci^ especially in early 
life, U collected into IJtde masses w'hich rtsembJe the 
solitary follicles of the intestine^ and are termed the 
gastric lymp^utti£fo}UclM. They ate not, however^ 
so distinedy circumscribed as the solitary' follicles. 
In the tnycous niembrane, deep to the glands^ ia a 
thin strstum of invtduntary muscle fibres, the miu£u^ 
fdJTf mucotic; it consists of an mner drcular 
and on outer longitudifiAl layer (with a ihird, 
outer circular layer« in places). The inner layer 
sends Htrands between the glandsp the contraetjon 
of w'hich probably aids the emp Eying of the 
glands. 

Vessels and Nerves.—The arteries supplying 
the stomach are : the kfi: gastric branch of the coeliac 
artery, the right gastric and right gnsiro-epiploic 
hmnEdiea of the hepatic artery, and the left gastro¬ 
epiploic and ihort gastric branches of the spicnk 
artery* They supply the mtwcttlar coat, ramrfy iei the 
submucous coot, and art finally distributed to the 
** iIrSSvSSwTrfJfc, ^ mucous membrojic. The arrojigemcTki of the %Tfisclfi 
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Fic. 1181.—Vertical sectian thmygh the mucotis wmbrarirc of the cardkc part of 
the sEemach (hiimanlr Stained with hiLmato^cylin ind tosin. x ^ ia6. 
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in xht mctnbrane is wfnewhat pG^culi■^< The orteries brc^k up a.t the deep ends 

of the e^itric ^\mds into xl plexus of fine capillnrics which run bctwcco the gkndSi 
eniistottioslng with eich othcr^ ind endi ng in plexus of larger capillaries^ which sur- 
rmind the moytha of the gl&nds, and aUo form hocagonal meshes around! the glnnd^ 
ducts^ From these the vdfts ariw^ and pursue a straight courses heiween the glands, 
to die submucous tiMue: they end either in the splenic iind superior mesenteric veins* 
or directly in the portal vein. The iymph oesrWs aie nuiticrouaj they cotisist of a 
Kuperheial and a deep set; the lymph drainage of the stomach is described on p. xjOQ. 

The aft derived from tnultiple sources (G. A. Mitchell, tSp 

t940). The sympathetic: supply is mainly from the occliac plexus through the 
plexuses around the gastric and gafitro^epiploic arteries. Some branches from the 


Fig. iiSj*—(A.) Gland from fundus 

of siorrurii (eiT) ; (B.) Lower port 
of gland cut transvenely, Stninni 
with hamutoxylia and eofin^ ^ 
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Fiu, 1J84.—^\'ettictl flecdon 
thfough the mucous tnein- 
hnme of the pyloric poji of 
the stomach (^l). Sttlincd 

with hiemLiiIoxylin Jind eosin. 
K ^ 7 $* 



plexus nmund the hepatic artery rciich the lesser curvature by passing betueen the 
layers of the hepatogastric ligament (p. 140^)^, Branches from the left phrenic plexus 
pass to the cardiac end of the stomach* which also receives a twig from the branch of 
the left phrenic nemc to the right crus of the dtaphnigm+ tnconsbint branches are 
given to the simfnach frtHm the left thoracic splanchnic nervta and from the Thoracic 
and lumbar sympathetic trunla. 

The paraaynnpatheric supply b derived fcotn the vagui netv^^ Usually one or 
cwo nerve-trunks lie cm the ulterior and one or two on the posterior aspect of the 
gastro-tesophogeal juncrion ; the anterior nerves comprittc mainly left fibEeap 

and the posterior right vogml hbreSp which have emerged from the craophageal plexus. 
The anterior nerves supply sevens] filsmen^ to the cardiac oriBcc and then divide 
near the upper end of the lesser curvatum into four groups, of branches. Of these» 
(fl) gutric hranches (4-10) r»diate on the anterior surface of the body and fundus of 
the stomach ; one is larger than the cthepi and lies in the Itaser omentum near the 
iesser cun-ature (the grratrr antrrior gtutrit ntm) ^ and (i) pyloric branches^ gener¬ 
ally rwo in nunibcf* one running almost horizontally to the ri|^ t in the lesser omentum 
towards its fm edge and then turning down on the left side of the hepatic afte:nf 
reach the pylomsp the otbrr usually arising from the greater anterior gastric nerve 
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And otjJiqLjrly |cj the pyloric Antrum. The po^tedor ii*rvci ^;ive off two mu in 

5eti of hrAochc^ : (a) ga&tric bromchn, Tudiatift^ on the p^lecior mrface of the body 
And fundus of the aiomflch ; they extend on to the pylunt antmm but do not reach 
the pylorJc sphincter ; one of these is tArijer thon the rest and pasacs nlan^ the poiicrior 
margin of the ItMer turvaiure (gr^aifr postfriar fc^lric rtmWh fiis'iiig bninchea to the 
coeliac plexus; and (^} ocehAc brancheSp which are larger than the gastric hranehesp 
and pass in the lesser omentum to the cccliac plexus. No true plexus formation of 
nerves is formed on cither the AtUerior or posterior surface of the stomach. Nerve- 
pleacLLsea are found in the suhmucoux coat and between the layers of the ttiu^bf 
coat. The latter plexus corresponds to the myeniene (.*JwfrA£jr/i plexus of the intes¬ 
tine and contains numerous ner^'e^cells., From these plexuses fibrils are distributed 
to the muaeular tissue and the mueoufi membniiie. 


Titi- Smai_l Intestine [[NTEsrtNXT^f 

The small icue«itLne is a convoluTcd tube, extending from tlic pylorus to the 
ilcoexcal valve, where it joim the large intestine. It ta abcui 6-5 inctria long/ and 
gradually dimintahLra in diameter from ils commencement to its" icnnSnaiinn. U is 
contained in the ccntnil and lower parts of the abdauiinal cavity and usually lies 
within the curve of the large intestine ; it is in relation, in front, with the greater 
omentuin and abdominal parietes ; a portion of it extends down into the pelvis and 
lies in front of the rectum. The small intestine consists of (*) ^ short, cursxd portion 
which is devoid of a mEsciitcry^ and is named the cfwoJeuifjii, and (2) a long, greatly 
coiled part which is attached to the posterior abdominal wall by the mesentery^ 
(p, 1409), and of which the proximal tw^o-fifths constitute the and the 

distal three-iifths the 

'Fhc duodenum (6g. 1185) is so named iHrestuse Its length is about crqual to the 
breadth of twelve fingers (25 cm.), h is the shortest, widest and most fixed part of 
the small intestine; it has no mesentery, and is only partially covered with 
peritoneum^ Its course presents a remarkably constant eurx'c, somewhat of the 
shape of an incomplete circte, which encloses the head of the pancrea^^ It lies 
entirely above the level of the umbilicus. 

It begins at the pylorus, passes backwards, upwards and to the right for 2-5 cm,, 
under cover of the posterior or upper part of the quadrate btie of the liver, to the 
neck of the gall-bladder, varying slightly in direction according to the degm: of 
distention of the stomach ; it then rnakc^ a sharp curve {tl^p^tor tiuodi^nat flexure} 
and descends for about 7 5 cm. in front of the medial part of the right kidney„ 
generally to the level of the lower border of the body of the third lumbar vertebra, 
lying immediately medial to the lateral plane (fig. j 1&6). Here it makes a second 
bend {iufmor duodenal Jkxuf^% and passes almost borixon tally from right to left 
across the vertebral column just above the Ic^xl of the umbilicua, having a slight 
inclination upwards ; it then ascends in fronts or to the left^ of the abdominal aorta 
for about 2*5 cm,, and ends opposite the second lumbar vertebra in the jejunum. 
At ita union with the jejunum it turns abruptly forwards, forming the duf?der}a- 
jeyunal flexure, which is situated 2-5 cm. to the left of the median plane and i cm. 
below the transpyloric plane. Ear descriptive purposes it is divided into first, 
second, third and fourth parts. 'Fhe first and second parts arc called nespcciivdy 
the superior and descending parts^ while the third and fourth parts constitute 
respectively the horizontal and ascending portions of the inferior part of the 
duodenum. 

Relations. The fiat part (niperior part) is aIksui 5 cm. long* and is the most 
movable of the four portions ^ it begins at the pylorus, and ends at the neck of the 
galLhIadder. It is covered with peritoneum over the whole of its anierior aspect, 
but it ia devoid of peritoneum posteriorly, except near the pytarus, where it takes a 
small part in the formation of the anterior wall of the omental bursa; the right 
part of the lesser amentum is attached to the upper border, and the greater omentum 
to the lower border of the proximal half. It is in relation above and in front with 

■ The UTWII inlcfllitii: b bnRtr after death owing to the abunec of milxcle tone ; during 
life its tveroife Imfjth in the adult is about 5 mctrea. B- L Lindcthill (itrir. Med.y^ 
^fl 55 i ^ 1243) found thxi in joo adult lubjeiai abtirily after death the unalL inlcflline ranircd 
in length ffum J-3S lo 716 metrea in wninen and frmri 4 '^^ lo 7^85 metres in men^ the 
Average length beinii S O^ metre* in wnmen and 6 37 metres in men. The Irnflth jvtx found 
tn be conrSited with the liei«hl of ifie individuilH, bul ttidqiefhiJeot of the as®. The lanje 
intestine wit found to be much more qoniUint in length. 
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the quAflratc lobe of the fiver and the gall-bladder ; above, and on a more posicrior 
plane, with the crpipbic foranien ; bthindt with the gastrc^uodenal artcn\ the bib 
duct and the portal vciop and belqvv and behind, with the head and neck of the 

Fio. 1185.—A diHccdan to *biw the duf^enum and poxirrcaa. 
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pancreas. It is in such dose relation with the galJ-blarltlef that it is iiBually found 
10 be stained by bile after death, especially on its anterior surface. 

The stcond part {ttficmdiHg part), fmm ii cm. tn to cm. long, descends From the 
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ni:ck of tlid ^iill-bladdiT along the right Ride of tli^ v'^rtebral column linv the 
Imvcr tiorder of the body of the tKifd lumhar veriehra. It 13 crossed by the trans- 
venR- mlon^ ihit poaterior surfioc! of which U connected lo the duodenum h> 11 
small quantity of areohu- tissue^ *rhc parts above and below the tnuisverse colon 
are eovefed in front with peritoneum- It is in relation^ in frontt from above down¬ 
wards, with the duodenal impression on the right lobe of the livcr^ the transverse 
colon and the root of the transverse mesocolon^ and the small intestine ; behind^ 
it ha^ a variable relation to the front of the right kidney m the neighbourho^rd of 
its hllus^ and is connected to it by loose areolar tissue ■ the right rvnal vessels, edge 
of the inferior vena cava^ and I'siKas major arc also behind it. I is media! side is 
related to ihe hrjd of the pancreas anil the bile duct ; its lateral s^idev to die right 
colic fle^iun?. Sometimes a small pan of ibe bead of the panen^ k actually 
embedded in the wail of the second part of the duodenum. The bile-duct and the 
pancreatic duct cotiic into contact at the Tnedisl side of this part of the diiodenuTii. 
The two ducts enter the of the gut obliquely and there unite lo fonn a shorty 
dilated duel which k named the ampuih («e p. 1454)^ The 

miroixv^ distal end of this ampulla opens on the summit of a papilla, termed the 
i/iWma/ pupfUa, which is Situated within the second pan of the dut>denum 
at the junction of its medkl md posterior walls (figs. 11S7, 1207)^ from S cm. to 
10 env, distal to the pyJonts, The accessory pancreatic duct, when present, opens 
alK>ut z coIh proximaj to the duodenal paprUa, on a stnaJI funded minf^r ifumeiml 
papiffiii 

'I'he iMrJ parf {konziniial pur iitm of tkf inf trior ibnut 10 cm- long, begins 

at the right side of tJie lower border of the third lumbar vertebra and pisses from 
right to kftn with a slight inch nation upwards^ in front of the inferior vena cavn, 
and ends in the fourth part in front of the abdominal aona. Its anterior surf ace is 
covered with peritoneum^ excepl near tJte medum plane, where it in crossed by the 
superior mcsentejic vessels and the jwt of the mesenten’. Its pf^slerior surface is 
uncovered by peritoncunip except towards its left extremity, where the left layer 
of the mesentery' sometimes covens it to a variable extent, i^his surface rests yiptyn 
die right ureter, tlie rig^hl Psuas major, the right lestkuhir (or ovariaJi) veSsclSp the 
inferior vana cava and the abdominal a<.ina (with the origin of (he inferior fries- 
enicric artery ), l^hc upper surface is in relation with the head of ihe pancreas i 
the lower* with the coils of the jquntim. 

fourth pint {nsrfndntg pariitm of thr inferior fart), ahnul 2-5 ern^ long, 
ascends on or immcdiaiely ti> ihe left of tlie aorta, ils far as the level of the upper 
border of the second Jumbar vertebra, w here it turns abruptly Forwards 
jrjunoi Jii'XTire) and is ctintinuotis with ihe jejutiuin. It lies in fruni of the left 
sympathetic trunk, left l*!R>as major, the left renal and icsticutar vessels 3ntl the 
inferior mesenteric vein. Along iia right border it give?i attachment to ibc upper 
part of the root of the mcseiiTcry, the left layer of which is continued over its 
anterior surface and kft side. Tti m left there are the left kidney and ureter ; 
abovcp there is the body of the pancreas; in front, there is the transverse colon 
and transverse mesocolon (the latter separating the duodenojejunal dexure from the 
omental bursa and stomach). 

The fir^t part of the duodenum, as stated above^ pusseases a range of movement* 
but the rest is relatively fixedp and k bound down to fieighbouring vLsccra and the 
pfjsterior abdominal walk Bad(oh)gical!y\ after a barium meal, the ftrei pan uf 
the duodenum is seen as :l somewhat triangular bomngcncoLLs shadoxv, called the 
' iliiEHieoal cap " [Plate XXVlJ, 

ITte lerminol part of the duodenum and the duodenojejunal fkwu: are fixed by a 
librumuscutar band termed the mtnfU of tha which arkes from 

the right crua of tlae Diaphragm, close tn the right side of the <EsOphDgus. It 
downwank and alightly forwarda in close relation with the cteliac ajicn' (fkunciimeft 
dividing to enclose this vessel), behind the pancreas and splenic vein and in front of 
the left renal vein, and is amehed 10 the posterior surface of the upper pan oi the 
duodenojejunBi flexure, many fibres being continued into the mt?seniery. Its upper 
part contains striped muscle fibre?, the iniermcdiatt part consists of clastic tissue and 
the lower part generally eontains plain muscle. In mrwt oiks ibe Suspensory muscle 
k ariQched lo the fourth and the third parts of the doodenum es well os to the duo¬ 
denojejunal Hcjcure ; in these circomstnjicca ibi con traction will leftd m increase the 

• A. l^fW, J. .4fujr ortJ Phytifil^ nm. 4X. 7J : J+ c. l‘lalc!t' aiul K. Peden* Araer. J- 
Suirfwy. 59- 54&r 
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the Rexurt, whereas in ihtjitc cnses wbirte it b ^rtachcd 9 olc\f tQ the flexure it 
is believed by iomc that its cantnictiDn may narrow the angle of tlie flextire and tend 
to cause partial obstructiDii of the at this aitc. 

Vessels and Nervra.—The arfFti^ supplying the duDdentm ore the right gastne 
and superior pancreaticoduodenal bnmehes of the hepatic, stnd the infenar pan- 
creoticc^uodcnat brancli of the superiar irnc$cnieric. ^Fhe htst piur of the duodcniim 
la supplied by a leash of smoll branches (supraduodenat arteries) of the hepade aitcr>' 
which nm in the right pan uf the Jr^r omentum k and a similar Leash of vessels frmi 
the K^rrmiutKlcnal artcp% These vesapU also supply the neighbouring part of the 
pyliiric canaL bur ibcfr: ia no afiOBtomoab in the will of the olinicntary canal between 
these vessels acro^ the pylomduodejml junction,* The t'ciftj end'in the splenk, 
superior meaenieric and portal vcina, iTie frmrf arc dcri^'cd from the cx^ioc plexus. 

The reat of the small intestine, about h meires long (tte fooniotCp p* 1^3)+ 
extends from the duodenujcjunal flexure to the tlepccecal vbIvc, where it cn£ in 
the junction of the ca-cum and aocending colon of the large iiiicsttnc i it la arninged 

Flo. 1 1S6 .—*\*hK iUtfucc rcliitions of the duodlriiim ^ pancreas and kidne>'s« 
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in 3 series of t^ils or lonpa which arc attached to the posterior abdominal waU bv 
the fnesentecY. I'biB part of the gut is completely covered with the peritoneum', 
except for 3 namrw strip along its mesenteric border, where the two layers of the 
meaentery diverge from each other to enclose it. It is divided into jejunum and 
Llcum, the former name being given to the upper two-fifths atid the latter to the 
Imvcr three-fifths. Thett is no morphological line of distinction between these 
two parts, and the division is arbitrary'; but at the same time the character of the 
intestine gradually undergoes a change from the hegttming of the jejunum to the 
end of the ikum, so that portions of the bowel taken from these two aituationa 
present charactcnedc diflcrenccSs 

The j^iinum has a dwmeter rtf about + cm,, and ia thicker, redder and more 
vascular ih^ the ileum. [Tie rircular folds (p. 1+39} of its mucous membrane are 
large and thickly set, and jia vrlli suqtass those of the ileuni in sue. The aiEre- 
gated lymphatic follides (p. 14J1) are almost absent in the upper part of the 
Jcjumim t in the lower part they are fewer and smaller than in the ileum and tend 
to assume a circular form. When the jejunum is gtaiped between the finger and 
thumb the circular folds can be felt through the wall of the gut; as these folds an: 
absent from the lower part of the ileum, it is possible in this wav to distinguish 
the upper Jrom the bwtr part of the xmall Intestine. " * 

Fur the rnoat part the Jejunum lie* in the umbshcol regian* but it may extend 
imu ^liiy of the surrounding anas. The Aral coil oceupi^a a reem between 
• M. fjRilvWp ijinctt, 10^^, afra, 1077, 
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the left part of the transverse mesocolon and the anterior surface of the left 
hidney (p. 1471), 

The ileum has a diameter of 5-5 ctOhi and its coats are thinner than those of 
the jejunuiu. A few circubr folds are present in the upper part of the ileum, hiii 
they are small and disappear aln™t entirely lowards its lower end ; the ag^gated 
lymphatic follicles arc* however, larger and more nunterou^ than in the jejunum. 
For the most part the ileum is situated in the hyp^jigastric fpubic) and pehHc regions. 
The lem’iinal part of the ileum usually lies in the pet via, from which it ascends 
over the right Psoas major and right iliac vessels to end in the right iliac fossa by 
i>pening into the medial side of the junction of the cu^cum and ascending colon. 
The j^^unum and ileum are attached to the posterior abdominal wall by an 
extensive fold of peritoneum, termed the mtsmicryy which allows of vety free move¬ 
ment, so that each coil can accommodate itself to changes in form and positiom 
The meaentcry is fan-shaped 5 its vertebral border or root, about 15 cm. long, h 

Flc. 1187.—^Thfi interior of the second port of the duodcaiini, showing 
the mnjor diKKlcxul papilla. 



attached to ihc poatcrior abdominal wall along a line running from the kft side of 
the body of the second lumbar vertebra to the fight stcro-iliac joint, ^nd cfiMatng 
successively the third part of the duodenum, the aorta, the inferior vena cava, the 
right ureter, and right Pioas major (fig. 1167)- Its average breadth from the vertebral 
to the intestinal border is about io cm,, hut is greater in the middle than at its upper 
and lower ends. The wo layers of the mesentery contain the jejunum, ileum, the 
jejunal and ileal branches of ihc superior mesenteric blood-vessels, nerves, lacieals. 
and lymph nodes, together tvith a variable amount of fat (p. 1410), 

Dkertieulum ilei (Mediers diverticulum).—This is a pouch which projects friKn 
the lower part of the ileum in about a per cent, of subjeets. Its average position is 
about I metre above the iJetHSWaJ valve, and its average length about $ cm. Its calibm 
is EOTCtallv armilar to that of the ileum, and its blind eatiennty may be fnse or may be 
connected with the shduminal wall or with some other portion of the intestme by s 
Obrous band. It represents the pcisiswnt proximal part of the v«ell^»nl«linJil duet, 
which the joUt-sac and the primitive digestive tube lO early fmtal life (pp. 85, 

IS8). The mucous membrane of the divefticuluin has the same structure as that of the 
neighbouring ileum, but gccasionaUy amall tegiona of the mucous mcinb^c may have 
a stnirture similar to that of the body and fundus of the stomach, w»th oxynhe cep 
which secieio acid. Soiticrimea smell areaa of pancireatic tissue may be found in the 
wall of the divcrticuluin. 

Stnic lure.—The wall of the small intestine f6g. i 188) is composed of four coats : 
serous, muscular, submucous and mucoiu. 

The iervtti four is formed of peritoMum. 
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'rhr nfutoilar b thicker m the upper than in the lower part of th* small Lntts* 
title I it oonaiata of an extemd lon^cudiiul and an intemoj orcular la^rer of jiqu- 
atriped muaeolnr fibm« The hrfgitudtnai /avrr is thin ; the ctrrular latter is thickp 
and camposed of hbfu of considcmhle Jength. 

The Sidrmucims co&t unites the mucous and musctiJar Isyers. It consists of loose, 
areolar tissue eofitoLcune bloud^veascis, lymph vc^ela ami nerves. 

'rhe muamt membrane is thick and highfy vasculnr in the upper part of the stoaLI 
intestine, but thinner and less x-ascular in the lower prtn, ft consists of the following 


Fto. uBBr — A Kctierv through the duodefLuni of a cat. ■a.60. (Fmm 
Sharpey^Schafer'a Ettmtutlt Hiitoiogy.^ 
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itructore* : nest to the subrmuoous coat then; 11 the muoitant which consiitB 

of an outer longitudinal and inner dimila r liver of unstriped muscular fibres - intemid 
10 the myoculam mycuSH? there is i quantity of retiform tiaaue, enclosint^ lymphocytes 
m iw meslw, and in which the blood-vem-ls and nerves wnify ■ lastly a h^e- 
mint cnemhrine. supporting i smitle layer of tall cDlumnar cells* The cells arc 
prtnulir in appearance* and each possesses a dear oval ruclcus. Their superficial 
unattached ends present i disrinct layer of highly rtfraeting material, marked by 
verdcflT stria? (the /Wcr>. ITip striated border * (or brush hordcir} is verj^ 

* ^ . JX Bnuidee, H. Zeiterq- 

Tiit and H. Shfidan* AaLfarr^ l^nd., 195*, 177, 38a. ^ 
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rich in the cn£>ttic, alkaline phospliatoM^ and h coficcmcii in the pmoesa of acIfVe 
absorption. Electron inkTOscopHf study of the brush border m the intiptinjil eps- 
ihelium of the nwiise ahowg it to be composed of mi note parahel irylindricul proj^- 
tionsi of the cvtoplnain, called microvilli (alMJut t/i long and o broad). 1*bc alkaline 
phosphatase is Tnainly distributed in the InrercyLindricnl spaces. Gohlet-ceda occur 
lit intcrvab In ihe epithelial layer. It hsa Ijceti shown ui u number of mBrnmEtls tliat 
epithetial cells^ produced by the incessant mitotic activitj^ in the miesLLniiJ glands^ 
pass upwards nlonif the sides of the villi* fmm the tipa of which they are eventually 
flhed. In ihia way then: is a conrinual renewal of the epithelial covering of the viilE, 
and there is evidence that a ftimikr prepress occ-urs in miin-^ 

The followinfl smictures are contained Viiihm or belong to the mucnui metnbmne : 

Circubr folds. Duodenal glarnis. 

Vnii. Solitary lymphaue follicles. 

Intestinal glands. Aggregated lymphatic fnlliclca. 

The eir<sufar folds (hff- riSg) are lonfc transverse folds of mucous membrane 
which project into the lumen of the boweL ITicy arc imposed of reduplications of the 
mucous membtane^ the two layers of tht fold 
being l^und together by submucous tissue ; un¬ 
like the folds in the ston>ach they are perm^ent, 
and arc not oblitemtcd when die miesrine is 
disicnded. 'Fhe majority extend irtnsversdy 
round the intestine for about onc-half or two- 
thirds of its circumfeftneen but some form com¬ 
plete circles, iome bifurcate and join adjaceni 
folds, and others have a direction; the 

latter usually cxrend a Uttle more than once 
round the bijwelp hut accasionany tw« or thnM 
times- The larger folds are about 8 mnii. in 
depth ct their broadest port * but the greater 
number are of smaller size. The larger and 
smaller folds nlirmatc witE each other. Circular 
folds pre not found at the commencement of the 
Juudenum, but begin tn appear ab^;»Ut 1'5 
5 cm. beyond the pylorus« DisTfll to the point 
where the bife and pancrearic ducti enter 
the duixlcnunij they ore very large iind closely 
apprnximiifed. In the upper onc-half of the 
jejunum they are large and numerous, bur from 
[his pciintfc down to the middle of the ilriim, 
they diminish cunside rabi y in size. In the lower 
part of the ileum they are almost entirely absent: 

hence the compamtive thitiness of this portion of . . ^ . 

the intesdne* bs compared with the duodenum and jejunum. The circular folds 
retard the passage uf the food anij afford an increased surface for fl.b$atptJDn 

fPL XXVI1). ^ ^ . 

The intestinal villi are highly vascular processes, just %'isible to the naked ejw; 
they project from the mucoua membmne of the whole of the small iniestmep and give 
to ita surface a velvety appearance. They arc ktge and numemiis in the duodenum 
and jedunumi but are smaller and fcwicr in the ileum. 

Structure of th* vilU (figs, ilyi),—!*!« cfSsCntkl parts of a %‘jIJus are : the 

lactciJ vessel, the blotrti-vcsscls, the epithelium* the basement-membrane and the 
musculsr titeiie of tbt mtirosa. all being supported and held logeihcr by retifurm 

tiss^^ arc in some com* dmlblc, and in some anirnnls multiple, but usually 

them js a ainglc vessel. Situated in rhe asis of the villus, eivch commences by a dilated 
blind extremitj' near to, but not qukc at. ihe aummit of the villus. The wall U com* 
posed of A single layer of rndotbcli^ cell^ 

The nuitcufar Jihrff ore denved from the musculana mucoas, and are arranged m 
bundles nmund the kctcoi vessel. eXTcnding from the base to the summit of ihc 
villus and giving offr laterally, individual miutcle-cells, which are enclijsed by 
the reticulum* and by it ftw attached to the bascmcnt-rnembrasie and to the 
kcteal. Contraction of the muscularis mucoKc therefore has ibe effect of * milking^ 

^orm a plexii* under the basemeai-mcmbranc^ and are 

enclosed in the reticular msue. 

• C. P Lehlond nod C. E. S|« ™* Amif^ /frr., I94K* lOO. J57 ; tt M- 11 . McMpnn, 7 

^^'Inof.^ 1 ^ 54 . 
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Tilted strticmjrEs air ^tintaitidccl by tbc whidi is ttiadc up of b 

kycr of hyBline om^jqjhous irLterceliuLir materiid, and upoD this 1.3 placed a layer of 
^liluirmar fpith^Uiim^ the cha™tcmtic 9 of ivhich have been desenbed above. The 

Tfif/orm msiu ferma a network {fig. [190) in the meahea of whieh a number of 
JcueocytcB *tro founcL 

Fio. 1190.—A venial aecnon 
dirough a viiltu of thr anruilL 
Inreitiiie of b dog. ^ 80, 


FlO. 1101 .^A ttaoAverTE sectkin dixough a villuB of the 
human jcjunimi. Stained with hKniB|coc>'Jin ukI 
copin^ X jfio. 



The intoattnal glands (fig. x 193) ate found in considerabk numbers over every 
part of the mucous membrane of the amAlI intettinc. They are nimple tubular glandsi 
arranged perpendicularly to die surfaccp upon which they open by smaU circular 
apertures. Their orificra may be seen with the aid of a Icna as minute dots srat* 

FlO. f 19!-'—The villi of the small intettinB, atsowing the blood veaaela and the 
l>Ttiph ^-evsek. (CadiaL) 
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icrcd between the villi, l*heir wdh Arc rklii. cf^n^iadng of a basemciit-mcrnbrafic 
lined >vith cniummr epithetiumj and covered on their exterior wiih cupillm^^ vesseh. 
The deeper celLip expeciaUy in the duodctml iglHnd&H oontain gninnlcs which utein 
charflctcristicnily with phoaphqtojij^tic hieaiAtoxylin and iltc itisjmcil griinuUrtr/i^iitirth. 

'Fhe duodenal i^bndii are limited to the dtiodenom (fig^ tiftS)* and ore found in 
ihc mbmucous urf^/i^r Le. they pctietniSc deep to the muscularis muco^. I'hey 

art lareeat and most numejotis near the pyloniG, forming an oknoit complete layer 
in the firsr patt^ and upper half of the Accemd part, of the liuodesum : beyond this 
they gradually diminish in number and disappear at the junction of die duodenum 
imd jejunum^ They are small, compound, acinutubuldr j^lands, each comisting of a 
nunibw of aJveoh lined with short coliimiiar epithelium ond opening by a duct on 
the inner surTojcc of the intestine. 

Between the eeUs lining the intestinal ijlatsds, and ksa commonly Kmong tliobc 
covering the villi, lie pynmoduj or columnar c^lls, the cytoplasm of which contains 
granules that have an atfently^ for silver aalts, by which they are stairKid black, and for 
chromium salts, by which they are seined brown. They are culled 
ce/ff or fxrgnmfin re/fr. They usuidlly occur singly (not in gn>up 3 ) among the epi^ 
thclial Cfik and their b^iscs rest on the b:t$tiinent mernbrane, 1 ’hcy occur in aU parts 
of the alimentary canals os well aa in the pancrraiic cind hile ducts, but are moat 
numemua in the duodenum and vcrtnifijmi appendix. '‘Hicy may give rise lo patho¬ 
logical rumours (corcinoidosis). ITie origin, nature and function of these cells are 
not clearly underatood. Some believe they produce a hormone f5-hydrox>‘tryptanijne) 
w^hicli stimulates plain muflcle^ This substance is olio present In blood platelets 
which probably abiurh it from the cells in the Hlimentary canalr 

^Fbe solitary ly mphatic follicles ure found scattered throughout the mucous 
membrane of the smnSl intestine, but arc most numerous tn the lower part of the 
iicuio- Their free surfaces are covered with rudimentary vilii, except: at the aiunmits^ 
and each follicle is sum^unded by the openings of the intestinal glands. Each consists 
of a dense, inieHating, retsform tisaue cJoscly packed 
with l^mphoc^-tes, and f^rtneaied by an abundanr, 
capillary network, 'llse intrnpacn of the retiform 
tissue are contmuous with larger lymph spacer which 
surround the follicle, and by xhliit nieam they arc en¬ 
abled to cppirnunicaTe with thr Imrceal system. They 
are siiuaced partly in the submucous tJ^uc, and partly 
in die mucoUa coat, where they form slight projections 
of its epithelial Uyer. 

The aggregated lymphatic foUicles (Ikyer^x 
patches) (Fig. form cirtukr or oblong 

from twenty to thirty in numl^r, and varying in 
iengtli from a cm, to lo cm. Like the other oollec- 
tions of lymphoid tissue in the body (exoept the lymph 
ncidesK they are besi marked in the young sub^, be¬ 
come indistinct In middle BgCi a«d usually disappeui- 
altogetbcr in advanced life. They arc largest and most 
numerous in the iltum. In the low er part of the jejunum 
they are amalj, dmilar and few in number, lltey ate 
occosJonjilly seen in the duodenum. They are placed 
lengthwise in the intestine, And are situated in the por^ 
tion of tfc* tube moat diaiant from the attachment of 
ihe mesenlcry. Each patch k formed of a group of 
solitary lymphatic follkka covered with coltminar epi¬ 
thelium; the patches do not, as a rule* pos^ villi 
on their free ourfaces. * 14 icy ore freely supplied with 
blood-vessels, which form on abundsni plexus around 
each follicle and give off fine branches to permeate 
the lymphoid tissue in the inleriDr of the falMcle. Tk^ 
ple3rLLRt:s*f lymph vesjiela are especially abundant around 
these patchra. In typhoid fever, ulceration of these 
aggregated lymphatic follicles may occur \ the ulcers arc 
thus o^'al in shape, their long BXea are in the long axis of 
chc bowel (so that subwtjucnt Ibroaia does nor consnict 
the guO« they are picsenr chiefly in the lower part of the ileum, and ate iitiiated un 
or near the onlimcMntenc be>rder of the gul, 

Vcsacls and Nerv«»—The Jejunum and ileum are supplied by the supcrioi 
mescnleric artery^ the jejunal and ileal branches of whtch, having reached the attached 
border of the bowel, run between the serous and muscular coats. From these vesseb 
tiumcrouSi bmnehifs are given off, which piEfcc the muscular coat, supplyLng it and 
forming Mi uimcaie plexus in the submucous tissue. From this plexus minute vesseb 


FlO. 1101 inicsfiiiil gland 
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pass to the glAnds and villi of the mucous mctrihrant^ ^rhe dfWtuniDse^ between tlie 
ECtminal tntesiinal branches are by no means free, imiJ tliere is a distinct tendency for 
the allemaie vessels iq be distributed to qpprjsitc sides of the gur+ The have a 
ojimc and arranfiEinent similar to the artedea. The lympft vi-sitif of the smaJl intestine 
[locrcalsj are arraneed in two sels, viz. those of the mucous nu'^mbrnne and those of the 
tnuacular coat. 'Fhe Ijinph veaacb of the villi commence in ihcM structurea in the 
manneT described on p. They form an intricate plexus in the mucous And Sub¬ 

mucous tissue, being Joined by ihc lymph vcaacls fmm the lymph spaces me the basei 
of the soijtary foil idea and from there pass to larger vessels at the mesenteric bonder 
of the gut. The lymph v^esseU of the musctilnr coat are situatKl to a great extent 
between the two layer? of musculnr fibres, where they form a close plexus ; througb- 
out their course they communiaitc freely with those from the mucous rncmbianet 
and open in ehi^ same manner AS thc&e into the ongtns of the Lacteal vessels at the 
attached border of the gut. 

The Hctfer of the small intrstinc arc deriveJ fctim the va^u? and splojidinic nen^ei 

FlO. ii^.‘~-AgaregiitEd lymphatic folhclca. A, fruci^ cbe upper pirt^ ind 
from the lou'cr part^ of the ilctnO. 




through the cceliac ganglia and the plexuse? amund the superior mc«ernteric artery. 
They run to the mymt€nr pkxuj (p 4 14^1) of nerves and gangLb:, situated between 
the circular and longitudinal laycrx ; trom this plexua fibmicrtts arc distributed to the 
tnusadar coat? of the intestine. From the myenteric plexus h secutidary plexus, 
termed the ruATimcflit/ pl^xtiSf is derived, and is romied by branches whidi have per- 
fomted the circular museuliir layer. This plexus also contains ganglia from which the 
nervc-fihrts pass to the muscuLsris mucosse and to the muenus membrane. The nerve* 
bundles of the submucous plexus are finer than those of the myenteric plexus. The 
nervc-cclls in both plexuses are essentially panuympathetic (vagal).* In general the 
^yrnpathetic is inhibitory to the peris^ltic movements of the alimentary cansJ^ but 
constricts the sphincters and also the muacularis fnuco 64 E. While the parasympathetic 
is gciienilly an ougmentor of the periatoltic movemcni? and an inhihitor of the 
spliLnctcrs, the result of srimidation of the parosijmiF^Bthetlc appear? to depend on 
ihc State of contracdon or rcLoxation of the organ at the time of stimulAtion. Tlic 
parasympaihctk is also aujpncnior to the secroticin of gnitrie juice. 

The Lahge iNmTiNt [Jktt^^num Crassum] 

The large inteatlne extends from the end of the ileum to the anuSp and Is about 
15 met™ long. Ira calibre m lat^t at its commencemenc at the cacum, and 
^dually diminishw as far as the rectum, where there h a dilatation of considerable 
size jirat above the anal canal. In appearance^ structure, sLte and orrangcmetit it 
presents certain differences from the small intcatinc. (ij It hoa a greater calibre, 
(a) For the moat part, it is more fixed in podiionn {j} Its longitudinal rtiiiscular 
fibres (jre p. 144^0 form three langitudinal bands or ^*eniVr cali (4} Since these 
* Cp J. HiJl, Plnlifi. Tr^tmr^ B. ai^. 355, 
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taenia arc shorter than the circular muscular caat, the colon puckered and 
sac-culatcd^ the sacailatbna being known as imustraliunSr (5) peritoneum- 

coveredT fatty projectinnSfc termed afipendkes are found scattered over 

die free surface of the whole of the large intestine, with the exceptions of the 
caKUm, the vermiform appendix and the rectum. 

In its course the large iotestine dci^bes an arch which usitally encloses the 
convolutions of the amaJl intestine. It commences in the right iliac regionp in a 
dilated part, termed the c^am (fig. 1195). It ascends thmugh the right lumbar and 
hypochondriac regions to the under suitace of the liver ; here it l^ds [the Hghi 
ro/rc flrxtirt] {fig^ nSj) to the left, and, curving with a downwurd aod forward 



Fig. ] 195,—The UiTminiil part of the ileum, the cascum End the vcrmifbim 
Jippcndix. Viewed from in frant. 
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convexity, passes, as the Irantvtrtf across the abdomen to the left hypo¬ 

chondriac region j it then bends again [the tefteotiefiexurt] {fig. 1185), and defends 
through the left lumbar and disc regions to the pelvis, tvherc it forms a loop called 
the ugmoid iofan (fig. 11^); from this it is continu^ along iHe lower part of the 
posterior wall of the pelvis to the anus. It is divided into the caecum, the etJon, the 
rectum and the anal canal, ... 

The eenim (fig. i f ^S), which is the ftuiuneaoefnent of the large mteatmc, lies 
in the right iliac fossa. Its surface projection occupies the triangular area bounded 
by the right lateral plane, the transtubcrcular plane and the fold of the groin. It is a 
large sac which has a blind bwer end but is continuous above with the ascending 
colon, and at the point where the one passes into the other the ileum opens into iJie 
large intestine from the medial aide. Its awrtge length is about 6 cm. and ita 
breadth alwut 7*5 cm. It is situated in the right ilbc fossa above the lateral half of 
the inguinal Ugamem : It rests on the lliacus and on the Ptoas major, being separ¬ 
ated from both musclts by their coverity fascia; and the peritoneum, and the retro- 
cacil recess of the peritoneum (p. 1452) which fretiucnily contains the vermiform 
appendix. In addition, the lateral cutaneous nerve of the thigh intervenes between 
it and the lliacus, )n front it is usually in contact with the anterior abdoirunal 
wall, but the greater omentum, and, if the cacum is empty, some coils of small 
intestine, may lie in front of it. As a rule, it is entirely enveloped by peritoneum, 
but in alwui 5 per cent, of cases (flerry) the peritoneal covering is incomplete, the 
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upper part of the posterior surface being tihCovcmJ, and ccmnecleTd to ihe iliac 
fascia hy areolar tissue, The cajctim enjoys a considerable amount of movement, 
so that it rmy become hemLated do\^~n the right inguinal canaU and it has uccasiofiaLly 
been found in an mi^tLinal hernia on the left side. 

The atcum varies in sha|>Cp but, secordintf to Treves^ it may be classified under 
one of four types. In early feetsi Life it is short, conical p and broad at the basep with 
its apex tiiriied upwards and medially tm'arcjs the ileocactd junction. As the f[ztiia 
|pow3« the ciecum increases in length tnore than in breadth, so that k forms u bnger 
tube and lacks the broad base^ but still has ILic same inciination of the apex towards 
(he lleoeaKal junction. .As dcvclppmciit |foe$ on^ the lower part of the tube 
ceases to gmw' and the upper part bectanes greatly ineneasedH so that At birth the 
narrow vetTmform appendix hangs from the ape* of a conical ca-cum. This k the 
infantile form and as it persists throughout life in about a per cent, of subjects, It was 
regarded by Treves as the firsi of his four typea of human caeca. The three eseni^ coli 
(p. [446) start from the appendix and are equJdi&tant fnmi each other. En the ttcond 
type, the conical ewum has become quadrate by the outgrowth of A asceule on each 

Fun. 1196 *—The interior of the CAeuin and the lower end of the tveendinB celnrip 
oliuw-ing the jleoCiCcal vali^. 
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^idc of the finicriar tienid. These aacculits arc Of equal sire, and the appendix arises 
fmm the depression between them, instead of from the apex of a cone. This type is 
found in about j per cent- of subjecta^ The third type h the nottnal type for man. 
flere the tivo saccules, which in the second type were uniform, have grown at unequal 
ntca £ the tight with greater rapidity than the left. In consequence of this an 
apparently new apex hm been formed by the downward growth of the dght Erectile, 
and the original apex, with the appendix attached, Is puahed avtt (o the left towards 
the iltoca^ca] junction. The three tasnla^ still start from the base of the vermiform 
appendix, but they arc now no longer equidistant from each otheri, because the right 
sacctilc haa grown between die an tenor and postrroliitand t^niw, pushing them over 
to the left. This type occuta in about 90 per cent, of subjecia. The/ciirfA type is 
merely m exaggcraied condilion of the thi^; the right saccule is still larger^ and at 
the seme time the left xoccuLe has become atrophiecl, &o that the original apex of 
tlie cgccuto^ with the vermiform appendix, b clooe m the iJeDoccal Junction, and the 
anterior benia courses medially to the same situation. This type is present in about 
4 per OEfit. of subjects. 

The it«>caecal valve (fig. j iq6). —The lower end of the ileum opens into the 
medial and poatcrior ^pcci of die large intestine, at ihc point of juiurtion of the 
c!£trum with the colon, 'flie ilcocaical oHlicc tg represented on the surface at the 
puint of intBrsection of the right lateral and tnmstubcrctiLar plants ; about z cm.^ 
below this point the vermiform appendix opens into the c^cuhIk The opening is 
provided with a valvc^ consisting of two segments or lipa^ whidi project into the 
lumen of the large mtefitine. If the imminc has been inflated and dried, the lips art 
of a semilunar shape. The upper Lip, nearly horizontal in direction, is attached to the 
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line of junction of the ilEnim with the colon ; the lower lip, the longer and more 
concave, is attached to the line of junction of the ileum with the c^cum. At the 
cnAi of ilic aperture the two segments of the valve coalesce, and arc continued as 
narrow membranous ridges for a short distaiiKi, forming tYx frenula of the valve. 
The left or anterior end of the aperture U rounded ; the right or posterior is nairow 
and pointed. In the fresh condition, or in specimens w'hich have been Isardencd 
in filv, the lips of the valve project aa thick folds into the lumen of the cxcuiri, and 
the opening may present the appearance of a slit or may he somewhat oval in shape. 
1’he circular muscle coat of the terminal part of the ileum is thickened to form a 
sphincter. 

Each lip of the valve is formed hy a reduplication of the mucous rnemhranc and 
of the circular mtiscular fibres of the intestine, the longitudinal fibres and periionciim 
being continued unintcmiptetHy from the small to the large intestine, 

■f'he surfaces of the valve directed towards the ileum are covered with villi and 
present the characteristic structure of the mucotis membrane of the small intestine; 
white those turned towards the large intestine are destitute of villi and marked with 
the orifices of the numerous tubular glands jHKuliar to the mucous membrane of the 
large intestine. It was fonneriy maintained that this valve prevented rcfluji from 
the ctecuro into the deura. hut in all probahility it acts as a sphincter round the end 
of the ileum and prevents the contents of the ileum from passing too quickly into 
carcum ; the vtiIvc is kept in a condition of tonic contraction by impulses which 
reach it through the sympathetic nerves. The taking of food into the stomach 
initiates contraction of tlie ileum and the passage of ileal contents into the largic 
intestine through the ilcocaical opening (gastro-ilcal feReJt), 

The vermiform appendix (figs. 1195, t iqti and PL XXIX) is u narrow, wonn- 
shaped tube, which sprinp from the posteromedial wall of the caecum, 2 cm. 
or less below the end of the ileum, and may occupy one of several positions: • 
(d) it may lie behind the caseuiu and the lower part of tlie ascending colon {rttncatal 
and mrocolie), (i) it may hang down over the brim of the pelvis {pehk or dneen^Ttg)^ 
in which case it lies in close relation to the right uterine tube and ovary in the 
fetnak, (e) it may lie below the caecum {aibcaail), (d) it may lie in front of the tef* 
minal part of the ileom and may then be in contact witli the interior abdominal W'dl, 
and (e) it may lie behind the terminal part of the ileum, .VIcBurney marked the 
base of the appendix tippoaile the junction of the lower and middle thirds of die line 
joining the anterior superior iliac spine to the umbilicus (jUfBifr«n''i point). The 
three tasniat coli of the ascending colon and csucum converge on tlie base of the 
appendix, where iJiey merge into the longitudinal muscular coat of the latter. The 
anterior tartib of the cacurti is generally distinct and can be easily traced to the rrot 
of the appendix, thus affording a ready guide to that organ. The appendix yan« 
from 2 cm. to 30 cm. in length, the average being about 9 an. It is longer in the 
child than in the adult and may atrophy and become smaller after mid-iiduU life. 
It is connected bv a short mtacnicrwle'to the lower part of the mesentery' of the 
ileum, 'riiis fold," in the majority of coses, is more or less triangular in shape, and as 
a rule extends along the entire length of tire tube. T he Brteiy to the appendix, a 
branch of the lower division of the ileo*co1ic artery (p. 8oj), nms behind the terminal 
part of the ileum and enters the mescnteriole of the sppendLx a short distance from 
the base of the appendix. Here it gives off a recurrent branch which aiiasttimfjscs 
at the base of the appendix with a bnmcli of the posterior caical arterv, the anastom- 
Qsifl sometimes Iwing of considerable sixe. 'Pile main appeiidteular artery runs 
towards the tip of the appendix, lying at first near to and afterwards in the free 
border of tire appendteutar mcscnieriolc. The terminal pan of the artery, however, 
lies aciuallv on the wall of the appendix and may become thrombosed in inflamma¬ 
tion of the appendix, rraulting in gangrene of tlie distal part ol ihc appendix. The 
canal of the vcnniffimt appendix is small, and comraunicaics with the careuin by an 
orifice which is plated below and a little behind the Ucocrccal opening. 'I'he orifice 
is sometimes guarded bv a sexn ilunar valve formed by a fold of raucous iTicinhnme. 
The lumen of the appendix mav he partially or completely obliterated after mid¬ 
adult life. In view of its rich blood-supply and histological differcniiatum, the 
vermiform appendix is probably more correctly to be regarded as a specialised than 

• In [ 0 «w Bubjrru. Waicltr iJ. l°und ihc veiraifotui appendix to be 

nnuCKol^ninKoUcm 6j-*S percent., pel vie in 3*01 per cent,. miboEcal m xat percent., 
pre-ileol In 10 per cent., and port-ileal in 0-4 per «“•- 
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oa 3 dcgencratiep s'^tlgia] structure. The CDn^iguration of the caecum md appcndbc 
in inan and the anthropoid apes is probably le^ primtUvo than in the monkeys. 

Stniclunc,—Tire eoata of the vermiforrn appendix arc the aanie as those of the 
bitrstintr: scrousp muaeulajp auhcnucous and mucous. The siraui coat forma a com¬ 
plete investment for the tube, except nJong the naiTovi^ Unc of fitwthment of tts 
mcaentcr^v I'he tirngitudimii mutcutaf fibm do not form three bands as tn the greater 
part of tise large intestine^ but form a uiiiformly thick layer which iT!.ve$u the whole 
OTgin, except al one or two pniots where both the tongiludinal and rircular layers 
may be deficient, so that the peritoneal and submucous coats arc contiguous over 
small areas. 'Hie ririvtar mus^tur fibres form a thicker layer than tlie Longimduial 
fibres^ and are separated from them by a ^aLI amount of connective tissue. The 
iubmucofu coat is well developedi end cooiains a lar|^ number of masses of lymphoid 
tissue which cause the mucous membrane to bulge into the lumen and so render the 
latter of small sjxe and irregular shape, llic mwoiH wiendWnf i$ Lined with cotumnar 


FSU- 1107.—A transvcTK scClkm throUgli the human vcnnifnml Appendix. stso^ 
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epithelium and rescmblca that of the re:st of the Iftige intcatme, but the intestinal 
glands are fewer in number (hg. 

I'he colon b divided into four parts ; the oscendingp transverse, descending and 
sigmoid. 

The ascending colon* about 15 cm. long, is smaller in calibre than the cscum. 
It begins At the csKum, and ascends to the under surface of the right lobe of the 
liver, where it is lodged in a shallow depression^ termed the colic impression ; here 
it bends abruptly forw^ards ami to the left, forming the right coikJkMre ffig. 1 tSj)* 
In surface projection it runa upwards iminediately to tlic right of the right Jaterd 
plane, from the transtubcrcukr plane to midway between the subcostal and trans- 
pyloric planes. It is omered with peritoneum on its front and aides. Its posterior 
surface is connected by areolar tissue to the fascia over the ILliciis, iholumbar 
Ligament, Quadratus Jumbonim and the aponeurotic origin of the Transversus 
a^ominis, and to the perireniaJ fascia in front of the lower and lateral part of the 
right kidney* The UtetuL cutaneous nerve of the thigh, the fourth lumbar artery 
(iS a mie) and* sometima, the Llio-inguLnal and iliohypogastric nen'es cross behind 
iL Sometimes it is completely Lns^csicd with peritoneum^ and it then possesses a 
distinct but narrow mesocolon.* It is in relation, in fronh with the convolurions of 
the ileum^ the right edge of the greater omentnm and the abdominal wall. 

* Ttcvti examined one hundred aubjecra and found that in fifty-EWo there wm neither 
an ascending tlOf a descending maocspkm ; in rourtem both were present ; while in twelve 
there waa an uacendinf^, and in twenly-two m descending, mcsooolcm. It follows, ihcirefcre, 
that when lumbar tolotomy u perfotmnl, a mcwcolon may be expected upon the left aide 
in ptr cent, of all diea, and an ihe right in 26 per cmi.— Tjfaf Ant^tamv of thf Intminoi 
C^ii nnd Pmimeum in Afon, rfcfis, p. 55, 
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llic right coli£Jlrxur^ compmes the cermidHi part of the asceadmg ooIdd an J the 
cammcnccmeiit of the transverse colon, which turns downwards, forwards end to the 
left. Behind, it is in relation with the lower and Jateral pan of the anterior surface 
of the right kidney. Above and antcrolaterally^ it is related to the tight lobe of the 
liver; antcmmodially, to the second part of duodenum and the fundus of the 
gall-bladder. It is not covered by peritoneum on its posterior surface* so that this 


Fic. 1198.—The surface reUtiocif of the itpniach, Uiner and larRt iutcitific. 



surface is in direct contact with the rena! fascia^ The flexure is not so acute as the 
left giIjc flejcurc. 

The transverse colon {fig. 1174)1 about 50 cm. long, begins at the right colic 
flexure, in the right hypochondriat; rii^on, and* passing across the abdomeo IntD 
the left hypochondriac region, curves sWply on itseif* downwards and backwards, 
bencatli the lateral cod of the spleen* farming the k/t coltc In its course 
across the abdomen it describes an arch, the concavity of which is usually directed 
backwards and upwards ^ towards ila splenic end there is often an abrupt U-shaped 
enrs^e which may descend lower than the main cur^e. Its surface projection is 
drawn from a pointt situated immediaiely laieml to the right bter^ plane and 
midway between the subcostal and transpyloric planes, to the umbUjcus, and then 
upwards and to the left to a point a little above and lateral to the intersection of the 
left lateral and transpyloric planes. The precise position occupied by the transverse 
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colon M difficult to dcfmCp for it not only showa v^riatton» from indivi JuM to LntlivU 
dual but its posidon varies tn die same indh^dud ffum time to time. Very commonly 
it lies in the lower umbilical or upper hypogastric region, but it h often found at a 
higher leveh especially in formalin-hardened subjects. It frequently descends in a 
V-shaped manner, the apex of the V reachkig well below the level of the iliac crests 
{s^tf p, 1399). The posterior surface of its right esitremity is devoid of peritoneum, 
and is attached by areolur lissiie to the front of the second part of the duodenum 
and the head of the pancreas. Iktw ctn the head of the pancreas and the left colic 
ficxurcp the transverse cobn is almost complsiely inviaiicd by peritoneum, and is 
connected to the anterior border of the pancreas by the iraNst-rrse nieMoioa. It is 
in relit in II, by its wppr surface, with the liver and gall-bladder, the greater ciirvamrc 
of the stonuLchn and the lalemi end of tht spleen ; by its under surface, with the 
small intestine : by its anEcrior surface with the posterior layers of the greater 
omcniufii; its pj^crior surface is in rclaiioEi whh the second portion of tht 
dutHlenum, the head of the pancfc'os, the upper end of the mesentery , the duodeno¬ 
jejunal flexure and sortie of the coils of the jejunum ^nd ileum. 

Tile tefi co/h: Jlrxur^ (bg, 1185) is situated at the June don of the tranaverae and 
descending parts of the colon m the left hypochondriac region, and is tn relation 
with the latend end of dte spleen and the tail of the pancreas, above, and with the 
qmerior aspect of the left kidney, medially ; the flexure is so acute that titc end of 
the transverse colon tisuaHv lies in contact wiffi the from of the descending colon. 
The left colic flexure lies at a higher level than, and on a plane posterior to, the right 
colic rtrxnre (Ph XXMI 1 ), and is attached to the Diaphragm, rsppnsite tlic tenth and 
eltw'cnth ribs, by a peritoneal fold, named the phr^^ftkifcolk figammi, whklt lies below 
the lateral end of the spleen (p, 14 ro). 

The descending cal on (fig. 1185), about 35 cm^ long, posses downwards 
through the left hypochondriac and lumbar regions. At first it foltows Ute Jotver 
part of the literal border of the left kidney and then, at die lower pole of that cn^jati, 
it descends, in the angle between Psoas major and Quadmtus lumboruni, to the 
crest of the ilium ; it then curves downwards anil medially m front of the IliactLa 
and Psoas majorp and ends in the sigmoid colon at the inlet of the true pelvis.* 
In surface projection ft passes downwards, just lateral to tlic left lateral planc^ from 
a point situated a little above and to the left of the intersection of the tninapyloric 
and left latcrsi planes, os fiir as the fold of the groin. Tlie pcHtortcum covers its 
anterior surface and sides^ while ita posterior surface is connected by areolar tissue 
with the fascia over the lower and Lateral part of the left kidney, the aponeurotic 
origin of Uic 'rranaversus abdominis, the Qoadratus lumboniiti, iht Iliacus and the 
Psoas major (fig. 1205). Numerous structures emss behind tt* They include :— 
the ^iilKosial vessels and nervCj the iliohypogastric emdi ilio-ingulnal nen'ra, the 
fourtli lumbar artery (as a rule), the lateral femoral cutaneous, femoral und gcnico- 
femoral ncives, the testicular (or ovarian) vessels and the external iliac artery, all of 
the left ride. The descending colon is smaller in cy.ibrep more deeply placed, and 
more frequently covered w-itli peritoneum on its posterior surface, than the ascend¬ 
ing doIdii {p+ 1436, footnote). Anteriorly it is rdated to coils of the jejunum, ex¬ 
cept in its lower part, w'hich can be felt through the anterior abdominal wall when 
the abdominal musdes arc relaxed. 

The sigmoid colon (or pelvic colon) (fig. ^ ^99) l>egirts ai the inlet of the true 
pelvis, where ii is conlinyoui with the descending colon ; it forms a loop W'hich 
varies greatly in Icngthk but averages about 40 Cfn+,. and normally lies within the 
pdvis- rhe loop consisLs of three parts; the first part descends in contact uith 
ihc left pelvic wall; the second crosses the pelvic cavity, l>ciw'ecn the rectum ami 
bladder in the male, and the rectum and uterus in tht fcinalc, and may ctittie into 
contact ivith the right pelvic wall; ifoc third arches backwards and "reaches the 
median plane at the level v( The third piece of the sacnjin, where it benda downward 
and ends in tlie rectum. The sigmoid colon is conipklely fiurmunded by peri¬ 
toneum^ which forms a mesentery, termed the sigmoid nmticolon fp. 14J0); this 
diminished in length from the centre towards the ends of the loop^ where it dis- 
appears^ sn that the loop h fixed at its junctions with the descending colon and 
rectum* hut enjoys a cofisiderablc range of movement m its central portion. Its 
relations ure therefore subject to coneidcmbJu variation. F.a^rraUv it in related to 

* "1‘tie dcieetidirtg Oalfin h HHTifetime* dc&cribi^ as tndto^ hi ihe level of the lIuc ereft, 
the part betAiccn tlutt level and the iuht of the true ptlvii being named the iliac coFum 
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the cxtcmul iliac vesseK the obturator the ovary (in the the iluctus 

deferend (ill the mile) and the luieral pelvic waJh Poitrriorfy it h rdatetl to the 
internal iliac vmclsi* the ureter, iht Pirifonnis and the Eaeral plexiiif, all af the left 
side. Inf mar iy it rata on the bladder, tn the ms,k, and on the uterus and bladder, 
in the female/ and on its right it ia in oontact with the terminal coik 

of the ikum. 

The ptmitKio and shape of the $i|ptioid culon vary very mueht and depend on (a) its 
lenfith ; the Icnnih and rieedom of ila mesoonlon ; (r) tlw condition of disitntion ; 
when distended it rises <HJt of die pelvis into the abdominal cavity* and when empty 
it sinks again into the pclvia i {dj the condition of the nfcruan and bladder (and tfve 
uteniSK in the fenmle') ; when these organs am distended the sigmoid cobn tends tt> 
rise, and conversely* 


FiCr I j90,—An Db!it|ue conMinl section tbrmi||h the pclvii m expose the 
recttim &Dm m fitmL 



ITic rectum (ligs. s T99 to 1302) is voiiiinuuiui libove with the sigmoid colon at 
the IcvtI of the third aaend vertebra, the junction being indicated by the lower 
end of the eignund mosiKnlon. Fiom its origin it descends, (bLluwing the con¬ 
cavity of the sacrum and coccyx, forming an antcropostcKor curve hnuw n as the 
sacra!fifxure of the reciuni. It thue po-sscs at first doAvnwards and backwards, then 
downWiUtJs, and finally downwards and fonvard$ to beemne continuous with the 
anal canal by passing through the pelvic diaphra^*^ The anorectal junction k 
situated 3 to 3 cm. in front of* and slightly below^ the tip of the coccyx ; from this 
level, which in the male is opposite the apex of the prostate, the anal canal passes 
downwards and bsick wards from the lower end of tlic rectum, the backward bend 
of die gut at the anorectal junction being termed die pmnra! fitjutum of the rectum, 
In addition to i la anteroposterior curve, Uie tectum deviates from the midline in the 
form of three lateral curves ; the upper one is convex to the right, the mlddlp one 
(which b the mu&t proniineni) bulges to the left, and the lower one is convex lo the 
right; the beginning and end of ie rectum arc in the iiiedian plane. 

The rectum b about 12 cm. long and ils upper part bos the same diameter as the 
sigmoid colon (about 4 cm, in the empty atate), but its lower pan is dilated to form 
the ncitiJ ampuHa. The rectum difiera from the sigmoid colon in that It has no 
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sacculattans^ appendices cpiploicuL^ or mcscnicty^ while ike licnisf coli (p. 1447) 
blend about 5 cm. above the Juficilan of ihe rtetum nnd sipnoid colon to torm two 
wide {ntJ 4 K:ul^r hand* which descend, one on the anterior and the other on the 
posterior of the rectum. The peritoneum ia related only 10 die upper tw^cs“ 
third* of the rectum ^ covering at firet ita from and sides, but lower down ita front 
only ; from the latter it Is relfeicd on to the bladder in ihe male, forming the recto¬ 
vesical pouch of peritoneimi, and on to the pt^sterior wall of the vagina in the 


Flfl* 1300 *—The ireliim vim'cd fiom behind. Fvposed by the lemoviJ af ibe 
lower part of the saemra and the coct>'x* 



female, forming the rectti-iitenne pouch. The level of peritoneal rvdcction ia 
higher in the mate 1 the reclovcaieal pouch being about 7 5 cm, from the imiis (the 
height to whidi the indeat Unger inserted through the anus can reath); in the 
female the rccto-uterinc pouch u about §-5 crn. from the anus. In the male furtus 
the peritfjneum extends on the frfjnt of the rectum as for as the loweir end of the 
prostaic (p* 1505). Otk the iigmnid colort, as on the gui genenilly, the pefiioneum 
is Intimately attached to the muscle cf/ai, but as it dcscencU on the rectum, the 
peritoneum becomes more loosely aitachcd and sept!rated from the muscle by fatty 
tissue, to allow catisidmblc expansion of this part of the gut. 

In the empty ^tate of the rcctumf the tnuequ* membrane of its lower |>art 
presents a number of longitudinal fold* which arc effaced by distension of the 
rectum. Besides t hese, there are permanent or hori^mful falds of a iieml- 

lunar sliapc, which are imsat marked w hen the rccturn is distended* and consist of 
an infolding of the mucous tnemhrane and part of the circular n^usclc coat of the 
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gut; the Longitudinat muscutar coat does not enter the folds- If well developed^ 
the folds may cause some obstmetion to the intniduction of inatrumeiits uito the 
rectum, Conunonly three folds ate present, but their number is varifll>le+ Fhe 


FiOh isdi.—Diasmm of i i^qrona] section of the itcnim and anal eansi and the 
strucfum adjainingf' (Baaed partly on Rauber-Kopsch, Lt^rhufh ufid ,4.ilni 
drr Analfmsi dtts Abt. iflafl.) 
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ttpp^r one is isimuled ne^rthc cointncTitw^i^ni of the rectum and may be an the left 
or the right side : occasionally il msy encircle the gful and the lumen of the gul is 
thcTS somewhat constricted at this site; the middle fold is the largest and nvjal 
corLgtantn and is situated immediately above the ampulla of the rectum : it ‘projt'Cts 
from the anterior and right walls of the rectum _Jusl below ihc level at wmieh the 
peritoneum is retlccted fmm the anterior surhice of the rectum : the circular muscle 
in this fold Is more marked than in the others. The lowest fold is inconpiani isnd 

on the leftside, about a’5 cm- below' the middle fold ; somciimcs a fourth fold 
h present on the left ^ide, about 2 5 cm* above the middle laid described above. 

Paterson * considered the wetum to consist functionally of two parcs^ one above 
and the other below the middle fold, the upper part containing fitcca and being ftec 
to distend towards the peritoneal cavity, while the lower part occupies a more con¬ 
fined situation* enclosed in a tube of condensed eKtrapcritonc^l tissue (esMpt 
during defecation) empty in normal individuals^ though in cases of chronic cansnpa- 
tioni or after death, it may cnutHin hreea. lie also beUeved that the honanntul folds 
suppi^rted the weight of the fsces in the upper part of the reclurn. Ji may tx noted 
that the pert of the rectum above the middle fold is developed from the hind gut, 
white the part below, together with the upper pflrr of the anal canaJ, is derived from 
ibe cloaca (ixist-aJUmtojc gut). O^Ecime f and Hurst,* however^ believed that ihe 
sigmoid colon seta as the ficcal reservoir, ihst in nuimul individimU the rectum ia 
empty (ihcjugh it msfy contain hcces in cases of chronic ccin&Tipatkjn)p iuid that the 
passage of feces into the neclum nonnally excitea the desire to defecate- 

RelaliOtifl of the rectum-—/Wenhrjj)' the rectum ia related in the median pbne 
to the lower three sacml vertebrae, Uie cetccys, the median ajcral vessels, the 
ganglion impiir and branched of the superior rectal vessels, while on either side of 
the midtine the following structures* particularly those of the left side^ lie behind 
the tectum ; namely, the Firifonmb muscle* the anterior rami of the Iuwit three 
aacmt amd coccygeal nerves^ the sympathetic trunk* the low^cr lateral sacral vessek 
and the Coccj^gcus and the I.ovator ani muscles. The rectum is attached to the 
sacrum along the lines of the anterior sacral foramina by fibro-areobr tissue which 
encloses the sacral nen'ts, the pelvic splanchnic ncrv'cs passing from the anterior 
ratdi of tlic second, third (and fourth) sacral nen^ts to join the pelvic plexuses on 
the rt'dal tvaH, branches of the superior rectal vessels^ lymphatic vessels and lymph 
nodes, and loose perirectal fat- Anfmtfrly, the relations of the rectum differ in 
the two sexes. In the male, above the site of reflection of the peritoneum from the 
tectum, the upper parts of the of the bladder and of the seminal veaidea, and 
the rectovesical pouch of ilic peritoneum and tts contents (terminal coils of the 
ileum and the sigmoid cobn) lie in from of the rectum ; while belmv the peritoneal 
reHecikn the rectum is related anteriorly to the lower parts of the base of die 
bladder stnd of the seminal vesicles^ the deferent ducts, the terminal psrtit of the 
ureters atid the prostate. In die female, above the peritoneal reflection^ tjic uterus, 
the upper part of the %'agina and the recto-uterine pouch of the peritoneum and its 
contents (terminal coils of the ileum and the ^jigmoid colun) lie in front of the rcclum, 
■while below the peritoneal reflection the rectum is related anteriorly to the lower 
p:irt of the vaghuL iMttfuilyu tln^ upper part of ihtr rectum is related to the para¬ 
rectal fossa of the peritoneum and its contents (sigmoid colon or lower pan of the 
ileum)^ while below the perlionea] reffeetjon the pelvic syntpaihctlc plexusi^, the 
Coccygei and Levatorcs ani, and branches of the superior rectal vessels con*^tituic 
iu immediate Lite ml relations. 

The anal cnnal ^ (figs, izoi , tao2) begins where the lowierend of the ampulla 
of the rectum Siuddenly narrows, and it passed daw iuvards and backwards to end 
at the anus- It is about 3 8 ern, long in the aduk^ its anterior wall being altghtly 
ahurter than its posterior* and in the empty condition its lumen has the form of an 
HnTcropofltcrior langinidinal slit. Behind* it ia in contact with a moss of fibrous and 
muscular tissue, termed the tinf>cotiygfa^ which T^^paraies it from the lip 

• A- M Ftterfcon* J. ijnd 1909, 4, 117, 
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^ F. R. Wilde, En£.y. Surgfry^ 194^4 3^t ; £. T. Q Milligan, C. N, Morgmip L. E. 

|oDes and R- Oflicer, LuncrU I9a7i ^ * * *9? Cjabrieh Prineipitj aitd P^ntti£e of 

Rrctal Surgfry, 1945 ; J. U- Golighvf. A. Cj. LcaecNck find J.-J. Bmody, Surg., 1955, 

43. 51 


THE ASAL CANAL 


of ioccyn ; m front, it Is scpar;(ted by the pcrmral body (p. 608) from the mein- 
branous part of the urethra and the bulb of the penis in the male, and from the lower 
end of the vagina in tiie fenuk; latefalSy it is related to the tschiorcctal fo^c. 
Over its whole length it is aurroundiid by sphincter mtisclcs, the tone of w htch 
mrnially keeps the canaJ elused. 

The lining of the canal dil^fers in various pacts. The mucous membrane of the 
lower pan of the rectum U pde pink in colour and semitransparent, aJlowing the 
pattern of the branching radicles of the superior rectal vessels to be seen through 
it. The upper half (15 mm^ of the anal canal is also lined by mucous membrane 
and is plum-coloured owing to the blood in the subjacent internal rectal vtrtona 
plexus. The epithelium in this region is variable in character ; in some cas^ it is 
stratihed columnar in in others at is mainly stratified squamous with patches 
of stratified columnar^ and yet In othcra it contains areas of stratified columnar, 
stratified equarnous, stratified polyhedral cells {the cells nearest the lumen being 
columnar), and a single layer nf simple columnar cells hke those lining the rectum.* 
In this part of the canal the mucous membrane presents six to ten vertical folds, 
the antii which arc well marked in the child but are scnnciimes not so 

welbdefincd in the adult. Each column contains 1 terminal radicle of the superior 
rectal artery' and vein, these radicles being largest in the left-lateral, right-posterior 
and nght-anicrioi quadrants of the wall of tlie anal canal; enlargements of the 
vciioufi. radicles in these three sites constitute primary internal hja^morrhoids^ The 
lower ends of the columns arc joined lagclher fay small crescentic valve-like folds 
of mucous membnanc, the ami rakts, above each of which lies a small recess or 
anai siniis. The sinuses, deepest tin the posterior w'all of the canal, may lixLgc 
foreign matter and become infected, leading tu abscess formation in the wall of 
the anui amal ; the anal ^-alves may be tom by hard fxces, producing an anal 
fissure (p. 1446]. I'hc line along which the anal valves am situated is termed the 
pfctiriaU iinf ; il lies oppiisitc the middle of the Sphincter anj inlemus and is 
commonly cxinsidcrcd to be the site at %vliicli the anil membrane was situated in 
the early feetus ^ thug Ic represents the place of junction of the entodermal part 
of the anal canal (developed from the cloaca) and the ectodermal part (derived from 
the anal pit ur proctodu^um). Sometimes siiiaU epithelial projections (anal papiltiu) 
arc present on the edges of the anal vales ; they arc considered to be remnants of 
the anal incfnbrane. johnson,! howes^er, maintained that the junction of the ecto¬ 
dermal and cntfHletmal parts of the anal canal is situated lower down. 'I*hc succeed¬ 
ing part of the anal canal extends for about 15 mm. IkJqw the aiud valves, and ia 
known as the traJmtiamd tmr or Its epithelium is stratified and is inter¬ 

mediate in. thickness between the single layer of columnar epithcEum Lining the 
upper part of the canal and the skin lining the lower pan ; unlike the latter, it 
Contains no sweat glands. The iransiiinnal zone also overlies the internal rectal 
vctiuiis plexus and in life has a shiny and bluish appearance. Its submucosa 
concains fairly den&e conneexive tissue, in eonirasc witii the lax cormcctivc tissue 
of the upi^er half of the anal canah suggesting a firm support and. anchorage of the 
lining of the pccten to tlie aurrotinding mitscle coats of thiu part of the anal canal. 
The transitiimal :eonc ends l>dow at a nartuw wav-y ssonc, commonly called the 
' white line ' (of Hilton); in the living subject this ' Une ’ is bluish-pink in colour 
and is only rarely recognisahlt* mii 4 cro 6 Cfi>pically 4 Its Lmpnrtancc lies in the fact 
tliat it is situated ai the Jcvd of the interv'al brtwwn the aubcutaticou-s pan of the 
External Ephincter and the lower border of the Ifitcmal sphincter, and on digital 
examination of the anal canal in fhe living Bubject a slight groove (" anal inter- 
sphiucteric groove') can be felt at this site. Ilelow the * while line', the Inwer 
8 mm. or so of the anal canal are lined by true skin which may be dull white or 
browntBli in colour. There arc eonaiderable ^ujiations in the zones of epltlkelium 
described above and there is frequently an interpenetration of the v'arious types of 
cpiihclia, so that the zones may not be rigidly separated from each other* 

In the region of the anal sinuses, tuml glandi § extend upwards or downwards 
into the submueosa and occasionally even peneLrate deeply into tlie Internal 
aphincter. Each gland ccmsisis of one to six spiral or straight tubules, w'hich msy 

* R. W. Walk, pcnonil communiacion. 

t Fr F- JatifiMn, Amfr.y. Anat,, T9I11, i'6p i. 

I Nt. R. RwiniTt iiiry.Svc. iUS4i 47 p 5*5- 

£ M. Rr Hill, K- H- ShiLt>‘ock 4 nd F- C- RcbvlkJ. Am^r. /Ijjw,, 1043^, tit, 742- 


SPLANCH-^OLOGY 

be branched and which are lined by two or ihra: layers «JJb 
in naloie and ^ntain mucin, 'Phe duct of each gland, which u lined by 
columnar epithelium, opens into a small depruMion of the lining of the anal can^ 
called an mat cryfpt. 'I'hc glands arc surrounded by lymphocyte in a form resemb- 
line H-mph foil ides, and the subniucosal plain muscle is ven- ihtdi in their vicinity. 
Occosiunallv the terminal part of a duct is not canaJuted and, m the« circumstances, 
the accretion may distend tlic gbnd to form a cyst. I he glan^ a« ntiportan 
clinicull? in thriT ihcv mav Ivecome infected with the result that an absoiss or a nstula 
tiwv he pmduoctl. I’hc glands vary widely in number and m tlicir depth of p«mc^ 
tration and ilicv niav even extend in the Bubmucosa above the anorectal junction. 

The anus of ana! orifice is the lower aperture of the anal canal and is situated 
about 4 cm. below and in front of the tip of the ctKcys, in the cleft between the 
buttocks. The pigmented skin around it is tbrowm into radiiitrag folds which con- 
verge towards tlic orifice and are continued mto tVic lower part of tlic anal ciinal. 
Hairs sre developed in this skin after pulierty* in the male only. 

Musculature of the anal canal (fig. At the ano-reetd junction the 

un&lripcd circular muscle coat of tlic redum becomes conaidcnibly thickened (5 to 
g mmd to form the Sfihwrfur {ini The sphincter surrounds the upper 

three-quarters (30 mm.) of the anal cunjU and ends hclow at ihc level of ihc ‘ white 

The Sphincter extemus suttounds the whole Icngih of tlie anal canal; it 
consists of three parts, each composed of striated musde. l^hc 
the Extemid sphincter is a fiat band, alxint mm* bniad, which surrounds the 
lower part qf the anal canal and fie# hori^iontally belotv the lower borders of the 
Internal sphincter and id the superficial part of the Eiclcmal sphincter; it Hca 
hcncath the skin at the anal orihcc and, centrally* it lies heneaih the anal omaUktn 
at the ' white line lire mperfiaul purr of the External sphincter La elliptical and 
lies deep to the subcutaneous part. It is the only part of the Estemal sphincter that 
j» attached to bone, arising from the posa^rtor surface of the termrnul piece of the 
ce>cc)'x by a median fibrous aponcurosiSi the anococcygeal laphe ; anteriorly* after 
surrounding the bwxr part of the Iniemal sphincteral h is inserted chiefly into 
perineal body. I'he drfrppfurt of the External sphincter is a thick annular band which 
surrounds tlie upper part of the tntcrtial sphincter ; iia deeper fibres are fuwd %vjth 
and inBeparablc from those of the Pubc^rectalis {p. 604). In from of the anal cafial 
many of the fibres of the deep part of ihe External sphincier decussate and become 
eontlDuoua W'ith the Superficial transverse perineal musclca+ this arrangement being 
more marked in the female. Histological investigation • indicates that there m no 
clear aeparation of the three parts of the ExtvmaJ sphincter from -each other. The 
tone of the anal sphinctera (Internal and External) keeps the anal canal and anus 
clo^d ; during defalcation the^ muadcs arc relaxed and the lower part of the anal 
csnal is opened out and flattenc^t so that the mucous membrane of the upper 
part of the canal appears at the surface. I'he External sphincter can he voluntarily 
contracted and thus mtnx firmly oedude the anus. The nen^e supply of the Exicmal 
sphincter is derived from the inferior rectal branch of the pudendal nerve (S* 2 
and 3) and from the perineal branch of the fourth sacral neix'e. 

At the anorectal junction the PubcrccCalis fibres of the Lev^ator ani fuse with the 
longitudinal muscle coat of the rectum to form a conjoint longitudinal coat for the 
anal canal, between the Internal and Eiicmal sphincterB (fig, 1201)* Distally, this 
conjoint coat become# increasingly fibro-clastic^ and at the level of tlic * white line 
it breaks up Inio a number {9 to 1 a) of fibro-elastic septa which spread out fanwisc 
thnmgh ihc subcutaneoua part of tlie Exicmal sphincter to become attached to the 
dermis of the skin around the aqua^ These septa consist mainly of yellow clastic 
fibres and the most lateral septum passes between the subcutaneous and superficial 
parts of the External sphincter and becomes lost in the fat of the ischiorccial fossa. 
fl'Elhgan and hi# cCKW'oikers (w footntitCp p. 1442) maintained that the most medial 
septum passes between the Internal sphincter and the subcutaneous part of the 
External sphincter to reach the lining of the anal t^nai at the * white line ^ : they 
called It the ansi imermuacular septum and believed that it produces the groove 
referred to above ae the ' anal imensphincicric groove'. Oihcrssf howc^-er, point 

• C. doligher* A* G- Leacock and J.-J- EkOiSt*, Bnt.J. Surg., 10SS» 4J# 5* . 
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out that the longiiudituil fibres in this position, compared with those penetrating 
through the suhoitaiieous part of the External sphincter, are ton weak and scanty 
to warrant the name of * ■nal inienmisaUar septum ’, and Walls believes that the 

• anal Intci&phinctcric groove ' is produced by the coittraction of the subcutaneous 
part of the External sphincter in the living subject. Iti the submucosaof the anal 
canal below the level of the anal sinuses there is a w'cli-tnarked layer composed of 
plain muscle, yellow elastic tibrcs and connective tissue. These fibres are derived 
mainly from stniiida of the conjoint longitudinal coat of the anal canal which pass 
inwards and dn^wnwards between bundles of the Internal sphincter (fig. 1202). 
Some of the sinmds end inferiorly by passing laterally anjund the lower edge of 
the Internal sphincter to join the main longitudinal coaf. The majority, however, 
continue downwards and laterally, guptrficial to the subcutaneous part of the 
lixtemol sphincter, to be attached to the dermis of the skin from the level of the 
■ white lint' to well bevond the anus. These fibres produce the oumigalion of the 
skin characteristic of this region and constitute the ' Clorrugotor eutie ani muscle ', 
Wilde maintains that thtse fibres are exclusively yellow elastic fibres, though 
Goligher atid his colleagues liave noted the presence of plain muscle fibres among 
them. Between the subcutaneous Exicmal sphincter and the skin of the anal canal 
lies the external rectal venous plexus ; contmunitadng veins pass between the 
external and internal rectal plexuses and thus establish connections iKtween the 
portal and systemic venous systems. The radialing elastic septa end below by 
breaking up into a nei\™rk which subdivides the narrow interval between tlw 
subcutaneous External sphincter and the skin into a compact honey comb; this 
arrangetnent accounts for the severe pain produced by collections of pus or hltwd 
which may occur in this region and for the localisation of a hicmoiThage follow ing 
the rupture of a vein of t he exte rnal rectal plex us. The submuixm above the' white 
line', containing the internal rectal venous plexus, is known surgically as the 

* submucous space ’, while that below the * white line ', containing the external 
rectal plexus is called the " perianal space '. I'liese two " spaces are separated by 
the dense submucous laver of plain niuscic and connective tissue referred to above, 
which is especially well-marked for a short distance below the anal valves (E. V\'. 
Walls, personal cortimunication). 

At the anorectal junction the Puborecialis, deep External sphincter and Internal 
sphincter collectivelv form the ‘ anorectal ring ’ of muscle, which can be felt by a 
linger in the anal cai^ ; migically^ dwisioti af the ring refults in Teclal j'jTfonfiamfe. 
The anterior part of the ring is not so well marked, since relatively few fibres of 
the Fuborcctalis ptiss in front of the anorectal junction, most of the fibres of this 
muscle formitig A sling which loops round the sides and back of the gut at this 
site, slinging the anorectal junction forwards towards the pubis. 

Correlated with the dual development of the anal canal, the part above die anal 
valves being derived from the etitodermal cloaca and the part below from the ecto¬ 
dermal proctodajum (p. 195), the foHowirig facts may be noted. In the cctodcrmil 
part, the lining is skin whidi is supplied by spinal nerves (inferior rectal nerve), 
the arterial blood supply is from the inferior rectal artery, the venous dran- 
age is by the inferior rectal vein which passca 10 the internal pudendal vein (a 
systemic vein), and the lymphatics drain with lliose of the perianal skin into the 
superficial inguinal lymph nodes. In the entoderms! part, the cpithdinm is simple 
columnar, the mucous membrane is supplied by sympathetic nerv'o, the arterial 
blood supptv is (mainly) from the superior rectal artery, the venous drainage is by 
the superior" rcclk vein which rontinucs as the inferior mesenteric vein (a ttibuUry 
of the portal venous system), and the lymphatics drain with those 0/ the rectum 
(p. 902). In case* of obstruction of the portal venous system, the collateral cireula- 
lion opened up by the anastomosis between the portal and systemic veins in the anal 
canal may result in the dilatation of these veins. The diftcrent nen'e supply of tlie 
two pans is correlated with a response to different types of stimuli; the lower part 
is verv sensitive and responds to touch, pain and thermal stimuli like skin in 
geneoi; the upper part, like the gut. has a high threshold for the above stimtdi 
Ld responds more rtadilv to increase in tension. The ctfecte of the ditfcrciice in 
the innervation of the two parts of the anal canal are seen in cases of piles (virico- 
sitics of the veins in the anal canal) which may be covered with skin in thdr lower 
parts and mucous membrane in their upper prts ; in injection of such piles with a 
view to their thrombosis, tlw needle is inserted into the insensitive upper part and 
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not Into the very ^-nsitivc ipkm-<QVELrerd part. Fissure in ano (tearing of the ana] 
\'a1vcs) 13 very painful as il involvi's the lower sertBiiivc part of the anal canal. ^ 

Rectal examination.—On inserting the index finger through the anal orifice, 
it ia first graspcMi by the subcntancQui part of tiie Iixternul sphincter, and then, 
higher up in the anal canal, by the Internal sphincior, the supciVicial and deep parts 
of the Estemal sphincter and the Puborcctalta ■ beyond this, it may reach the 
lowest (or even, the middle) transverse rectal fold. Many of the structures related 
to the anal canal and lower part of the rectum may he felt thn^tigh the walls of these 
parts of the gut, tn the male, through the antenor wall, ihe bulb of the penis and 
[parlttnil]irly if a catheter as placed in the urethra) the menibranous part of the 
urethra arc first identified, and theon about 4 cm- above the anus, the prostate can 
be felt; beyond this the seminal vesick^, if enlarged, and the base of the bladder 
(c3|>ecially if the viscua h distended] may be recognised, PosteriorlVt the pelvic 
surfaces of the lower part of the sacrum and the coccyx may be palpated. Laterally, 
the ischial spine, ischial tuberoaity and, if enlarged, the internal iliac lymph nodes 
may be felt. Pathological chickening of the ureters, swellingis in the ischiorcetal 
fosax and ahnormal contents of the fectovesicaJ peritoneal pouch may also be de¬ 
lected- In the female, the uterine cen ix can he palpated through the anterior wall 
of the rectum (and, for example, its degree of dilatation during child-birth deter- 
niined)t and pathological conditions of the ovaries, uterine tubes, broad hgamcntfl 
and recto-uterine pouch may be detected. In both sexes tenderness of an infiamed 
vermiform appendix con be elicited, particularly if that organ occupies a pelvic 
position. 

VaTioufl pans of the pelvic fascia are considered from the surgical poinr of view 
lobe * fascial supporLs the rectum, which must be divided 10 mobiltae the rcctwi- 
From the anterior surface of the lower part of the saerum a stout avascular condensa¬ 
tion of faaeia passes forwards to the p^iAlcrior aspect of the anoreetal junction ; it 
known ss ' the fftScia of Wildcycr '* I’he fascia around the middle tee tut vessels 
passes from the posterobtefiil wall of the pelvis (at the level of the third sacrnl 
vertebra) to the rectum, const itutiog e>n each side * the lateml ligament of the metum 
Anteriorly the fascia herwten the rectum unJ the Kcminal vesicles and prosiaie (the 
rectovesical fascia, p. t>05l i» imre loosely attnehed to the latter structures than to 
the rectum, and in surgical excision of the Tcctum this fascia is separated along the 
plane bcEWecn it and the pmstitc and Kminal I'e^kleA. 

In addition to the ischiorectal fossae (p^ ho6)„ the follow iiig * spaces'of surgicfll 
importiLOce are dcflchhed in relation to the tectum and anal canal. The pelvirectal 
apace comprises the loose extruperiiQncal connective tissue above the Levator ani : h 
is divided into antcripr and posterior regions by die ' lateral ligamenis of the rectum 
'rhe submucous space of the anal canal lies between the ttiucous membrane of the 
canal (above the ' vi-^hitc line *) and the Intemat sphincter, and containa the infernal 
rectal wnoits plexus and lymphatics; above, it is cendnuouH with the submucosa of 
tlw Tcctuin. The perianal space surrounds the anal canal below the * white line ' {ree 
p. I+4S) : Its lateral prtirt is bciundcd above by the most lateral of ihe radinring elastic 
septa that pa^ through the subculaneous Kxtt mtil sphincter; the laUer septum 
divides the ischForecfal fovia into an upper mfliii jspace containing aiam:ly lobolaled 
fat and b lower periartal ^puce wliiclt containa finer and more compact fat, 'Ilie 
penanni space cotiiains the subeutqnk^iua Ivxtemal sphincter, the external rectal venous 
pbxus and the teiminnl hranchi?* of the inferior rectal vcooiils and nen Owing tt» 
the dfrangement of the radiating septa passing through the suhcutaiicoua External 
flpTiincler, pus in the perianal apace tends to !;pread to the anal canal at rht ' white 
line * or to tJie surface of the perianal skin mtlicr ihun to the main port of the ischio¬ 
rectal fnssd. Since the perianal space surmunds the hnver part of the anal ciinah pus 
on one side may spread round the (umal in the apace. 

fitrocluie of tbc large inteslLnt.’^ I he large intratine has four eoata ! aeroua, 
mu 3 cu[ar, submocoai and mucoua- 

llic ur&tii ioat is the peritoneum, which invests the difTerent poniona of the brge 
intestine to a variable extent CnVe dare). In the courac of the coign the peritoneal coat 
is ihrowTF into a number of small pouLhes filled wiih fat, exiled upprftdiia irpipioUtr* 
ITncy arc mopfit numcroua nn the tran^verve colon and the sigmoid colon ; they are 
net present on the rectum. 

'llic minailar froai consists of on cxtemaE tongiiudimJ, and an internal circular 
la^t:r of unstriped muscular fibres. 

The iorsituiUna! fihm form a continuous layer over the surface of the large 
mtoline,* but in certain rituaiions thJv layer is thickened to form conspicuous longi- 

* G. F. Hamilton, X Amt., So, Proc., p, 230, 
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tudindl bonds, termed and in ihe waienr-als between th™ the Sonifitijdiiifli 

coat tfl less than haH the thickness of the drculor coat. In the cwcuiii mid colon three 
tsnitc are pfcsentp ranRin^ from h id 12 mm- in v^idth in differmt indJvidufib^ One 
(the titnm ifbfra) is placed anlenorly in rhe cKcmti. asotndinRp descending and sigmoid 
colon, but ia placed inferiorly on the irmiavefse colon } the second (the itffnia mw- 
coiiot) is actuated on the posteromedial surface of the cs&cum^ ascending, descending 
and sigmoid colurin but pcisreriorly on the transvense colon, at the site of attachn^enr of 
the imnavcfsi; mniKiolon : the thinl (the omcwloJu) is placed pcisterolalerally 

in the CAnxim, ascendingp descending and sigmoid colon, bin is situated nn the aniefO- 
superior sinfiicc of the tninsvcl^e colon, at the site where ihe poaredor (aiieenfling) 
layers of the greater otnentum meet this part of the large inrcstine- These ban[i» are 
shorter than the other coats of the intestine, and serve to produce the lacculi or 
haustrations which arc characieristic of the ciecuirt and colon ; accordingly, when 
they arc disscciLd off, the tube can be lengthened, and its sacculated character becomes 
losth In the descending eoioit tlie benize increase in ihiclmess at the expense of the 
rest of the longitudinal ctiai and on the sigrtmid c^don this coat undergmrs a real increase 
in its total hulk. In rhe sigmoid cnlnn the longitudinal fibm become more scaltered ; 
and round the rectum they spread out and foim a layerp which completely encircl« 
this ptirtinn of the gut, but is thicker on the anterior and ptmierior aurfaeesp so that 
ill anterior and a posterior broad bond can be recognised. At the rectal wnpuHa, a 
few itninds of the anterior longitudinal fibres pass forwnrds In rhe perined bidy 
(hg+ 6^) ■ tliey conatitu[c fhc Hect^-uFtlhraiii murde. In addition, rwo fasciculi of 

Fig. I ao — A seebon through the mucous memljranc of the lAtge Inlestine fcnl>. 

Staiaecl with hicinitcixvlin and eonn^ ^ 100. 
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plain muscular tissue tmse from the front of the second and third cocc>'gea] verlehrxH 
and pass downiivardfl and forwards tD blend with the longitudinal miwulinr fibres on 
the posleHof wall of the anal canal. These are known u the fJeclocofcj'^nj/ mtitde$. 

The dFCuiar fibres form a thin layer over the occum and colon, being especially 
acciimulnled in the intcr^'al^ between thesaccul ]; in the rtetum they fcami a thick layer, 
and in the anal cantJ they become mimcmui, and censrimee the Sphincter ani intemiis. 

The coaf connect? the muscular and mucous layers closely together. 

'[I 1 C maeouf membrane of the csccum and colon is pale, unooth, destitute of villi, 
and raised into numerous cToSccntjc folds which correspond with the intervals be- 
rween the sacculi ; that of the rectum is tlucker, of ■ darker coburp mote vascular and 
connected more loosely with the muscular coat. 

As m the omall intestine, tlie mucous membrane consists of a miiscular layer 
[lamina muscuLaris mucosz] ; a quantity of rctiform tissue in which the vessels ramify : 
a basement-membnirw, and an epithelium which h of the columnar variety and 
resembles the cpiiheJium found in the small intestine. It contains gbnda and solitary 
lymphahc follicles. 

Ute glands of the large intestine are minute tubular prolongatldns of the mucous 
membrane arranged perpendiculaziy to its surface ; they are longerp more numerous^ 
and plated in much closer appoaifion than those of die small mtcstJnc ; and they open 
by minute rounded cirifi3:cs upon the surface, giving ft a chbriform appearance. Each 
gland is lined with short columnar epilhcliomk the majoriry of the cells being gobkt-cens 

(%. 1202)* 
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The s^'inry lym^tkiuc feiikUs of the large iniestine are most abundant m the 
wcuin and vcmiifoiiti appccuibt, but are IrrcBularly scattend over iheXm^ 
the large Intestine also. They are ainukr 10 those of the Mali witestine. 

The sTruoture of ihc vertnifbrftb appetidLc is described on p. 1456* 


VesseU and Nerves*^—Tlie arteries which supply the part of the lange intestine 
developed from the mjd-(nit (rsi?cufri+ appendb^, ascending colon, right two-thirds of 
tmnsverse colon) ore derived from the colic branches of the superior mesentjeric 
artery ; those supplying the left part of the transverw? 00km, descending colon^ sigmoid 
Colon^ rectum and upper half of the anal canal (hind-gut derivaiives) are the infenor 
mesenteric artery (and its teiroinal branch, the superior rectal) and the middle rectal 
artery. I'hcy give off Ja^t branches^ which tMiify between and supply the muscular 
coata^ and after dividing into small vessels in the submucous tissue pass to the mueoua 
membrane, 'flu: arierics trf the rectum and anal canal are the superior rectal arltiy 
(the continuadon of the inferior mesenteric)^ which Is the chief artery of the rectum 
and w'hicb divider into two blanches that run down, one on each side of the icctum, 
■nd break up into terminal brunches that plcrcc the mtiscukr coat and pass in the 
submucosa of the rectum and thenoe in the anuJ columns as far 44 the anal valves, 
whEit: they form looped anastomoses; the middle rectal arteries, whicli nm in the 
' lateral liganscnta of the rectum ^ to supply the muscle coats of the lower part of the 
ifectum and anastomose widi each other but only form poor anafitomejsea with the 
superior and inferior rectal arteries; tbc inferior jcccal arteries, which supply tlw 
[ntertuil and Extertml sphincters, ihc anal canal below the atinl v^ves, and the perianal 
skin ; and the median sacral artery, which supplies ihc posterior wall of tJic anorectal 
junedun and of the anal canaL 'I"he veins of die large tnte$rinc are the superior and 
inferior mesenteric veins, which dnun the some pom of the large intcatine os are 
suppljed by ihe correspunding arteries, 'Fhe veins of the rectmn end anal canal are 
the superior rectal veins, which conuiicnee fmm the internal recial plexus in ihc 
anal cmal and pess up in the rectal lubmucosa In the form of about six vesacis of 
considerable size, to pierce the muscukr wall of the rectum about 7-5 cm. above ihe 
inu5 and to farm a single trunk, the Euperior rectal vein, which is cominued os 
the if^erior mesenteric vein ; the middle rectal veins, which begin in the submucosa 
of the rectal ampulla and drain chiefly the muscular walls of this pan of the rccrum ; 
and the inferior rt^ctal veins, which begin from the external rectal plextia and drain 
the lower part of the arutl canal. 

The nmt-mppty of the large inicarinc (exclurivi^ of the tower half of the anal canal) 
is derived from the sympathetic and parasympathetic systems. The csecum, appendix, 
ascending colon and the right twq-thirds of the transverse colon (all derivaiivcs of the 
mtd-gut) havti their sympathetic supply from the cmliac and superior mesenteric 
gsnglia, and their parosympaihecic supply from the vsgus ; in each case the nerves 
are distributed to the gut in the plexuses around the branches of the superior mesenteric 
artery. The left third of the transver^ colmi, descending colon, sigmoid colon rectum 
and upper half of the anal csnal (derivatives of the hind gut) derive ihdr sympathetic 
supply from ihc lumbar part of the trunk and the superior hji^gaatric pkxus by 
means tif the plexuses on the branches of tlie inferior mesenteric artery, 'fht pstra- 
sympaEhettr supply 10 thin part of ihc gut is derived from the pelvic splanchnic nerves 
(nervi engente^). From these latter, fibres p^ to the mferkr hy|M>gxstric plexusra 
to supply the ncctutn and upper half of the anal canal j in addirion, same fibres pass 
up umnterruplcdly through die superior hypogastric plexus ra be dLstribuced along 
the inftnur mesenterjc artery to rhe tnpavetse, descending and sigmoid colon (p. 
1 x2o). Further ^ branchrai from ihc pelvic spianclinic nerves p^iss up cm the posterior 
abdurnijifll wall behmd tht peritoneum, independently of the inferior iii«icmcrie 
artery, to be distributed directly to tlic left colic tlexure and descending colon (G A G 
Mitchell, ms. Mrrf.Jcwrij., 4a, ri). The ultimate distribution in the gut wall 
IS smilar to that in the wail of the small intestine (p. 1432). The sympathetic Jicn e* 
to the rectum iind upper part of the anal eonaJ pw nioiniy akng the inferior mesenieric 
and i^ufTcrnu rectal ariencs and panly via rhe superior nnd inferior hypowwtTk 
ptexuK*, the latter supplying tJic lower pan of ihc rectum and the Intcma] sphLeter 
The paraaympaihctic supply from the pelvic splanchnic nerves passes fomards as 
long sframls (alwui 1 cm. long) from ihc sacral nenxs to join the inferior hvmigflstfic 
plexus^ the sides uf tlic rectum, being motor tu the mLiscuIaturc of the rectum 
and mhibilnrs' to the In^rnol sphmctcr. In surgical excision of ihc rtemm the dis¬ 
section IS kept close 10 the rectal wall, otherwise lliese nerves may be damaged with 
tunsL^ueni d>'sfiincUon of the bladder, and, in the male, irapofcVce resulting from 
failure of erection of the perns Afferent impulses underiving aetiiatlons of phi’Eio- 
logical distenskm are conveyed by the iw^yTtipathctic nerves, while pain impulses 
are conducted by both the sy-mpaihetic and pariufy^irpaihetic nerves lunplvine the 
rectum and upper part uf ihe anal eonaL 

'IT^ lympfi MPirf ve»flt of iKc large intcsii^ on, deacribed on pp. 904-^904. 


THE APPLIED ANATOMY OF THE INTESTINE 




Apptieit Anatomy ,—The infKK^ency of rvlpftire of the smuU Intestine by ntemi3 
injury to the KbdpfnmBi wall b attributable to its ebsticity and the msc wUh which the 
coils iflidr over each other ; the more fixed duodenum, particularly its third part is it 
cfmsea the vertebral column^, h fnore liable to such dmnaire. 

In cstrmal hemk the ileum is the portion of bowd ikhmi Frequently herniated. 
When a pan of the Large intestine is involved it btniually the oecum or the stKiruiid colon. 

Htrnta .—llic chief sites at which external bcmia may occur are the inguinal 
region, the femoral canal, and the umbilical ncirion. 

Ingumal h^nia .—In this foim* the viscus is prorruded tlirough ihe inguinal regioii 
of the abdominal wall. The two principal varieties are oblique, and dlfectH 

In cbiiqw! inguinaj hmtta the intestine ii protruded through the lateraJ inguiniil 
fossa (which lies behind the deep inguinal ring). Here the hemiste^ gut puibes before 
it a pouch of the parietoJ peritoneum and extraperitoncal areolar tissue, [t enters the 
inguinal canal at (he deep inguinal ring and becomes Invested by the internal speimailc 
Fftscjs which encloses the constituents of the spermatic cord^ In passing along the 
canal it displaces upwards the arched fibres oFthe Trans%'crsua and ObliqtiuS inremua* 
receives m covering from the creniiasteric fascia and muscle^ iuid lies in front of the 
consrituents of the spetmatic cord. It cscapca from the canal at the aupedidal 
inguinsJ ring and here becomes mvested by the estemal spemnaric fascia. Lastly,^ it 
descends into the serotuiti^ here receiving additional coveringi from the superiiciaJ 
fascia and the skin. Such a herniated part of the gut may become cons meted at the 
deep ingumal ringn with camcquent interferETicc with its blood-supply fstrongulslionh 
In relieving the strongulntion, the deep inguinal ring should be cut in an upward and 

FlO, 1204- —The variBtin of oblique kgumal hernia. 




lateral direction id avDsd the Inferior epigastric vcsaels^ In most cases, the occurrence 
of oblique inguinal hernia depends upon congenital defeen in the pmcessus v^aginalis, 
the peritoned pouch which precedes the descent of the tesns (p. 214). Ohlitr ration 
of the processus vaginalis may be complete at birth (G. A. G, MitchcU+X 1939, 

78), or it may begin shortly before birth and be completi-ri subsequently ; the closure 
occurs first at the deep inguinal ring and at the top of the epididymis and gradually 
extends until the whole of the intrnreniiig portion is converted into 9 fibrous cord. 
Complete or parbid failure of closure of the processus may pccur^ with conacqu^t 
variatkiTU In the rebtian of the lietnial protrusion to the testb and tunica vaginalis ; 
e.g. where the processus is patent thmnghout, the htmiated gut descends in front of 
the testis into the tun lea vagjnalk (complete congenital hemialp the procerus and 
tunica vaginalis constituting the sac of the hemia+ In iocompletc congcnitEil hernia 
(or hernia into the funicular ptuecss)^ tht gut descends m for as the lop of che leatisp 
where ihc processus is sealed off from the tunica vaginalis {fig. 1204). Although the 
above types of inguinal hemla ar<^ caiJed congenital, the actual occurrence of the 
hemia tnlo die pre-existing peritoneal sac may not take pbee until adult life and tlwn 
be produced by such factors as Increased intra-obdcminal pressun: nr sudden muscular 
atrainr 

In direct hrmia the protrusion makes its woy through some part of the 

inguinal triangle* cither through (a) the lateral part* the medial inguinal fosa^ where 
only cxtrapcritoneal tissue and transveraalis foacia intervene bebiveen the peritoneum 
and the apcmcuroAls of the Obhquus extemus s ot through (&) the aupravcsical fossa 
and (he conjoint tjcndon, which atretches across the medial two-thirds of tJie triangle 
between the inferior epigastric artery and the median pbi^e. In the former the hernial 
protrusion escapes from the abdomen on the bie ral side of the conjoint tetnlon, pu^es 
before it the peritoneum^ extiapcriloncal tissue and tnmsversalis fascia^ and enters the 
inguinal canal, ft passes along nearly tbt whob length of the canal and finally emerge* 
from the superficial ring, receiving an mvestment from the external spermatic foacii. 
The Coverings of this forti) of hernia arc similar to those of the oblique form^ except 
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that a pnrtiorL ilcrived from tht K^neral layer at cmnav'malie faicia Deplacp the internil 
spermatic fascia jki tJuit the hernia berween the inncimoat and the mitldle covering 
of the spcrtiifliic cord, , . . . , , , - 

In the second form, which is the mote frequent, the htmia is either fotetd thmugh 
the fibres of die conjoint tcfttloiip or the tendon is gradually distended Ln front of if 
so as to form a complete investment for it. The intestine then enters the lower end of 
the inguinni ciindp neapes at the superficial riPB, lying on the medial side of the cord, 
and receives odditianol cov-erings from the esternai spermatic fascia, the superficial 
fascia and the skin, llic coverings of this form therefore differ from those of the 
obUque form in that die conjoint tendon is subslituted for the Cremaster, and the 
internal speimatic fascia is teplcured hy a portion of the general layer of the trons- 
vcrsalii fascia. It may be observed that in all the viirieties of ingtiiaal hemk the most 
superficial covering is an invcatment from the eiicmal spermatic fa^k and b iJeiitical 
with the oulennmi covering of the Bperniatic cord. An oblique inguinal hernia lies 
within the spermatic cord and shares aJl Its coverings, but the covering which a direct 
hemia acquires fmm tlic transvcraalis fascia is distinct from the covering which the 
flpeimsitic cord receives from that layer. 

Direct inguimil hemk if of mudi W frequent txicuirencc t^U obl^Lie, and ia 
Found mure often in men ihnn in women. The main differences in position between 
it and the oblique form are : (it) it is pkeed over the os pubis and not tn the course of 
the inguinal canal; (ft) (he itiierior epigastric artery nms on the lateral side of the 
ncclc of the sac ( and (c) the spermHtie cord lies along its lateral and pogteriar aidcs^ 
not dlmcdy behind it aa in ublique inguinal hernia. A direct hetiua ta always of the 
acquired varirty- 

l"he seat of itricturc in bodi varietiea of direct hemia is usually found either at t^ 
neck of ihc sac or at the supierficial ririg. In that form w^hich perforates the conjoint 
tendon it may occur at die edges of tlwr Bssurc through which the jjut paases. In all 
cases of Inguinal hemia> whether direct or Dblit|ue^ it is proper to divide the 
Stricture directly upwnfds t hy cutting in this dircetjon the incisioir is made parallel 
to the iiifprieir epigosnic aciei^^ and aU chance of wounding the vessel is thus avoided. 

Famrai ketniu ,^—In femorfll he min the protTusiPn of the intefiTitic takes place 
thmugh the femoral ring. As already described (p. HiS), this ring is closed by the 
femoral septum, h partition of modihed cxlraperitoncal tissue l It is therefore a weak 
spot in the abtlorainnl wall, md especially in die femnJe, where the ring is larger, and 
where profound changes are produced in llic tissues of the abdomen by pregnancy. 
Femoral hernia is tbcicfojx more common in women tlian in men. 

When a p&rdon of the intestine is forced through the femoral ring, it carries before 
it a pouch of peritoneum which forms the herTiial sac. It rcCeivea an inveatmLmt from 
the extraperituneal tissue or femoral aeptum, and descends eilong the femoraJ canil 
as far aa the saphenous opening ; at this point it driangcs m course, being prtvented 
from extruding faithirr down the sheath on nccounl of the narrowing of the latter^ and 
its close contact with the vessels^ and also the cloM artachment of the superficial fascia 
and fmnoTid shejith to the lower part of the circumference of the mphenous opening, 
liie hemig fs conaequenily dirtcitd fonvardss puahmg before it the cribriform fascia, 
and then curves upwards over the inguinal ligament and the lower part of the apo- 
neurosii of the Obliquus exu^mus. While the hemia is contained in the femoral canal 
it h usually of small sIkc; owing to the rcsiBting nature of the suTrounding parts, but 
when it escapes from the saphenous opening into the loose areolar tissue af the groin 
it becomes considerably enlarged^ The direction taken by a femoral hemfi is at fir^t 
clowTiw'arda, then forwards and upwards ; In the application of tails for the reduction 
of a femoral hernia, therefore, pressure should be directed in the reverse order, and the 
thighs should be passively i^exed in order that the greatest degree of relaxation may be 
obtained. 

The coverings of a femoral hernia from within outw'nrds are t peritoneum, femoral 
septum^ femoral sheath, crihriform fascia, superficial fascia and fi.kLn. .Astley 
Cooper described on investment for femoral hemia under the name cf jas^ui propria^ 
lying immediately external to the peritcmral sac hut frequently aepaniicd from it by 
some adipose tissue. Surgically it is important to remember the frequent existence 
of this layer on account of the ease with which an inexperienced operator may miBtako 
the fascia for the peritoneal sac and the coutolned cxtraperitoneal fat for omentum, as 
there k often a great excesa of subperitoneal fatty tissue endosed in the " fascia 
propria'. In many cases il resembles a fatty tumour, but on furtlier dissection the 
true hcmial lac will be found io the eptre of the mass of fat. The fascia propria is 
merely n tnodified femoral septum which has been thickened to fotm a membranous 
sheet by the pressure of the hernia^ 

When the intestine descends along the fcttinriil cartal only as far ag the saphenous 
upening the condition is kiioWTi as lufowp/ere femoral herfiia. In contradistinction to 
[he c^mphtf hcKiifl, which h» passed through the opening, llic small siie of the 
protrusion in tlie incomplete form of hemia renders it an Exceedingly dMogeroiis %'ariety 
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of the di&cii$c* (tom the extreme difficulty of detecting the ejcwtenre of the swelling, 
c&pecliilJy in corpulent sabjecis. 

^rhe site of fttniugiilotion of p fcTBOTnl liemip vtirie^ ! it msy he at the ocdc of the 
tientEal aac ; tn the irnraler number of eases it is at the point of jujictioii of the falciform 
margin of the feiphenoua opening with the ftce edge of the pectineal pare of the infpjiiiiU 
ligainetit y or it may be at the mantin of the aaphenoua openlnff^ The stricture should 
in every case be dividtd iri a direction upwjirds and medially for a distance of about 
4 mto, to 6 turn. All vesscb Or otlser structures of importance in rtkiioa lo the neck 
of the eac will thus he avoided. 

The pubic tubercle forms sn iinportaiit Eandmark in serving to diflerentiate the 
inguind from the fcrnoral v-aricty of hernia^ The neck of the inguinal prottusion is 
above and medid to tbe tubercle^ while the neck of the fcmoml probnisJon is below 
and lacena] la it, 

Unikitktii AerMw.—Thrtc vorictie* occur. 

(a) Con^miai umhiikni htfitia .—I'his variety' is due to a failure of retraction of the 
umbilfcal loop of gut {p. 190). 

(fr) Infaniih umbiiMcal This is due to stteichJng of the scar tissue in the 

umbilicai region, It occurs usually within the first three years after birth ami is 
nssociaticd with conditions causing increased intra'shdomind pressure. 

(e) Aapartd umhiHcai hmtm .—This variety really cjccurs through the lioea alba, 
usually immediately above the umbiliciia (psra-umbilical hernia), and moat frequently 
occurs in obese mdtti parous females. 

Barely, hernia may occur at other sites, e.g. through the lumbar triangle (p. 613), 
the obturator forninen^ the greater or lesser aciatie foramen, or the ischiorectal fossa* 
Sometimes hernia may occur at the site of a scar following an abdomiiml CFperation 
^inciflional hernia), parcicularly if the wound becomes septic. 


The 

The pancreas 13 a sofu lohuJated* gixyish-ptnk gland extending nearly iranii- 
vctacly pctog^ the posterior abdominal wall, behind the stomach, from the dou- 
denum to the spleen. It is flattened imd cloagatcd, measuring from iz cm* to 15 
cm. long. Its broad, right extremity is called the and is cuntiected to the main 
ponic^n, or ^fv, by a slightly constricted n^ck; its narrow, left extremity forma 
ihc imL It pa^ obliquely to the left and slightly upwards, across the posterior 
wall of the abdomen, ai the back of the epigastric and left hypochondriac regions. 

Relations (figs. 1205 to 1207)-— Th^ head, flattened from before backwards^ 
k lodged within the curve of the duodenum. Its upper border is overlapped by the 
first pan of the duodeoum ; the other borders are grooved to receive die adjacent 
margin of the duodenum, which they overlap in front and behind to a variable 
extent. Sometimes a small pare of the head of the pancreas is actually embedded in 
the wall of the second part of the duodenum. From the lower and left part of the 
head there b a prolongation named the unetnait proem, which projects upwards and 
to the left behind the superior mesenteric vessels, lo or near the groove between 
the duodenum and the right lateral and lower borders of the head art the anasto^ 
mosing superior and inferior pancreaticoduodenal arteries fpp. 79S, 802). 

lurfitee .—From the upper part of the front of the head of the pancreas, 
the neck juts forwards, upwards and tow^ards the left, to be continued into die body 
of the pancreas. The boundary betwcco the head and neck^ cm the right side (and 
In front), is a groove for the gastroduodenal artery v on tbe left side (and behind) a 
deep notch intervenes between the head and the neck, and in it the superior mesen¬ 
teric and splenic veins unite to form the portal vein. Below and to the right of the 
neck the anterior surface of the head is in contact with the transverie caton, only 
areolar tissue intervening, while still lower the surface U covered with peritoncuni 
continuous with the inferior layer of die transverse mesocolon (fig. 1167), ;md is in 
contact with a coil of the JcjUfiumi The uncinate proew is crossed anteriorly by 
the superior me^ntcric vessels. 

Poiterior flir/uee,—The posterior aurfacc of the head of the pancreas is in relation 
With the inferior vena cava, which runs upwards behind it and covers nearly the 
whole of this aspect. In addition. It is related to the terminal pans of the renal veins 
and the right crus of the Diaphragm* 'Ilie uncinate proceaa passes in front of the 
aorta. The bile-duci lies cither in a groove on the upper and lateral part of the 
posterior surface of the head of the pancreas or in a canal in its substance 
(McConnell •). 

* y. .4ituir. /md Fhyiioi, 49, 286,1915, 
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merger itnpcrceptiblv into the body. Its anterior surface ts Cfn-ered with peritoneum 
anil supports the pylorus, a portion of the omenta] burea intervening; the gasttO' 
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The neck, about z cm. long, is confluent below and to the ri^t the 
anterior surface of the head ; it extends fonivards, upwards and to the left, and 


Fig. iiQy —The pftiicin^ Kiid 
/t W jArnift* 4. 


UlUvt-Ktii-Ui-k- 


iirp^ir 
i^crtal w£fi 
iPOHftiit 


iiigM taiiat 

<'K*o#Avrvp 


Rigk nrpinaTffinl 


Lffl pkwKtiit ri. 


ivprurtrMl 


KM 






'niE PANCREAS J453 

duod^al and the superior pancreatjcoduodciial erteries descend In front of 
gland at the right Side of the junction of the neck with the head ; its posterior 
surface id in relaljon with the superior mesenteric vein and the beginning of the 
porta] vein. 

The bodjr is somewhat prismoid in dhape, and has three surfaces: anterior^ 
posterior and inferior. 

The anim^ nw/afe is concave, and is directed forwards and upw'arda [ it is 
covered with peritoneum and is separated from the stomach by the omental bursa. 

The fwtmor surface is devoid of peritoneum* and is in contact with the aorta 
and the origin of the superior mesenteric arteryp the left cru5 of the DLaphragm, the 
left suprarenal gland and the left kidney and its vessels, particularly the left renal 
vein. Tt is intimately related to the splenic vein, which courses from left to fight 
and separates it from the structures merLtioned. The left kidney is also separated 
from the pancreraa by the perirenal fascia and fat. 

The inferior surface is narrow on the right but broader on the left, and is covered 
with peritoneum derived ftom the lower layer of the transverse mesocolon ; it lies 


Fiu, 1206.—The poncm KFid duodcnuyi, PcwiEiier lUrfsecT 
(From d mtHiel hy Hi».) 
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upon the duodenojejunal flexure and on some coils of the jejunum ; its left extrefnity 
rests on the left coHe flexure. 

The tuficrior border is blunt and fiat to die right; imirow and sharp to the left, 
near the tail. A process, termed the omeutal fut^osily, usually projects from the 
right end of die superior border above the level of the lesser curvature of the 
Etomneh^ and is in contact with the puattriar surface of the lesser omentum. It is 
in relation above with the coelinc artery, ftom which the hepatic artery cDorsca to 
the right just above the gland, while the splenic anery ruiB towards the left folW- 
ing a wavy course along this border. 

The anrerior border"9€panteA the anterior fmm the inferior surface* and along 
this border the two loyem of the transverse mesocolon diverge from each other; 
one pacing upwards over the anterior surface, the other buck wards over the inferior 
surface. 

The in/eficfT harder separates the posterior from the inkriof surface s the 
superior mesenteric vessels emerge under its right extretnity* ^ 

The tail ianarrow, and usually lies in contact with the inferior part of the gastric 
surface of the spleen. It h contained within the two lay era of the licnorcnal ligaftient 
together with the splenic vessels* to which it is closely related. 

The pancreatic duel traverses the pancreas from left to right, lying nearer its 
posterior than its anterior surfa^ (fig. It begins by the junction of the smiill 
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ducts of the lobules situated ui the tail of tbt pancreas, runmng from 
right through the body, receives the ducts of the various lobules tompMiiig the 
eland, the latter joming the main duct almost at right angles ( hemrig-bonc 
patternConsiderably auRTneutcd b size. It i^hes the neck of the panen^ 
and turning downwards, backwards, and to the light, comra mto relanon with^ c 
bUc-duct^ which Lies to its right side^ Together the two ducts pass obltqudy into 
the wall of the second part of the duodenum, and there unite lo fomi a atiort 
duct, named the h^paifi^inmatk eiifrptf//tf {or ampulla of the bde-doct) 

The consiricicd distal end uf this ampulla espens on the summit of the mdjor 
duodenal papilla, which is situated within this part of the duodenum at the junction 
of its medial and posterior w'alls, from R cm. to in cm* distal to the pylorus* jVs a 
rule the two ducts do not uniie until they approach ven- dose to the opening on 
Ihe major duodenal papilla. I'hc pancratic duet, near the duodcmiin, is shout 
the size of an ordinary quill. Sometimes the pancreatic duct and the bile-duen 
open separately into the duodenum. Frequently then: is an addiiional duct, which 


FlCn iao?.—DbMciion of pftncrcflj and duodtipiiiifi lo expose the pwictMtie duet 
and ihe acc™oiy psmcrcatic dutU find ibe coimtjdon between them. 
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receives ihc ducts from the lower part nf ihc head, and is know^ti as Ihc ucrmcrar 
f\i4fifreulic dtifi (fig. 1107). It runs tipiturds in front of the pancreatic duct, to 
which it h connected by a communicating duct, and opens into the duodcnuni 
about 2 cm* above and slightly ventral to tile major duodend papilla on a small 
rounded minor du:4T<lcnal papilla- line terminal part of the accessory duct nmy fail 
to expand and the secretion fram the louder part of ihc head of the pancr^ras is then 
dis'crted along the communicating duct into the fnain pancreatic duct* 

Sutfai^ Anatomy ,—Tlic head of the pancreas lies within the curve formed by the 
first, second and third parts of the duodmum, ^1ic neck lies in the trenspyloric 
plane, beSiind the pylorus. The body passes obliquely to the left and upwards for 
mbout zo cm., its left part lying a bttle above the trBLnspylorie plane. The tail Lies a 
little al^ve and to the kit of the intersection of the tmnspykiric and Itfc kteml planes. 

Structure ffig. lao^h—lo et^ejure, the pancreas rescttibles die salivary glanda. 
Zt differs from them, however, in certain particulkm, imd is looKr and softer in its 
laxtuie* It II not enclosed m a distinci but is surrounded by ateolar tissue^ 

which dip* into its Inttrior, and connects together the varioui lobules of wMcb it is 
composed. Each lohuk, like the lobules uf iIm salis'aiy glands, consists nf one of ttic 
ultimate rimilications nf the main duet, ending in a number of mlveoLlt which ire 
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tubylar wncl winewhot con%'olutjnl. Th^ minute ducTS (intcncalary ducts) connected 
with the lUi eoli are narmw lined with flancncd cclU* Where the duciti lead into 
the aLveoli> their walls are lined with cubical celk which do not Stain so deeply as 
the setTfenriE ceils of the ahcnli; they ire known as the wuhTj^riMor rrWj. llic ime 
secreting cclb, which line the wall of the alvcoltis^ are columnar in shape and present 
two itonca \ mn outcr,r clear and faintly striated, ncit the hascmctit-inembrane^ and an 
inner, which contaim secretoiy granules (tiypshiogen)* In iLardencd apctiintna the 
outer ^ne atains deeply with basic: dyes^ whereas the inner Konr stains alighdy. During 
activity' diff granular aonc gradually diminished in aiac j during the reating siages it 
gradually increases until it fotma tiearly three-fourths of the cell. Beitt^etn the alveoli 
coliLCtiona of cells are found which are iminged as ss^cyriiim-lilcc aggregatiofts and 
which arc tcrnicd mieralve<ilar or iaiandi of Langerhans s they are rather 

more numerous in tlic tail of the pancreas than elsewhere^ The cells of these stain 
lightly with hytmatoitylin or carmine, and are more or Jess polyhedral in shape, 
forming a netu'ork in which many capillaries ramify, llicre ate two msin types of 
cell in tlie ialcla, distinguished as A-celli and B-ce|ls according to the special staining 
reactjoiis of the granules they contain. ^\’hcn stained irith Mailory-azan, the gnmuJea 
in the A-cclk etain brilliant rad, while th?K&e in the B-ceJk stain brown-orange. A 
few' cells {the D-cells) ore scattered in die islets whose granule^ Stain blue ; it is not 


Fio. ijoft-—Sectioa of a ponlon of a panereatic lebuk. Stained with harniatoiylin 
and eosin, ^ S 300. (Drawn from a preparation kindly lent 10 the Editors by 
Dr E. E. Hewer,) 
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Imown whether these are a separate type of cell or are a AtaSP= ^ the development of 
the A or B cells, 'Phere k some evidence * of O'chcal changes in the iskts of the 
pancreas (of the rat) suggesting a transfrKrtiiatjon of alpfoW eclU inio Large B-celk; 
the latter becomijig reduced in sire and displaced tow ards the centre of the islcta as 
they become renescent. The ceU-kkfa produce insulin, the internaJ aecretion of the 
pancreas which is necessary for carbohydrate metabolism. The B-cella undcrao 
alteration in diftbetes mellitus. 

The wall of the pancreatic duct is thin, consisting of two coats, an extemaj fibioua 
and an internal mucous ; the latter is smooch, and lined with coluttmat cpithelttim 
among which gohlet-eclls are interapcratiJ. 

Vcwla and Nervefl.—The ortefwj of tfte pajrcreaj arc derived Frum ihc splimic 
ortETy. and from the pancreaticoduodenaJ branches of ihe Licpatic and superior 
mesenteric iirreries (pp. 70® *»»d 70^), lis minf open Into ihe portal, splenic nnd 
superior mrtenlerii: veins. Its vessrh are described on p^ SoO' (w luTrtfj, 

derived from the vagus and splanchnic riervea* reach it through the splenic plexus. 
Seeretoty' activity of the pancru«a h birgely under hurmunAl control. 

* H. iiu«Haii7. ."iFrrjL, 8i, 1047, 
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Applied Anctismy. — Cy%ts cf the pancreas may sitain a lar^c lizc, and cause ayinp- 
tom* by pressing on the stomach, DiaphTaum or bileThey generally pu^ their 
way forwards between tiie sloma^i and transverse i:olDn, and may dien be felt in the 
upper part of the abdomen bs a definite tumDur in. the median plane. The tumour ia 
^ed Etnd does tioi move with tospEiatlon. The pancreas h often the seat of canrer ; 
thus usually aifccts the head, and therefore s|>ecdiLy involves the bile-duct, leading to 
penfiB^lcnt jouadice ; or it may press upon [lie portal veiii^ causing asejles. Or in%'oLve 
[he stomach, causing pyloric obstrucrion. 'Hre aeoimd part of the duodenum is 
occq^ionaily encircled hy the head of rhe pancreas (annular pancreas), and should the 
latter llten be the seat of malignant disease or chrunic inhanimaiion it tmiy cause 
obstruetion of the duodenum. Similarly, if the common hilcnduet lies in a canal in 
the head of the pancreas (p. 1451), chronic inflummatory disease of the pqncrea-? may 
obstruct the duct and pnHlucc JaunLlicc. Accessory noduliis of pancrcaiic tissue may 
sometimes be present in the waO of the duodenum (mosr Locmnonly)^ the jejunum, 
the ileum DT the ileal divorticultini (p. 14^7), ^rhrjtfie in the duodenum may \yc asso^ 
ciaied with ihc occasional presence of duodenal diverticula. l%ese take the form of 
small pmtrusiona which involve all the coats of the duodenum^ or only ihe mucouR 
and submucotis coats, and they are usually situated on the wall of the ducKienum 
adjacent in the paoercHs and in close relation to the tipening of the bile duct. 

The Liver (J-Iefar) (figs. 1209 to 1211) 

The livWp tlic Largest gland in the bodyv is situated in the upper and right parts 
of the abdomirml cavity, occupying almost the whole of the right liypochondrium, 
the greater part of the epigastrium, and not uncommonly extending into the left 
hypochondriiim as far as tlic left lateral line. In the male it weighs from t -4 to i -6 
kilogm., in the female from i-z to 1-4 kilogtn. It ia relatively much larger in the 
foetus than in the adult, consritutingt in the fomner, about one-eighteenth, and in ihc 
latter, about one-thirty-sixth of the entire body-weight. Its greatest transverse 
meiisurcmErnt Is from 15 cm. to 20 cmi. \''crticailyt near its right aurhice, it mcastircs 
from 15 cm. to 17 cm,, w hile its grratc&t onrerDposcerior diameter is on a level with 
the upper end of the right kidney^ and is from 12 cni^ to 15 am. * oppoaite the verte¬ 
bral column this diameter ia rttluced to about 7 cm. It is reddish-orowi) in colour 
and, although fim and pliant to the touch, it is friable and easily Lacerated. For thta 
reason w'ounds of the liver must not Ire too tightly smurrd. Owing to its great 
vaacularity, wounds of the liver cause considerable hscmoirliage. In spite of its 
relatively great weiglil, the Uver^ like the other abdominal organs, is maintained in 
its position^ not by ita peritnneal folds (p, 1458) or connective tisaue attachments, 
but by the general Intra-abdominal p^e^surc due to the tuntrs of ihc abdominal 
muscles. Continuity' of the hcpatle veins wit h t he in Peri or ven a cava also constitutes 
a support. 

When the liver has been hardened in situ it presents the appearance of a w edge,, 
the base of which Is directed to the right and the edge lo the left. Symingtan 
described its shape os that * of a righl-anglcd triangular prism with the right angles 
rounded off ^ 

I'hc liver possesses five surPaces, which will be described later, viz, superior, 
inferior, anterior* posterior, and right. 

Borders.—The superior* anterior, and right surfaces are united by rounded 
borders, but a sharp margin, lermid the inf irm (fig, 1 lyg), separales the right 

lateral and anterior surfacoi from t he itifcrior or visceral surface, Somewhat rounded 
where jc intervenes beivveen the right LatcraJ and inferior surfaces, it is thin and 
sliarp where it Purnis the lower margin of the anterior surface and is marked hv a 
notchri fermed the muh of th^ t^rts, in or just to the right of tin: median 

plane. Lateral to the fundus of the gaH-hIaddcr> wduch often corresponds to a 
second notch placed 4 to 5 cm. to the right of the median plane, this border generally 
corresponds with the costal margin, 'To the kft of the fuiidiis of the gall-bladder* 
it ascends less obliquely than the right coatal margin and^ crossing the infrastcrnil 
angle, passes behind the left costal margin in the neJghlx>urhaod of the tip of the 
eighth costal cartilage, '[’hereafter it ascends sharply and itictgcs with the thin left 
margin of the left lobe* Aa it cro^^ses the infraatomal angle the inferior border is 
closely fclflied to the Jeep surPace of the antcriar abdominjl wall and h readily 
accessible to cxamiiiation in the Jiving subject hy perctmioa, though normally it is 
not palpable ; in the median plane the inferior burder of the liver lic^s on the tnina- 
pvloric plane, about a tiand's bn^adth tielow the xiphr-stemal joint (p, 15^), U 
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should be noted that in women and children this bonier usuoUy Lies at a slightly 
lower Icvch i-fi. it tends to project doimwards for a short distance below the right 
costal margin^ 

Lobes.— The liver is divided^ very imperfeedy, into a large right and a much 
smaller left lobe (w a/jo p. 1462). On the anterior and superior surraces the two 
lobes meet along the line of attachment of a sickle-shaped fold of peritoneum vvhiidi 
passes to the liver from the ajitcrior abdotnina] wall and the under surface of the 
Diaphragm and is icrmcd the falcifortn ligament (p^ 1458)^ Dn the posterior and 
inferior surfaces the separation is more obvious and is etfesetod by x-wo tissurcs which 
meet end to end at the left extremit)' of the porta hepatis ; they are termed the hsisure 
for the ligamcntum vciiostim and the fissure for tlic ligamentum texts. The Jksur^ 
for the ligamentum rtfmum is a deep cleft, lined with penlancumt which descends 
on the posterior surface^ nearer to its left than to its right limit. The fissurt far ihr 
hfamrrfiurn lerw, which is usually shnliDWj runs upwards and backwards on t^e 
inferior surface and extends from the inferior border of the liver to the left extremitj' 
of the pijittt hepatis* 


Fig« jao9.-^The toperior, jmterinr^ and risht LatcraJ bUrfjicH of die li^'eT. 
^Frem rnnodcl by Ilia,) 

GaU-hUidtUr 
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*rhc te/t lobe is thin, flattened from above dowTiwarda and only about one-skth 
of the siac of the w^holc organ. It presents anterior, suMrior, posterior and inferior 
surfaces, which arc described ivith die surfaces of the liver (p, 1459). 

The right lobe, which is somew hat cuboidat in form, conadtuies the rcmiiining 
five-Bisths of the organ. It ccratrihutes to all of the surfaces of the liver* w ith whkh 
its surfaces will be described (p. 1459)^ The portion of the right lobe which adjoins 
die left lobe on the inferior and posterior surfaces is further subdivided into two 
smaller lobes, termed the quadrate and caudatE lobes. 

The quadrate lobt is placed on the inferior sur^ce, and La somew hat Ptctangular 
in outline. It is bounded in frofit by die inferior border of the liver; on the left by 
the fifisure for the ligamentum teres ; behind by the porta hepatis : and on the right 
by a shoIJowr fossa which lodges the gall-bladder. 

^Fhe caudate fo&r Is situat^ on the posterior surface. It is bounded on the left 
by the fiasurc for the ligamentum venosum! below by the porta hepatis: and on 
the right by the deep groove which lodges the upper portion of tlw inferior vena 
cava* Above, it is continuous with the auperiur surface to the right of the upper 
end of the fissure for the ligamentum vcn&sum. Below and to the right the csudaie 
lobe is connected to the rest of the ripht lobe by a narrow^ tongue of liver substance, 
termed the caudate procets, which lies inunediatdy behind the porta hepatis and 
forms the roof of the epiploic foramen. Below and to the left the caudate lobe 
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presents a Mjnnli rounded projection, which is termed tlie paptllaiy proati. In 
afldiiiDJi, owing to the depth of the fiesure for the ligamemuin venosum, the caudate 
lobe posseascis a peritoneal-covercd anterior surface, which forms the posterior wnll 
nf the fisfflire and is in contact with the hepatic pan of the lesser omentum. 

The relations of ihc quadrate and caudate lobes tvill be described with the sur¬ 
faces of the liver (pp. 1459 to r46i). 

Peritoneal cofinexJoiiB of the liver.—With the exception of an cxicnsivc^ 
triangular area on the posterior surface oftlic right lobe, tlie liver is al most completely 
inve$.ted with peritoneum, it is connected to the stomach and duf>denmn, to the 
i.)iAphragm and to the anterior abdominal wall by a number of peritoneal folds^ and 
the lines along which they meet the or^an are also ncecssarily devoid of a periconeal 
covering, '^rheae folds include the falciform ligament, the right and left triangular 
ligaments^ the coronary ligament and the lesser omentum. 

'rhe/a£cj/orrn ligitment (fig. 1162) is a skkie-shaped fold, oonsiating of two closely 
applied layers of pcritoneutn, which connects the liver to the Diaphragm and the 
anterior abdominal ivalL Ita convex margin Is fixed to the inferior suiface of the 
Diaphragm and to the posterior surface of the anterior abdonnnal ivalh extending 
downsrards to the umbilicus ; as this attachment ascends from the umbilkus it 
passes slightly to the right of the median plane. The concave nmrgin of the 
falciform ligament is attached to ihe notch for the ligamcntum feres on tlie inferior 
border of the liver and to its anterior and superior surJaces. Its base or free edge, 
which extends from the umbilfcus to the notch for the ligamentum teres, contains 
the ligamcntum teres suid tlie sniall para-umbilical vcins^ and lies in front of the 
pyloric portion of the stomach. At tts upper end the two layers of the fdoform 
ligament sepamte frorn eads other and exptJK a small triangular area on the superior 
suTfeLCe of the liver which is devoid of peritoneum. The left layer bcctimcs con¬ 
tinuous with the anterior layer of the left triaDgubr ligament : the right with tlic 
upper layer of the coronary ligament r 

*rhc £oroniiry ligament {fig, 1210) is formed by the redection of the peritoneum 
from the Diaphr^^gm to the superior and posterior surfaces of the right lobe. It 
consists of an upper imd a lower layer, oontmuous at their right extremities with the 
right triangular ligament of the lii er but diverging w iddy to the left so as to enclose 
a large triangular area of the right lobe which is imoovered with peritoneum and is 
termed the * bare arts '* The upper layer is continuous with the right layer of the 
falciform ligament^ skirts the upper end of the groove far the inferior vena cava 
anteriorly and then gradually descends frtim the posterior part of the upper surface 
10 the upper of the posterior surface, lliere it is coniinuous with ihe anterior 
layer of the right triangular lignment. 'The lower layer is continuous with tlie 
posterior layer of ihc right triangular ligament and passes almrjst hnrb«)ntaUy along 
the lower limit of the posterior autfacc of the right lobe. In this situaiion the 
peritoneum may be refiected on to the upper part of the anterior surface of the right 
kidney (hepatorenal ligament) instead of on to the Diaphragm beyond the margin 
of that organ. At ita left extremity the lower layer of the coronary' ligamcni passes 
In front of the lower end of the groove for the inferior vena tiva and becomes 
continuous with the line of peritoneal reHexion from the right border of the caudate 
luhe, i.c. the right margin of the uppwr recess of the funeiUsil bursa. 

The left triangntar h'gamenf of the liver passes from die upper surface of the left 
lobe upwards and backtvards to the under surface of the Diaphragm. It consists of 
two closely applied layutsof peritoneum which become continuous with each other 
wdicn traced to the left, where the ligament ends in a free margin. Traced to tlie 
right the anterior layer becomes continuous udth the left layer of the falciform liga¬ 
ment, and the posterior layer with the anterior layer of the lesser omentum at the 
upper end of the fissure for the ligamcntum vtnosum. li is placed in front of the 
abdominal part of tJic txsophogus, i!ic upper end of the lesser omentum and part of 
The fundus of the stomach. 

*liie Tight triangular fig&mrrrt is a short V-shaped fold which connects the lateral 
part of the poslerior aspect of ihc righi bbc to the Diaphragm, 'fhe apex of the V 
forms .1 free right, or lower, margin for the ligament, arouncl which its two layers 
become continuous ivitli each other. 'Fhe ligament really consdtutca the right limit 
of the oomnary ligament. 

The terser fmentuTn has already been dc^ribed (p. i^) in detail It will be 
Buffident to add that at the upper end of the fissure for the ligamcntum venosumi its 
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anterior lavcr bccoinca contmuDiis ividi ihe posterior layer of the left trianj^lar 
ligament, and its posterior layer with the line of reflexion of tht peritoneum from ihe 
upper end of the right tmrder of the caudate lobe and so, indirccUVp with the lower 
layer of tlic coronary ligament (fig, J 2 io)k 

Surfaces—The'fW/>mof surface of the liver (fig. J209) mclude* portions of 
right and left lobes. It fits under the vault of the Diaphragm, and js covered with 
peritoneum, except over a small triangular area where the two layers of liic upper 
part of the faldfom ligament diverge. Its right and left portions arc convex, but 
its cent ml part presents a shallow curdiac (mprentufti which corresponds with the 
position of the heart on the upper surface of the Diaphragm, tt is related to the 
diaphragmatic pleura of the right side and the base of the right lung, to the peri¬ 
cardium and ventricular part of the heart, and| to a much tmaUct extent* to the 
diaphragmatic pleura of the left side and the of the left lung. 

The antcTiQT surface, W'hich ii triangular in shape, abo comprises portion^ of both 
right and left lobesp and is covered wirii peritoneum except at the line of attachment 
of the falciform ligament, A large part of this surface is in contact with tlic Dia¬ 
phragm, wdiich separates it, on the right side, from the pleura and the sixth to the 
tenth ribs and their cartilages andp on the left side^ from the seventh and eighth costal 
cartilages. The thin anterior maigin of die base of die lung is related lo the upper 
part of this surface^ but the relationship b much more estensive on rise right than it 
is on the left side. The median part of the anterior :^rfa« of the Uver lies behind 
the xiphoid process of the sternum and the anterior abdominal wall in the infracostal 
angle. 

The anterior surface may be marked out on the anterior aspect of the trunji as 
follon-s (iig. 119S) 1 its upper border corresponds to a tine draw n through, or a little 
below, the xiphiatemal jriint and ascending to the fight to a p(}int a liute btinw the 
right nipple, and ascending less siiarply to the left to a point a little below and 
medial to the left nipple; its right border corresponds to a curved line, comxx 
to the righ t, drawn from the right end of the upper border to a point i cm. below 
the right oosial fiiargin at the tip of the tenth costal cartitage; its lower border is 
drawn by joining the ends of the upper and right borders, this line crossing the median 
plane al the level of the trajispyloric plane and sliowing a slight ooneavi^ opposite 
the right linea scnulunaris. The area on the anterior aspect of the trunk which is 
bounded on the right by the left part of the lower margin of the liver, above by 
the left lung, on the left by the spleen and below' by the left costal margin, is called 
: it overlies the stomach. 

The right sar/att is convex from before backwards, and slightly so from above 
down wards. It is covered with peritoneum and is related to the right portion of the 
Diaphragm, which separates it from the right lung and pleura, and the right costal 
arches from tlic seventh to the eleventh inclusive. t>vcf its upper third both lung 
and pleura intervene between tbe Diaphtapn and the costal arches; over its middle 
third only the costodiaphraginsiic recess of the pleura is interposed ; over its lower 
third tbe Diaphragm is in actual contact with the costal arches. 

The poslfrior sutjace includes portions of Imth right and left lobes; it is diick 
and convw on the right, but thin on the left. deep concavity marks its median 
portion and corresponds witli the forward convexity' formed by the vertebral 
column (fig. 1209). A laigc part of this surface of the right lobe is devoid of 
peritoneal CTvcridg and is attached to the Diaphragm by areolar tissue. This non* 
peritoneal surface constitutes the * bane area ‘ of the liver. It U triangular m outline 
and is limited above and below by the superior and inferior layers of the coronary 
ligament. Its base is formed by the deep gnwvc for the inferior vena Mva, while its 
apex, directed downwards and laterally, corresponds ivith the right triangular liga¬ 
ment. The groow /or the infertor vena tava is a deep depression, occasionally a 
complete tunnel, on the posterior surface of die liver and is dewid of peritone^ 
covering. It lodges the upper part of the vessel and tte floor »s pierced by tlie hepatic 
veins (p, 871), At its lower end the groove is separated from the porta hepatis m 
front by the caudate process. Immediately lateral to the low'er end of tlw groove 
the ' bare area' presents a sommvhat triangular impression on the formalm- 
bardened liver, which lodges the upper part of the right supratrnal gland and is 
thciefore termed the atprurenal impreniw^ On the left side of the groove for the 
inferior vena cava die caudate lobe occupies the rest of the posterior surftce of the 
right loi'e It lies in the upper recess of the omcnial bursa, and is usually destnhed 
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ds fortnidg iT£ antenor VkhII. This dcscdptian tityi quite accurate, because ihe 
pcritoncuTii cov'cring its {>osttnfir aspect la continued round Its left border on to iB 
anterior aspect, which forms the posterior wall of the Resiire for the ligamentum 
vcnosuin (fig, 1210)+ The caudate lobe should therefore be regarded m projecting 
into the upper recess of the omencal bursa from Its right border* The posterior 
surface of the caudate kbe is related to the crura of the Diaphragin above the aortic 
opening and to the right phrenic arter^', and la aepamted by them from the descend¬ 
ing thoracic aorta, 'llie papiUnry procai often pTojc^cta downwards in front of the 
origin of the ca^liac artccyi, 

't*he lipa of the juruiv far the Iigamentam vefsosam Bcpsratc the posterior aspect of 
the caudate from the pio^crior aspect of the left lobe. The fissure itself cuts deeply 
into the liver tn frunt of the eaudstc lobe and eotitains the two hiyeis of the lesser 
omcntiijn. At its Icnvcr end It curves laterally below, or in front of, the papiLInry 
process, and reaches the left extremity of the porta hepatii. The iigmnenttim 
venmm, which is the fibrous remnant of the ducttia venosus {p. 175), is attached 
below to the upper border of the left branch of the portal vein- It ascends in the 



Fig, laiP.—The Uv^r riewed from behind, fhowina ihe peritoneal connexions divided 
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floor of the fissure and passes laterally at the upper end of the caudate lobe to join 
the left hepatic vdn near its point ct entry Into the inferior vena oav^, or sometimes 
the vena cava itself. 

The posterior aspect of the left lobe is marked by a sballoiv notch near the upper 
end of the fissure for the ligameutum venosum* It ia occupied by the abdominal 
pordon of the irsopbagus and ia termed the a 3 ^ka^e<$i wrnj^emm. To the left of 
this impression the left lobe is related to a part of the fundus of the stomachs 

The i»/fribr or viueral surface Ia dirceted downwards, backwards and to the left, 
and* in the formalin-hardened orpn, bears the Imprints of the neighbouring viscera^ 
It is invistcd with periioneum except at the porta bepatis, the fis^m for the 
hgarnentum teres and the fossa for the gall’-bladder. On the inferior surface of the 
left lobe, in direct continuity with the msophageal impression, the gastric impression 
is moulded over the stomai^. On the right of this impression there is a rounded 
ridge, the lower part of whidi is sometlmea prominent and is termed the omental 
iul^osity* This ridge occupies the concavity of the lesser curvature of the stomach 
and is in contact with tlie lesser omentum. *rhe fissure for the figumentum tere 4 h a 
deft of vTiriable depth which parses upwards and backwards from the corresponding 
notch on the inferior border of the \ivzt 10 the left end of the porta hepatis where it 
meets the lower end of the fissure for tlw llgamcntum venoaum. It forms the left 
hoimdary of the quadrate lobe and may be, partially or completely, bridged over by 
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» band of liver snbetmce. Its Root !od^ the ligimirntum of the which is 
the oblitci^itcd remams of the left umbilical vein in the fcctufi (p. 725). ComiiMficmg 
at the umbilicus it ascends in the free mai^ of the falciform Jigament to the inferior 
border of the liver, traverses the fissure and ends by joining tlic left branch of the 
portal vein at the left extremity of the parta hepatis opposite die attachment of the 
itgamenturn venoaum* 

The gastric impression may be continued on to the anterior part of the quadrate 
Iob3^ which is hollowed out and moulded over the pyloric part of the stomach and the 
beginning of the duodenum^ when these organs are dLlated. The posterior^ or upper^ 
part of the ciuadrate lobe is in contact with the right free border of the lesser 
omentum and its contained structures. When the stomach is empty the quadrate 
lobe i$ related to the first part of the duodenum and a portion of the transverse 
colon* 

The porta hepaHs ia placed on the inferior surface of the liver benvCTn the 
quadrate lobe in front and the caudate prooesa behind, ft is a deep fissure which runs 
transversely between the upper ends of the fissure for the ligamentum teres and the 


Fig, III t.—J'be ipfeiior isuHk* of the livet. (Fmm n nincSel bjf His.) 





fossa for the gall-bbidder. Thraugh iht porta l«patia the por^ vein, the hepatic 
artery and the hepatic plesus of nerves enter the ]iveT,^d the right and left 
and the cystic ducts and some lymph vessels em^t. The hepa^c ducts are situate 
anteriorlv, the portal vein and its right and left branches postcriony and the hepatic 
artery and its right and left branches are intermediate in posmon. , . . 

't’hcfrtJfiAi/f prewjr connects the lower and latera! part of the caudate lobe to the 
remainder of the right lobe. It U placed behind the porta he^tis and in front of the 
inferior vena cava, and is covered with peritoiieiim. It forma the roof of the 

fossa for the saU-hUsdder forms the right boundan' of the quadrate Jobe and 
esiends from the inferior border of the liver to the right wtnmity* of the norta 
hepatis. It is usually shallow wd devoid of peritoneal covering, but the breadth of 

this bare area is subject to individual variation, . , ■ t,. i u- 

To the right of the fossa for the gaU-bladder, the mfenor surface of the rtght lobe 
is marked by three impressions, viz, colic, renal and duodenal. The «ftc 
Is related to the right colic dexure and is placed on the anterior part of the area, 
immediately adjoining the inferior border of the hv-er. The rmd tmpresstaa is 
usually wcU marked ; it is situated behind the wlic impression and ^ separuted 
from L neck and the adjoining part of the gall-bladder by the duodenal irnpt^mm 
It in related to the upper part of the anterior surface of the right l^dney, ai^ in its 
superomedial part to the lower pole of the right suprarciul gland. W hen the lower 
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layer of the comniry ligament reflected ft^m the liver on tn the right kidney, the 
ren^ Impression extends for a short distance on to the lower part of the " bare area ^ 
'Fhe duodnul impraticn lies to the lateral side of the neck and adjoin bg part of the 
gall-bladder, and is related to the termination of the first part and the oommence- 
menE of the second pan of the duodenum. 

The relations of the liver ahow^ considerable variation, for which posture and the 
Enovements of respiration are only partly responsible. Thos^ hem 

enttmfraUd rtfer to fke body m the jupme recumhmt pcisition. 

The two lobes of the fiver described ibfjve represent the conventional division 
of the liver into right and left' anatomical ^ lobes. ldowevcr+ the liver can also be 
divided into two ^ physiokigical' lobes by an oblique plane which passes upw'ards 
and alightly to the left from the middle of the caudate lobe and the fossji for the 
gaU-bbdder on the visceral surface. These two lobes arc supplied ncspcciivcly by 
the right and left branches of the portal vein and the hepatic artery and their bile 
drains into the right and left hepatic ducts. 

^rhe branches of the portal vein and the tributaries of the hepatic veins arc more 
numemua hefore birtJi ; after birth a reduction in their number takes place by 
fusion of vessels or by degcncnution. After the fourth monib of fortal life the ductm 
venoaos i& a relatively small vessel arising at a sharp angle from the (left) umbilical 
vdHt so that in later foetal life it would appear that most of the bli>od from the 
placenta must pass through the bver, httlc by-j>.Tss!Tig the liver by mean a of the 
ductus venosus. In a few^ fceiuses the ductua yenoau 3 remains large, and in these 

Ftc. laia .—A dUngTuniinatie illkistratiQo tlie ^iructuint of iht [ivrr Hsdsed on 
Hr {fJliifr tO^Jp vol- jo). 


inJkjalTid Cdf%fid Irlrhm^li tvTilW it^rnt rtin ftniiuif fitfjtilfinlill 
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cases the right (physiologic^) lo!^ of the liver may degenerate. In the foittis the 
portal vein joins tlie umbilici vein in a SfrirOOth curv e to the right; this direction 
is maintained after birth and ilierc ia b sharp angle between the tnmk of the p<jrtiil 
vein aj^d its left branchy so that the left (physiological) lobe of the liver wmild appenr 
to be at a circulatun' disadvaniage and not able to keep pace with the growth of 
the right lobe. .At the left end of the left lolic in the adult there is sometimes a 
fibrous band (the fitrous uppendlx of the tiver), which represents the atrophied 
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remains of the more estensivc left lobe in ilie young child; it coniajns atrophied 
remnants of bilcKlucls. fenowti as the ^usa aberrantia of the liver* Similar remnants 
may he present in the edges of the left lobe and near the inferior vena cava. Oeoi- 
sio^ltv the lower border of the right lobe, a little to the right of the gall-bladder, 
may project downcrards for d considerable distanec as a broad longue-ltlce process 
(Riedel's lobe). 

Vessels and Nerves.—The veuds connected with the liver ore the portal vein, 
end the hepatic onerv and I'vins. 

The peria/ vein and h^palur arttry, aceompameJ by numeiotis iM!n.-w. oscerid 
betu-een the layert of the lesser omentum to the pom hepatta, where coch divide 
into two hmnehes ; the ti 7 c-«fucf and lymph vessels descend frotn At porta hepatis 
between the Isiyirni of the Esme omeotuinr They are all cnvieJoped In a laose areolar 
rermt’d tW (or hepmo^bitiary cap&ulc of GliwonJ* 

whkii secofnpanies the tn theit course through the p<:niLiil ciuiaEs in tho interior 

of the liver and is etmtinuous with the Rbrous capsule of the liver. 

The kepatie veim (fig. laia) txinvcy the blood from the liver to the inferior rena 
ova, and arc described on p. 873. They have wry link fibrous invcstmenT, but what 
there IS binds them closely to the walls of the canals through which they run ; so that, 
OP ^tlon of the liver, ilifiv nerrmiP widely open unci arc sojitfiry, and Pfluy be ciiAily 
diatinguiBhed ftnm the branch^ of the porm; vein, whldi are more or lew collapsed, 
and accompanied by an artery and duct, 

Tlie lymph ve&tli of the liver are on p, ^oo* 

Ftu, HIT.—A tecdon tjmjugh 8 hepatic tobulrr Human- Stained with 
hmnaioJLyltia and cosiri, X ^ 7 *- (Affer Soboua,) 





t^Ofird caFiar. 


C^Tiinid dHi'ni 
f}f hhtdt 






The nrrt'e^ of the liver are derived from tlic hepatic plexus {p> contain 

both sympathetic and parasympathetic (vagal) ftbra. ITicy enter the 

pnrta hepntis and for the main pa« acc<jmpany the blood vt«i«la and bile ducts , 

wry few nin amongst tite liver cells and the mode of tctminatton of these is not 

thfT (fig. 'ITic greater part of the Iwer is invested with 

peritoneum, which covers a thin capsule of conit^iw ti«Ue, T he liver comisw of a 
wry large number of polyhedral Aepeinr labt^e* (which often appear to be hexagonal 
in hiaSlofiical seettons). each being about i mtn. in dieter imd having a 
erntrui t'2, (a tributary of the hepatic wins) as its central axis and sw^onded at its 
X^by portat umati (fig. «t3). Fuich portal catud contomB a branch of the portal 

■ For a detailed review of the Eiruciure nf the Ih^, consult Hans Elios, Lfrer M«rplttJagy, 
in Bwtogkal Rtrina, 1955. 3 fh *A 3 '' 3 n>- 
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Vpifl. H branch of the hepatic nrtety and an interlobular bile dnetute, all these st^ctures 
(■ the portal Triwtl being surrounded fay a cotioeetivc tsfiijue sheath, the pem-iirctJnr 
jihroia £<ipiuU^ In the odult pig, ciicb liepadc lobule is sharply n^arke<l off from 
neighbouring lobulefi by connective tissue septa* but in this respect the pig^s liver is 
atypical, ihc bbrous septa being patholcglcal and pmJueed by a portal eirrhosis. In 
man (and rrw$t mnmmala) the hepatic lobules are not separated by auch septa. A 
* portal lobule \ on the other hamh eonaista of the adjoining parbt of three hepatic 
lobules, the bile from which drains into a bile duetulc lu tbt portal canal at the meeting 
place of the three htipatic lobules ; in h istoLogical sections a' portal lobule *, trSartgular 
in ahape, may be visualised by lines joining the cent™! t'eins cf three adjacent hepatic 
iobule^i- Neither the hepatic nor the ponoJ lobules are to he conaidei:ed aa fbeed 
anatoinJeai entities v under nanmal conditions the * hepatic lobular structure * is evi¬ 
dent, but this can be changed to a * portal lobular structure ^ by altcnition in the 
Telflti%c blood-pn.'s,'iu re in the portal and hepatic vcim (c.g* by taising the hepatic 
venous pressure or lowering the portal pressutt:), the ctiacige being reversible. Such 
idlcraiions in the ^'cnoua pressure gradients are prodMCcd by various pathological 
conditions. 

A Ikir fiU is polybedral in shape, having | to t^: sides, and is from % to 25^* 
in diarncter4 It lias one or two ^heiicol nuclei and its cytoplasm contains iinc 
basopluJ granules aod variable amounrs of glycogen granules and fat dniplets. 

It has been customary'm comider the hepatic lobule as cunjfisting of * cords ^ of 
liver Cells radiating frrjan a central vein, each ^ cord * consisting of two row* of liver 
cells with a bile Lapillary between ihcni^ and nidiatmg venous sinusoids lying bemt^n 
adjacent ' cords ' in such a way that the bile trnpillary is separated from the jtinusolds 
by the thickness of a liver cell. Recent snuUrt* however, indicate that the liver cells 
srt really amtngcd as plates or sheets {fi£p<itk cril fhkk^ which foirn a 

continuous system throughout the liver (fig. 1312). These liimiiiie form a ' woll- 
work * or * muraliuiii * and arc tircguLarly niranged, with intcrkniinar hridgea of liver 
cells connecting adjacent Imriina:, Between the laminx lie spaces lunin£t) 

whicli conlain the venous sinusoids, nnd the Lsmins are perforated to allow the 
p»^3gc of ^lastomoses between the sinusoids. Where the liver cells adjoin poml 
ctinflJs or hepatic vein mbutaries, they form a Jihret, ealJed a Umifiug pfote, w'hich 
sumninds the vessels and is perfursted by radicles of these v'cssels as we El as by 
branches of the ht:patic artery and bile ductule? \ a similar limiting platc» consisting 
of H single layer of liver cells, lies iH-neath tlie capsule of the Liver^ 

In hisLulogiail sections of the liver (fig. i 3 f 3)h the rows of liver cells seen radiEiting 
from the ccntml vein to the periphery of the hepatic lobuk really represent sections 
through the lu^patic lamiruc. 'rhesc rows of cells, with ir^tervening sinu^ids, do not 
pass regularly and straight like tin: vpokes of m wheel to the periphery' of the lohulc, 
but pursue irregular coui*e?^ because ihe hepatic laminae ihemscH'ca arc irregular 
and briuichcd. Some of the rows of cells (and sinusoids) pass at tine periphery of tliic 
lobule between adjacent pcjrml canak, while others pursue very indinect courses 
l^tween the central vein and the rM>rtal canals. 

The intralobular venoui sinusoids arc wider than btLx>d capillaries and are lined 
by endothelial cells which ire all potentially phagocytEC and kno^vn as the siellatc cclirt 
of KltpfFef. Thv radicles of the portal vein contained In the ponal canals give off 
branches, called biJef vtnuki, which pass through holes in the limiting plate surround¬ 
ing the punaJ canal in order to enter the hcpailc lobules^ where they become continuous 
with thf^ sinusoids. The skiusoids convey blood from the intcrlobukt branches of 
the l^rtal vein (in the portal canals) to the central veins- ^fhe sinusoids lie in the 
hepatic lacuna: ^iwecn I he ht^patic laminae, dnd are separated frotn the liwr plates 
by a poicritio] space (the space of Disse^n which becomes distended in conditions of 
nneoja^ when plu^ia permeates through the w^alls oE the sinusfn^ds. The space of 
Dissc is continuous at the periphery of tlie lohule with r space (the space of M0II) 
nround the tcsscIs and bile ductule? in the portal canalB, and It is in the latter space 
that the lymph vessels of the liver commence (&ar in other organs) by blind entU. Very 
few, extremely ?mill lymph vcsacla Fwnetrate into ilie periphery of the lobule. 

The ceninil veins frorii adjacent lohulca join to frnm iuhf/tbufar f ™r und these in 
their turn unitt to form the hepatic vefm, which drain the btcKnl from the liver Irito the 
inferior vena cava, 

En the hepatic lubules, minute bile capillarici^ the bile carmUcult\ form netw'orioi 
ut polygonal meshes, cadi mesh sumjundmg an individual liver cell except on the 
surfaces of the cell apposed to the venous sitnisoids. In the fresh organ the bife 
conaliculi do not give off dh'erticula nor do they enter the liver cdEs. Individual bile 
cajiaticulj tljcrcfore lie betwxien the walk of adjoining Uv^cr celts and, in fact, studies 
with the ckctitin microscope liave revealed that the walk of ihc cannliculi ore formed 
by a condensation of the superhciiil parti of the cytoplo^ of the Over celk themselves, 
lliis relatioitiship between the bile canaJicnjli, iht liver cells and the venous slnu^aids 
ts reflected in the tranaforniation of blood bilirubin into bile bilirubin. Blood bill- 
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njbiDj which 1$ by th* ccli» of the rtdcrulii-tndothjeliol system by the ilis-p 

intcrgmEioii of hsEmogEobin^ p*asies fmm iKc sinusoids mto the liver ceJb and is thence 
dtcreied into the bile canaliruli. In its passage throuirh the Ihtr cell it underge^ s 
change whith resutta in bile bihrubin and blot^d bilirubin giving different reactions 
tQ she van den Bergh teats. At the periphery of the hepatic lobule* rhe bile canals culi 
join to form very thin intralobular bile ductuica, ivhkSi in tom enter the interlobular 
bile ductule* in the portal eunaU, The bih ductules in the portal esnaJi are Jined by 
columnar ceils which may contain crystals of cholesterol and droplets of fnt- 

The tcrminnl branches of the hepatic arteries, contained in the pnirtal canals, give 
off branches which enter the intei %'^:nulcs^ while others penclrale into the lobulea to 
join the venous jinusoids^ ^Fhe sinusoids therefore contain mi^ed venous and iiteriaJ 
blood which nourishes the liver cells. 'Fhe composition, amount and velocity of the 
blood stresming at any time through any minute arcs of the liver may cliange and be 
adapted to the necessities of the moment by sphincteric arrangemenpi in the iiJet 
venules and in die branched of the hepatic artcrioSp and by t he cammctilc walls of the 
sinusoids. The intcrinbuLir branches of the hepatic nnerit* alsn give off radiclev to 
supply the structures in the poital canals. Each * portal triad ' (branches of the 
hepatic arteries^ portal \t:jo and bile ducts) supplies its ow n sharply delimited territory, 
and normally there are no anasUHticHcs between these territories. On the other hand, 
the hepatic veins for the main part run independently of the portal veins, hepatic 
arteries and bile duciulL** and cross the boundary^ lines of the territories of the liver 
supplied by the latter structures. 

During fcEtal life the liver acts as one of the main haematopoietic t>rgam, both 
red ind white blood corpuscles being developed in the mesench^Tnc covering the 
endothelium of the sinusoids (p, 51), 

Thk Exctt£rro«v Apparatcs qf the LiviiB 

The cicrctary apparatua of tlie liver consiats of (1) the hepatk duct, 

formed by the junction of the right and left hepatic ducts^ iivhich leave the liver at 
the pom hepatis; (2) the gaiidtfuddfr^ w'hich served aa a ncMiroir for the bile; 
(3) the cy^c duct, or duct of the gajUbbdder ; and (4) the biie-duttf formed by the 
junction of the coimnoo hepatic ^d cystic ducts. 

The common hepatic duct,“-Two main ducts (right and left hepatic) issue 
from thft liver and unite near die right end of the purl a hepatis to form the common 
hepatic ductj which passe* downwards for about 3 cm,, and ia joioed on its right side 
and at an acute angle by the cystic duct; by the union of the common hepatic with 
the cystic duct the bile-duct is formed {kg. 'rhe common hepatic duct b on 

the right of the hepatic aitery and in front of tlie portal vein- 

The gall-bladder [vesica felica] (figs. I2i 1. 1:314+ 1215) is a slate-blue, conical 
or pear-shaped sac lodged in a fossa on the under surface of the right lobe and 
extending from near the right extremity of the porta hepatis to the inferior border 
of the liver. Its upper &u rface is attached to the Hver by connective tissue ; its under 
surface and aides am covered with peritoocum continued from the surface of the liver. 
Occasionally it is camplctely invested with peritoneum and may be cDiincctcd to the 
liver bv a short mescnteiy.' It is from 7 tm. to 10 cm. 1 ong„ 3 cm- broad at its widest 
part, and hold^ from 30 c.cm. to 50 c.cm. It h divided into a fundus, body and neck. 

Thc/tfffifw, or expanded end, is directed downwards, forwards and to the right. 
It projects bevond the inferior border of the liver, and comes into rcktiDiiship with 
the posterior'surface of the anterior abdominal wall below the ninth right costal 
cartilage, and behind the point where the lateral edge of the right Rectua abdominis 
crosses the costal margin ; posteriorly the fundus te in relation with the transverse 
colon, near its commencement. It is entirely covered witis peritoneum- The b&ify 
is directed upwards, backwards and to the left; near the right end of the pora 
hepatis it is continuous with the neck. It is in relation by its upper auifacc. with the 
Hver; by its under surface ivith the right part of ilie transverse colon; and 
farther back with the first part of the duodenum and the upper end of the second 
part. The rtech is narrow ; it curves upwards and forwards, and then, turning 
abruptly backwards and downwardSp becomes continuous with the cystic duct; 
at its point of continuity with the cystic duet there is a constriction. The 
neck is attached to the liver by areolar tissue in which the cystic artery is imbedded. 
The mucous membrane which lines the neck projects into its lumen in the form 
of oblique ridges, forming a sort of spiral valve; when the neck is distended, 
this valve causes the surface of the neck to present a spiral consiriction. 

From the right wall of the neck of the gall-bladder a smad pouch may project 
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ddwnwarda and backwards idwarda the duodejinm. Thh pouch, oficii icmcd 
Hartmann's pouch, although originally dcscribenj by Broca, has been regarded as a 
constant feature of the normal gall-bladder, but inveaheations • have shown 
that it is aJwaj'S associated wSih pathological conditions, especially ddatation^ 
When the pouch is well marked the cystic duct arises from iia upprr and kjt 

Kail and not from what appears to be the 
apex of the gall-bladder* 

The cy^stic duct (figs- 1314, 1215)' 

3 cm. to 4 cm. long, passes backwards, down¬ 
wards and to the left from the neck of the 
gaJl-blaLidcr, and joins the common hepatic 
duct to form the bile-duct; it runs parallel 
with and adheres to the common hepatic duct 
for a ftliort distance before joining with it. 
Tlie junction is usually situated inunedialely 
below' the porta hepatis, but ii may be at a 
considerably lower Icveh In the latter event 
the cystic duct lies in the right fret margin 
of ihc lesser omenium. l^hc mucous mem¬ 
brane lining its interior ia thrown into a 
scries of crescentic folds, from live t* twelve 
in nutnberp similar to those found in the neck 
of the gall-bladder. They project into the 
duel in regular succession, and are directed 
obliquely round the tube, presenting much 
the appeaiance of a ctesccotic, sptral vafw 
[hg. 1214). When the duct is dintendedi 
the spaces between the folds are dilated, and 
the exterior of the duct appears twisted in 
the same manner as the neck of the gall¬ 
bladder. 

The bile-duct [ductus choledoehus] is 
formed near the porta hepatis by the junction 
of the cyatic and common hepatic ducts ; it 
is about 7 cm. long, and of the diameter of a 
goosc-quill, 

it runa at hral downwards, backwards 
and slightly to the Ir ft, anterior to the epiploic 
foramen ; here it lies in the right border of 
the Il^t omentum, in fnmi of the right edge of iht porial vein, and on the right 
of the hepatic artery 1215). passes behind the first part of the duodenum 
with the ga^lmduodcnal artery on its left, and then nirts in a grtMHc on the upper 
and lateral part of the poatenor surface of the head of the pancreas (%. iao6); 
here it » airuaicd in fmnt of the inferior vena cava, and is sometimes ctimpleicly 
imbedded in ihc pancreatic substance (pp. 1451. 1456)- M tlic left aide of the 
»fCond part of the duodemitri it comes into contact with the pincrcatic duct and 
Bccotiipanics it into the wall of ihi« fart of the gut, and there the two ducts unite 
to form the hrpatfipaniTra^k ampuHa (p. 1454): the distal, constricted end of this 
amptdla open$ into the second part of the duodenum on the summit of the major 
diiodeiuil papilla {fig. izo-) from 8 10 10 cm. from the pyloms (p. 1425), J. Kirk f 
failed to find an eimpulli in seven adults and one fulbtime fetus which he 
examined, although a weM-marked ampulla was present in another full-1 irne fetus. 

The bUe-duci may he indicated on the anterior surface of the abdomen by a line 
which begins 5 cm. above the irunspyloric plane and 2 cm. to the right of the median 
plane, and runs downwards for 7-5 cm. 

and The cynfe flrter>^ (p. 7^0), usually a branch of the right 

division of the hepoiic artety, dividits into two bntndii;?, a lowp one, which posses to 
ihc under surface of the aall-blBdder, and im upper one, which nm* in the areolar 
tissue between the upper surface of the gall-bladder and the visceral surface of the 
liver, to both of which it gives braoeheSF I'he eyide vein, femed by the union of 

• F. Davies and H. E. Holding, i. lOJ. AnaL^ 7B, 1^44, 




Fio. 1214.— The gnll-bliddcr and bile- 
dueU laEd open. (Spolteholx.) 
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tributaries which accompany the branches of the cytiic artery, ends in the _^ht 
brunch of the portal vein. In the areolar tiisuc bctiA‘«n the gsH-bladder and the livct, 
amall veins connect the veins of the pall-bladder wiih those in the subs^nce of the Liver. 
The main blood supply of the bile duel is frtim ihe retfoduodenal arfery, which umially 
ari»3 f™m the pastrodutHfenal artc^ and passt-s to the right behind the first pan of 
the duodenum and in front of the bik diMCty suing off an ascending branch to supply 
the upper pare of the duct, 'rhe main artery- piti^^cs down on the rEght side of the 
dtiizt, iupplying branches to itp and endn by anastomosing with the postentiT division 
of the inferior panetL-aTico-duodenal arttty in the vidniry of the hcpalopancrvatic 
otopuila. En cases whcie this snastornosis is pnoti hsatii:Mi of the retroduodenaj aricry 
may result in gansrene or stricture of the bile duct.* 'Vhc lymph vessels of the ^ll- 
bladder are described on p. f|Oi. Tlie nen es of the i;all-b!gddcn which arc nminly 
sympathetic, are derived ftom the ccdioc pleituaand pass along the hepatic aritir and 
iu branches. Fibres fnmi the right phrenic ihruugh the commumcjiticsns 


Fjc. 1115.—Drawing cf s diisection to show ibe tektiom of iht liepatk sneryp 
bile-duct and portal vein in the lesser ofnentupn 
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bctvi ccft the phrenic plexus and the rtcline pkx^. appea r to reach the Kal l-blatldcr 

S ri.rhepaik plexus, as evidenced by the mferml shouWer pain cxpericncea .n 

in the biJc^ducls aie connnon. l^e eystic and conunon hepatic ducta 
,i«v teinain separate until they pa^t liehind the firat part of duodenum; die 
^'tic duet may^ behind thecoititnon hepatic duct and join the latter nn lU postemr 
« St surface ;^e bilcduct and the paflcreatie duct may p;«n sepamtely mto t^ 
dUdenum or they may join together before pasamg th^gh the duod^rf «iill; 
Sc cystic artery* miy arise fmm the hepatic artery and pass behind the bile-duct or tlie 

gaU-bladder ha» three coats : serous, fibromuacular 

“‘rbeTXim/ Of .rtwi coat h derived frwn the periwneum : it completely mvesta 
the fundua, but coiert only the under surfacw and aides of the body ai^ neck, 
TheV«'«««^^ «<"• » atfong layer. cot^» of dense, fihmus UMue, 

mixed plain mus^^lar fitires. which ate disposed chiefly m a longitudinal diree- 

is loosely connected with the fibtous bycr. It » 
generaliv of a yellowish-bimst. eotouf, »id is elevated^ mto minute ru^ wh.i* gw it 
Thoi^Siomb ippcatancc (fig. 1 * 14 ). It is deeply atained with bile after death. The 
• F. A- Healey, BrU. J.Suixcry, 'OSS* 43. 75- 
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PiC. 11164—’A UCttOLP iJiniulih a part af the pen 
wneal'cuvcred portttm ll^ tlie wiU m the giJl’ 
bladder Kfi 3«. (After Rauber-Kopich j 
Kmi-duiirrvniTiiLtic.,^ 


muiMiu 00*1 of thff KBll-bladdcr ia contmuous throuilh die comMion hepatic duet with 
that of the ducu of the liver, and thrmiah the Wlc^uct that gf the Juodent^. 
Jb epithelium ia columoar. uid setiveljr absorha Huid (autine) &001 the bile, rendotiiig 
it more eonoenttatod. It also secretes moeiu {fiS* t*i7>- 

The coal* of the large bitiaiy duels are an esternal or nbtou*. Mid an intemM W 
mucous. The fibrous coat is cempoacd of strons fibto-^lar lasue, with A certain 
amount of rauSculM dssue, Mrunged, for the moat part, m a cireular manner around 
the ducts. The mucous coat is continuous with the tilling membiMe of me hepatie 
duos and ealhbladder, and also with that of the duodenum ; and, like 
fiienibrane of dieae smiMUfcs, i ts epit^lium i* of Ae coIOKmar van^* It is provided 
with nUHicrouA mucous glands, which am lobulutcd and open by minute mnee* 

icarttred irregulariy in the larger diioti. ^ 

The cmrtilar mUJicle amund the lower piTc of the bile-duct, mduding me ^npulia 
nnd the terminsil purr of the main pancreatic duLti ia called they 0 / /Ae fitpiiio- 

pflirrrrofjc ampuita fur the sphincter ol 
1^). The rncchaniain for the canpty- 
I of the eali-b]addcr oppeare to be 
■dcr hormonal^ rather than nervous 
mntrol. The presence of fjil or acid 
duodeniim is believed to 
cause the liberation of n hormone 
(cholcC>stQlunm) which stimulates the 
i^L-bbddcr 10 contract. When the 
pressure of the stored bile in the galb 
bladder aEccccL too mm. bile, the 
g^-bUdder oontraett, the sphincter 
of Oddi relaxes and bile ts poumd 
into the duodeoum. Kirk “ main¬ 
tains ihar there is no gphincteric ar¬ 
rangement of the muaculatunr fttoond 
the Opening of the bile and pancreatic 
ducts into the duodenum^ but that the 
tphinei^ of Oddi surrounds the bile- 
ducr aa it paww rhmugh the aub- 
ixiucomI ^one of the duodenal w all and 
is Continuous with the citculoT muscle 
coat of the ducHlctium which Is tbidi- 
cned at this site. The terminal pan 
of the united bile and poiicreatlc ducts 
is packed wirh viMoua, valvular folds of 
the mucous mjetnbrmnc and the m uicle 
fibi^ extend into the connective tissue 
cores of these folds, ^ITris omneement 
suggests that conTiaction of the musde 
fibres results in retraction and crcciioo 
or aggregation of the folda^ thus pre- 
veming reflux of duodensl contents into 
the ducts and coitnolling the cidt of bile 
into the duiKlcnuin. In the cat, stimu¬ 
lation of branches of the vagus nerves 
to this region msidis In reL^adon of 
the opening of the biEc-duct into the 
iluodcniim i in the human, rtie myentaric ^.^nwAnfA'i) p!e«ii»i* well developed *1 thr 
site gf leimirmion uf the duct*. InlUiumatory »weltmjt of the villoui fold* may 


obstruct the ducts. 


Applied Amifamy .—On account of its isrge *ize, its fixed position, lud its friability, 
the liver a more frequently ruptured than any of the other abdominal viscera. The 
rupture mpy vary from a slight scratch to on cxlcn&Jve and camplete laceration of its 
substance, dividing it into two parts- Sometimes an internal rupture, without 
kecrarion of the pedioneal covering, take* pUcci and such injuries ate more easily 
repaired ; but s^l tears of the lurfice may also heal ^ when, however, the laceratiori 
k eitelisive, death usually takes place from hsemorrhage, on account of the fact that 
the hepatic Vems are coniained in rigid canab in the liver-suh^tince and arr unable 
to contract, and moreover are unprovided with valves. I1ic liver may also bo tom 
by the end of a broken rib perfonlLng the Diaphragm. 

Abscess of the liver may enlarge in many different directions^ Thus it has been 
known m burst into the lungs, when the pus is cuughed up; or into the atumoch, 
• J. Kirk, 7 . .^iwar^i t9++- al» G. Goidan-Taylti^ Brit. .Vrt^. J,* i, I042- 
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when the pus is vomited ; it may burat mto the colon, or duodenum; or, by 
rriro the Diaphrasm. it may cmprf itself into the pleunil !l often 

w^yVn^Tirds, imd pomte twi the anterior abdommat wall ; it muy burst int* thfi 

are mote often found in the Ever viMora. 

The in f« this is not fnr to «ek. The embryo of the egff of r«niii eehino- 
eoecus. beiii libemted in the stomnLh by the disintejiratHm of its shell, bores itt way 
?hrousb th^gasme wslla and usually entem a biood-vessch «id -yarned by tI« 
blocMfatrestti to the hepatic capillanes, where tla onward course ts arrested, and here 
(I utiderfloes development inm the fully formed nydstid. ,1,- 

There is some evidence that the blood-streams conveyed to the portal i cm by the 
suoerior mesomeric vein and fJw splenic vein remain lately separatt From each other 
^rni^ respectively alona the ftEbt and left branches of the portal vein to the naht 
Md Te^phyieiJi lol^ (p. i4ba) of the liver, e-K- abacessw may ^ mo« 

OTonounMd in llu riabt lobe than the left, if the primepf ii^ectinn hea in a ^an of the 
gut drained hy the superior mesenteric vein, and Hi ihc left lobe if the pranary site 

Fio, liiy.-AtransvMM section thmuflh the columns epitiwlium lining the gall- 
‘murin which lie beti.^n the nuclei of the epitbeLiel cells 

wid ihliT free bonJera, 



is in splenic vein territory, Some ipjcctitm aporiments in 

the trmdcftcy for the wo t-enous streams to rwiam s^sratt in the portal On 

the other hwd, if radio-opaquc material is injected into the splcttn in iMn, it t 
coBveved alomi the splenic and nvnst of it passes into the nght physiological 

S, ?S b. . c™.ir|I or Ac f™. .he .pteme 

and superior mesenteric veins in the portal vein. nf tho cvatic duet 

The ail-bladder may become distended m cases of obstruction of tm cyatic 
or of the^lei. or fhm a Collection of gall-stones in its interior, thus fo^^ 
large tumour. The sweUioB is pear-shaped, ind projeete 

towards the umbiLcus. It moves with respirauon. since Jt 11 attached to . 

Obstruction of the bile-duct, apart from stone, is often due to occlusiw of this 
eansl bv oresaurc ofmaliipiant growhs, especially those commencing m the py'o™ 
or oancreas It is also seen following ulceration of the duct, ciMmaal contra^on 
Jbe'^^r ^ue ^iig place. EnortnSu, distension, both of the bile-duct itself and of 
its ndiclei in the Lver substance, may occur at times. 

Choteeyilograpky (PI. XXX).—The gall-bladder is not opaque to 
dve* fea a^um tetraiodo-phenolphthalein) are given by the mwth or iraeci^ 

hlartrl^r tKc d.ve ii cOfiCditiTitccJ thiis bcfijOffTies opsaque wX T 

f.“ pr™« »f A. ...li-bhddc, ''^l“^ 7 K"ofAr' 4 ' 5 ; 

HiMhiodly. By thia means it has been shown that the position wd form of t^^l- 
v*rv wn'tk the tv« of body-build of the individual ; in broad type* (by^r- 

« s?jiAwtoS Li II- tipi. »5 ‘"j f“ 

Kr vert^ra), whe«« in narrow types (asdienic) it 1. 

vertebral column and may reach as low as die fourth lumbar vertebra (F. Ds nes, g 7, 
Britr Mid. t, 1138). 
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THE UROGENITAL SYSTEM 

Ttic urogenital apparatus coiuiata of (a) the urinary organa far the secretion and 
discharge of the urine, and (^) the genit^ oiganSp which arc concerned with the 
process of rcprodiictiofi. The two groups arc included in one ■yatem because, in 
the male, they are not entirely independent of one another^ since one passage {viz, 
the urethra) serves to convey both the urine and the seminal fiuid. 


THE URINARY ORGANS 

The urinary organs comprise ( t) the kidiieyf^ which secrete the urine i (2) the 
urfim, which convey it to (3) the urinary where U ia stored temporarily; 

and {4) the urifhra, through which it is discharged from the urinary bladder. 

Tra Kidneys [Rents] 

The kidneys are two reddish-brown organs situated in the poslerior part of 
the abdomen, one on each side of the vertebral column# behind the, peritoneum; 
thev are siurouadcd by a mass of fat and some loose areolar tissue. I'heh upper 
enJs arc on a level with the upper border of the twelfth thoracic vertebra, their 


F[d, 12jS.—T h? uucrtqr iiiHaicx^ of KhE Judneyi, showlog thc^ aieufi rclntEd to 
ncishbauiirig viaciers;^ 



lower, with the third lumbar vertebra. The right kidney is ustmlly slighily lower 
than the left, probably on account of ita relationship to the liver ; the left is a little 
longer and narrower than the right and is a little nearer lo the median plane. 'The 
long ajtis of each kidney is directed downwards and laicmily ; the tranaverae axis, 
Laterally and backwards. The transpyloric plane fp. E39SJ1 passes through the upper 
part of "the hitusof the right kidney 1 and through the lower part of the hilus of the left. 

Bach kidney is about ii an. in Jengtii, 6 cm. in breadth, and about 3 cm. In 
thickness. In the sdiili male the weight of the kidney variea from 135 gm, to 170 
gm. \ in the adult female from 115 grn. to 155 gm. In a spare individual with a 
tax tbdominal w^aJl the lower pole of the kidney may just be felt in full inspiration 
by bimanual examinatinn of the IoijIh tisually, however, it is impalpable. Its outline 




















THE KIDNEYS H?* 

can be projected to ihe surface by drawing a kidney-shaped figure (hg. 1^19) 
with the hilui 5 cm. from the median plane on the transpylonc plane or oppoaile 
the lower border of the first lumbar spinous process. As ihe kidney lira obljqiiiely 
the width of the figure should be t •§ tm less than the actual width of the 
The kidney has a cliaractcristic sbaiie^ often described as bean-ahaptdp 
presents for examination two surfaces, two borders^ and an upper and a lower end- 
Relations.—The mr/are {figs* 1305+ m R) of each ** and 

looks forwards and kicrally. Its relations to adjacent viscera differ on the nvo sides 

of the body. , * v, ■ 

(fi) Anterior ft/ right kidnty .—A narrow portion at the upper extremity la 

in contact with the right suprarenal gland. I'hc gUnd may overlap ihc upper pole^ 
or the upper part of the medial border, or it may occupy a position midway between 
the two* A large area Just below this and involving about three^toiirths ol the 

FlC.^ 1 ai 13,—The Murfitpc nrlnUDfiK of ihc ducMi^nunij paricreM oad Iddneyt. 



surface, lies in the renal impression on the right lobe of the liver, and a narrow 
but somewhat vai^lc area near the medial border is in contact with the second 
part of the duodenunip The lower part of the anterior surface? is in contact kterdly 
with the right colic flciurr, and medially, as a rule, with a part of the small intesrine. 
The area in relation with small iniesUnc and almost the whole of the arta in contact 
with the liver are covered with peritoneum (with the intervention of the renal 
fageia); the suprarenal^ duodenal and coHc arc^ arc devoid of peritoneum. 

(6) Anirriar surfiia of Itft kidney.—A small area along the upper part of the 
medial border is in rebtiou with the left supmitrnal gland* and ^e upper tw^^thirds 
or less of the latcnd half of rhe anterior surface are in contact with the rami imprra- 
sion on the splem A somewhat quadrilateral field, about the middle of the anterior 
sudace, is in contact with the body of the pancreas and the splenic vessels* Above 
this there ts a small triangular portion, between the suprarenal and splenic yeas, 
which is in contact with the stomach. The aiae of the ^tric area is very sariabk. 
It h dirainist^, or may even be abaent, when the left kidney lies at an abnonnaUy 
low level* or when the obliquity of the body of the pancreas is accentuated* Below 
the pancreatic and splenic treas the lateral part is in reladon with the left colic 
flexure and the commencement of the dfc^ending colon, and the medial part with 
the first coib of the jejunum. The jejunal area Is alw-ays extensive but, as the 
descending colon is nurmally iti a enndition of contraction, the colic area forms an 
irragubr, narrow strip immediately adjoining the lateral border of the kidney, 
'rhe area in contact mth the stomach is ■covered with the peritoneum «f the omental 
bursa, while those in relation to the spleen and the jejunum arc covered with the 
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FiO, pQic«rier iurf#m of the kkln^'t, showing th# arw of rclaliiii 

ki [he pOfiterLGT jibdorilirLill wall. 
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E EfiiOfictim of the greater mc i behind ihe peritoneum of the jejuna! area some 
ranches of the left calie vessela are related to the kidney. The BupmrenaJp pan¬ 
creatic^ and colic areaa arc dc^noid of peritoneum. 

The lur^m rsao to 1223) of each kidney is directed backwards 

and medially^ It is imbeodm in areolar and fatly tissuep and is devoid of peritoneal 
covering, it lies upon the Diaphragm»the medial and lateral lumbocostal archer the 

Fic, iiii.-^Tbe right kidney, raipoord fmm behind. 
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lists upon the twelfth tih, the Fiq 
left usiulLy an the eleventh tind 
n^xlith. The Diaphragm separates 
the kidney rratn the pTeurap i^'hich 
dips down to rottn the costedia- 
phragmatic reecss (£g. Ezsi)^ but 
saiiieiimcs the muacolat fibres of 
the Diaphragm are defective or 
absent over a triangular area im- 
mediately above the lateral luntbo^ 
costal arehp and when this is so the 
perinephric areolar tissue is in con¬ 
tact with the diaphragmatic pleura. 

ITic upp^ end of tlie kidney is 
thick and roundp and is nearer the 
mediaa plane than the lower; it 
Is siLiTEiDimied by the suprarerml 
gland, which covers also a small 
portion of the anterior surface. 

The /oerfrendf smaller and thinner 
than thesupcrlor, extends to within 
5 crn. of the iliac crest. 

l‘he lateral border is convea; 
that of the left kidney is^ at its 
upper part, covered with greater 
sac peritoneum which separates it 
from the ^lecn aoch at its lower 
partp it is in contact with the de* 

Ecending colon; the lateral border 
of the right kidney is separated by peritoneum of the greater sac from the right 

lobe of the liver, 

s. 1U3. — A iraoffi'ersc ajcciiM, ihowjng Ehi! relfltioD* 'phg medial border is con- 

of the rennl faicb^ (After GeretA.) cave in the oentre and convex 
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Psoss major^ the Quadiatus lutuboniiti,p and the tendon of origio of the Transversus 
abdominiSp the subcostal vessels^ and the last thoradCp iUohypogastric and ilio^ 
inguinal nerves^ The right kidney 
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Flfl* 1154 -—Tilt kidneji md iU(>rtrcnal 
j^luiJi of a rMiv-bom chikl^ Ant^riai' 

BKpccE. 
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The hilus leada Into a wntral recess or cav*i^ lumed the renoJ liwn, which b 
lined bv a contintiadon of the capsule of the lidncy and ts idni«t cnlweiy ftUed 
bv the ureteral pelvis and renal >TSseb; nunieroua tupplc4ihe rf^srationa. temed 
^ the renal paptU^^ mark the wall of the 

sious^ Just outside the hilus the ureter 
tMJcomea dilated and its size IncrcaM 
progressivEly inside the sinus. This 
upper expanded portion h termed the 
pehis of the ureter, ^Vithul the sious it 
divides into two, sonrietimes three, lar^ 
branches* which are named the major 
calyeer^ and each of thtsc divides again 
into several short hnmehesp named the 
rntmr calyces (fig. In allp there 

are usually from seven to thirteen of 
these minor calyces; each expands as k 
approaches the wall of the renal stnus* 
and the expand-ed end is indented and 
moulded round from one to three renal 
papillz (PL XXXI). The wall of the 
expanded end of the calyx is firmly 
adherent to the eapaute lining the renal 
sinus t it Is perforated by the collecting 
tubules which open on "the summits of 
the renal papilSre. 

The kidney and its vessels are im¬ 
bedded in a mass of fatty tisstie* termed the perirenal fat or adipose eapsuk, which k 
thickest at the bardcfs of the kidney and is prolonged through the hilus into the 


Herud ueMtlt 



Ftd. t^2s.—^ longihidiiwt Kitiat, thfumth a kidney, tq »W tJv pcha of 
wrier Olid iu ■ubdiviiiofi into talyce*, end the idufKirnsHc eppeaiwtee nf ihe 
Elormal kidnEj, 
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renal ninm. The fibrEJoirdibr tissue (lurraunding the kidjtey ainl the renal fat is 
ennden^ed tQ fpim a sheath mid is tcrmeil the renal fastria (hg. 1223)^ 

Af the btcral border of the kJdney the two layer* of the sheath are fiised^ The 
■nfcdor byer b earned medially in ftotit of the kidney and its vessels, and at the Icvtil 
of [lie latter it mergea with the eonoective tissue around the aorta and inferior vena 
cava. Thj$ conriniiation medially 15 vc^ thin and does not extend higher than the 
superior mesenteric artviy- "^Phe pfosterior layer oKtends inedially bthiod the kidney 
and in front of the fascia on the Quadratus lumbonim and Psoas miiioT, nnd is 
attached to that faseia at the lateral and rnedial borders of the Psoas, ttnd_ to the ver¬ 
tebra; and jnten''crr<?bral dis<*+ There in also n deeper sirmtuni (not sliown in figr 1^13) 
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FlO, —A iciheme of a renal mhuk itid hs vascular supply. 
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attaching the anterior and posterior layers to One another at the medial border of the 
kidney and pierced by the renal ves&cfs.* This deeper stratum accounts for the fact 
that a perirenal effusirm of fluid docs not eKtend across to the opposite perirenal space. 
Abovx the suprarenal gland the two layers of the reiiaJ fascia fuse, and are ctmnected 
with the fascia of the Diaphragm *, below the kidney they remain, separate, enclosing 
the ureter, the anterior layer being gradually Inst m the extraperitoneal^ tissue of the 
iliac fossa, while the posterior layer blends with the fascia over the JUania muscle. 
Mitciwli,t however, maintains that the anterior and pOsteMf layers fuse below the 
kidney^ though this fusion is weaker than that of the iwo layere alrovc the *tiprarenal 
gland . The lenal fascia is connected to the Ghrous capsule of the kidney hy numerous 
trabcculte, which tmverse the fatt>* cBpsule, and ore stiongesi near the lower end of 
the organ. Behind the rmal fascia there k a considerable quonri^ of fat, which 11 
sometEmea termed the parantphric body. The kidney is held in position partly through 
* C. P. Martin^J. Amtt^ i042p 77 p 
t G* A* G. MirchcH, Brit. losOp 37, sjt. 
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the nttftchntenti trf the ret^ fBKia and bj- ihe rerwl fat. but principally by the 
apposition of the ndR^bbouring visciira. 

In the farm* the kidney eonsista of abtiut tivclvr Jisrtnct lobule* (fijf. 1214), but 
in the adult thtM at® fused and the kidney presents a uniformly smooth surface, 
tract* of the feera! Ipbtibition nuiy rtrmaiii. . . l- ^ 

funeral struclurr of the Kidney.—nTte kidney is itivcsiccl hy n thin transparent 
capside. that h easily stripped off and consists of white libras a«ue. ^uh a few 
^low elastic and amotuh muscle fibre*. In some diseases of the kidney the capsule 
twcomes adherent to the kidnei' and cannot be readily stnpped away. 

If a vertical section he mndc ftwn its lateral to its medial border, and the loose 
tissue and fat removed fmm around the vessels, pelviS of the ur«et and the calyces, 
the tenal aim will be seen surrounded at all parts except the hilus by the pnoF^r 
kidney-substance (fie, i 22 i>. The fibrouscapsule is prolooEed into the Sinus round the 
lips of the hilus. to become continuou* with the outer coal of the pclvw ot the 

'^Tbe kidnev is composed of an internal, medultary and an exEcmal, cortical substance. 

The mrduilan- tuhflantt consist* of eiRht to ei(thtetn pale, stnated. conical masses, 
tefined the rraaf>y«w»«di, the bases of which are directed towards the crreumference 
of The kidney, while their apices converse towards the renul sinus, w^re they form 
prominent papillw ptojectinfi into the interiot of the caljjcrt, each minor calyx 
Bivins from one to thrtt papilla?. E^ch pynunid. capped hy corticul substance, 
fonn* a * lohe ' of the lci:tlnc>% 



FlOs 1227.—The diatributioni of thr blood- 

vrfl^eli in the cenex of kidnflyt 
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F(a, izaS.-’A gtofnerulufi^ 



The corttf&l ia n:iislisli-bfawn in colour^ and soft and ^raniibir in con- 

shtenec. it ii-tfi immediately boncalh itic fibfon* capsule, arebt* over the biis^ of the 
pvmmids, and dips io beuveen adjacent pyramids ards the njnal sinus. T'hc purls 
dippinit in between the pyramidi are named ihe rewo/ (olurnni, while the portions 
whkh connect the inial column-f with each other and intervener between the bases of 
the pyramid* and the fibrous eupsule are called the eortkal ore^« or iyhaitt. 

If this letter part of the cortex be exomined with a Jens, it will bt seen to consist of a 
■cries of lighter-cotoured, conicjll areas, termed mfMinry' myr, and a darkcr-oobured 
joter^xping lubstancc, which from the complcadly of its slnicUirc is named the ctw- 
vt>luifd part. Tlic rays gradually taper rewards the capsule of the kidney, and consial 
of a aerica of out%VBKj pmbngstiona from the base of each renal pyramid. 

Minute Anafomy.—The kidney is composed of a very large number of mriuouft, 
cloMly-packcd, tubules calkd the uriniferous tubules, bound together by a cunnecting 
atromm. Jrlflch tubule ctinsiats of two pan*, which arc enibryologically distinct (p* 
a(i3), namely ft) the ntphraa or secreting part, tvhich elaborates the urine, and U) a 
cotle^iing mWfr Tile nephrun comprise [i) the rEiml corpuulr, which is concerned 
with filtration of substanoee from the plusma ; (z) the rtml ttibuif, which is concerned 
with the selective resorption of substances from the glomerular filtrate until it mtehes 
the ccunpo-tition of urine. The fuhnh carries the urine from a number of 

renal tubules to a ducf of BfUim ; the latter opims into ■ minor calyx at the apex of a 
renal papilla* If the •utfaee of one of the paptlkr be cxonwicd with a lens, it will be 
seen to be studded over with minute opeiiing*! the orificca of the dmtfl of Bellini, 
from siKieen to twenty In number, imd if pressure be made on a freah kidney, urine 
will hi- Mwn to exude from these orifices. Tlic (Mufpfghian} forptiscles, w^hich 
uie small rounded imuses of a deep red colour, averaging about o-i mm. in diameter, 
are fenu^ in the con%tilutcd substance of the cortex and the renal columns. There 
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arc bcfw-4rcrt one miilkin and four milUon ren*! corpuscles in cscVi Nitlney- Each of 
these bodies is composed of two parts: d centra] gtffffunJut of ves&eb-^ and a jiicnj-i 
hnanuus envelope, fcittictl the gltifftcrular capT^^^ which is the smflll pouch-hke 
conrnicocemeni of a renal tubule. 

The gt<m^raius is a tobulated tuffc of convoluted, capiUar>' blood 'veMcIa^ held 
together by scanty connective tissue. This capillary network is detSvtd from a small 
anerial twig (the affmnt vftstl}, whteh ciUcrs the capsule^ ifenetiilly at a point opposite 
to that at whteb the latter is eqitrueccjed with the tebule ; the ffjffcMnr t'arre/ emerges 
from the ciipsute at the same p4:»intp which is ihiia knov^Ti as The vasculur ptjle of the 
Cdpsulcr 

"["he ghm^rultir eapsuU is the blind, expanded end of die lenal tubtilo+ indented for 
the reception of the glomerulua. It consiaia of a basement-membrane, lined by a 
single layer of rtallcncd epithelial oclb+ Thus between the glomerulus and th* outer 
layer of the capsule there is a spare lined by a contintious layer of flattened «iJs j ihia 
cavi:^ varies iri size eocording to the Btatc of secretion and the amount of fiuid prcsetit 
in it. tn the ftetus the lining epithelial celts fitt polyhedral or columnar. The blood 
in the E^apillaries is separated from die capsulur space, not only by the capillary^ endo* 
theliump but also by ftsttcjicd epithdium and a basement membrane {the inv*airinated 
wall of the capsule), end the gkjtnerular hltfatc from the irapillaries passes through 
these three layers, which collectively form a very thin membrnne. Electron 
scope studies show that it is only the basement membrane which fortna * contjnuoua 
structure, diere belr^i minute pores between the capilluiy endothelial cells and 
between the capsular epithelial cells.* 

Each rrrwrl tuhuiif (fig. j£ 26) consists of the following parts in sequence : (t) the 
gtornfmlar already dcicrihed ; (z) the prowinW (or cotrtWwW iirauiej 

connected to the glomerukr capsuEe by a short iwcis (which in man is only slightly 


Fto+ j aj^.—^Radisl section Ehrough the rensl corteXn Stained with hKmatox^'lin 
and win, 110, (Drawn from ■ pErparatiDti kindly lent to the Editon by 
I>r. E. E. Hewer.) 



fwrrowcr than the rest of the tubule) ; the terminal part of the convolaied tubule 
becomes norrow' and straight or slightly spiral {tpirtil tahuic) End runs towards the 
medulla ; (j) the dw^ndin^ of fAc loop of Hmlc^ which runs into a medullary 
pyramid, where it turns to form {4) the loop of Henh, which is continued as {5} the 
afCfTTilitrg limh of tht toop of lienU^ which is broader than the descending Itmb and, 
psising up the pyramid, te-entcre the cordcal substance to be continuous with (6) 
the diftui (or second} ^om:olulfd tulruU, that fumlly stTaightens out m (7! iht jutttiiontil 
luhutf, which ends by joininlf s tcUetting or straight tulmlg. Between the diatal con¬ 
voluted tubule and the junctional tubule, thete is a short niigular segment of the renal 
tubule that is called the zig-zag (or mrgulor) tubule. 

* D, Pew, AnaLlhrf.r i^? 55 , 701 i J- 1955, ^ 395. 
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ITie itrttisht or coUeeting tuhtiit.t cominercc in the nirdullciTy my* of tile corfM , 
they unite at short internals with one Another j tlw lei^ioa tutK* present » 

Able incKBK iti calibre* and are known as the duett of BcUmt : they open " 

the summit of a popillft, the (lA lo ao) duel openings Riving ihe tip ot tht pjpiUa a 

tribriiorTrL appCftTunc**^ {nrrti .... - ■ i i 

Strurtvrr of tlir ram! ruAiffer-—The renal tubules are lined hy a single layer of 
epithelial cells, outside ^hich there is u bavemeni membmie. flie 
in the different parts of Uw tuhnlev In the proximal involuted mbule, » 

BlMut 6o^c in diameter, the celts have the appearance of tall (^neated cones «ith thtir 
narrow ends mwanli the lumen ol the lubnle, though the CeUs bectmie dottened if the 
tube i* distended with glMncmliir filtrate. Their eytoptasm jrains deeply with eosin 
and the linear ammgeincnl of the rod-like milocliundna m the basal part of the 
■five* die cytoplflstn g siriatwi appearance. ITie large spherical nuclei arc situated m 
the ba.sfll part of tite cells. The eelLs. like those lining the tmal intestine, have a 
tiriatcd border (brush border), which indicate* that the cells have co^idetable 
Ebsorptive (nsoitive) functions. 'Hicse borders coniain alkaline phosphaliM, an 
eiTCvmc that is concerned in the atworption of jjlucosc. and nnmially *11 the glutose 
of the giomcrular filtrate is rcsorbed into the blood-strewn by the proximal ctinypluted 
tubules Water is ahnj rrtPrbed, and oilier eniyrocs prasent arc concerned in tirt 
rewrotion of odicr maicrkls. 'fhe glomerular filirate in the gbmcrolar capsule ho* 
the isinle Lomposltlon as blond pi teams, with the cxcepiinn of la^e imIucuIcs lil<e 
orcueins and fats, and it i» formed by ihc glomerulua acting as an iiltrahitcr due to the 
hydrostatic pressure in the espillaries. The reliitTVcIy hiiih ptcMura in the glomerular 
cspitlsries haH been attributed to the i-flferent vessel benng narrower than the afferem 
(fiiS*. 12^7% though Aonie maintnin that ibetw vtsHsls linvc tht same uiu- 

meter cind thtit the effect ]i produced ihfouRh the njicnny of contractile cells in the 
wait of the cflfcient vc&scl. H’hc descending limb of Henk's ftiop is fhin. hemg alwjut 
in diameter, and the lining cclb are Hat with their nuclei btiFwrne towards the 
lumrn. The ascending limb is thicker (nbout jof- in diiitnctcr) and the hnmu cc Is are 
cuboidal. The blood in the cupillarica prpund ihe hmh;^ nf the hwp of llcntt' hm 
previously parsed thrdujth ihe ghnnendi, in which it l>ecame eonctntranrd by the 
pa£SAKC of the j-lnnicrukir filtmic. Thus, owing to ihc differmcc in tlie fT^iincKnc 
sure Ilf the blond and fbe eofitenltt of the tubule, wnter passes back into the 
canceiallv from the descending iUnbH the wiill of which is ao thin. Compared w ^ih the 
nnjNimat convoluted tubule, the distal con^ ulutcd tuhuEe is ^ilightly Thinner (30-40^1), 
but as the lining cell* are llattcr the lum^n is* somewhat wider ; the tining cells do not 
no^-st a stritued border and the cytoplasm i^ not so eosinophilic. Waiter absorption 
also takes place From this part of the luhulc und it Ls Ijclicved ihai ihe process !■ 
oantTobed bv the antidiurelic hormone of the ixjRtcnor lobe of the pituttary glnijd * 
some mnintam that this hnminne controls water absorption fmm the limbs of I knit s 

FiitaTcd Ebnve, the afferent and efferent of a Klijmenilus jaio ihc vas^ular 

polc of a glumcruJar capsule more or less* of>posile si<c of origin of the proximal 
convoluteij tubule <Hes. 1217, t i2b), In each nephrop. The ascending limb of llenleV 
loop leiums fmtti the medulla and passed inwards die glomeriiihifl which gave origiri 
to that parikuFrtr ncpTiron, and the commencement of the disiiil convoluted tubule 
lies bctw'etn the afferent and efferent at the vascular pole, in close contact with 

the vascular pole and itve fiffctcrii ve^el. Between the tubule and the vascubr pf>Ie 
dicre ts a collection of smoll cells that con^titulc what is known as ihe macula denaa, 
the nature »nd functinn of which are out known. The cells Of the tunica me^lia of 
the affeicnt %^e3sel in this region differ from the unstriped musde Rhres of blood ’^ c^seli 
In petieral in dial they arc large, nmnded and * epithelioid in type and have large 
fiphcrical nucki ; its revealed by special stains their cytoplasm h nmnutar. These 
cells are known as juxtaglomeruinr ccll!i and iht^y lie in close conti^ri with the macula 
dcinsa, the eeds of the distal convoluted mbuie, and the blood in the afferent vesseU 
In expcrimcnlnl iiJiimah iu w hich the hlnotl -supply to tliekidni^y has been Utnunished^ 
with consequent incncas* of bltiod pressure^ iiiid in some patients with hypertension 
associated with kidney disease* ihe JurtEglomciular cells hffi'c been fo^md to |k hyper¬ 
trophied and ititreaKcl in number. In rhcjie eonditiotis it is believed by some rhat 
rht justiiizlonierular cells produce an enz^Tne (renin) which converts a protein fhyper- 
tenslnogenl in the blood 10 a pedypeptide (hypertensEn), mtil that the latter auhatance 
is resp^^nsible for the increase in blood pressure. The precise role of the juxea- 
glomenilsir C*l1s in rclannn to hypcrtcnaion in. however, nnt definitely established. 

The renal bload-veswls (fig- 1226).—Before etuering the kidney* each artcyy 
divides into four or branches which at the hilus lie mainly between the renal vein 
and: the pel via of rhe ureter, ihc vein bEtng in front, the pelvis behind j one branch 
Usually lief Itehhid the pelvis. Each vessel gives off scMiie small branches to the 
suprarenal glands, to the tireter, and m the surmunding ceihilnr tissue and muaclcs. 
One *it two rfnal arteries may arise from the abdummal aona. either above 
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THE RENAL BLOOD VESSELS 

dr twiow the rend artery. Such v^Kick do not ^'nte^ the lutum, but pierce the upper 
or lower pma of the kidney. The branches of the renal artery* while jn the sinujip 
give off a few rvi'Eifs for (he nutrition of the siujnt>unding tissues^ snd divide into 
orjmrj, one for each renal papillar S3efoi« entering (he kidney-substnnee each lobar 
artery di% Ides into two (sometimes three) inti^lijikir ar/ener which run towards the 
curteK on cisch aide of die pyramid- At the Junction lictween the coneac and the 
medulla each interlobar artery divides dichomtoously into branches which run ai nght 
angles to die parEnt stem. ’"Ilicse arc termed the arevuU £rr|irriej+ ami it p to be noted 
that the interlobar and aicuatc arteHca to each lobe do not anastomose with the corfe- 
vponding irtenea of ncighbmjrtng lobes. Mile atcuaie arleries give off a large num^T 
of straight sjtcries [hiierldmfar], Btrnnged vertically to the stirf&cc, each of which 


FlO. tajo.—A trairlivenfe lectinn ihroUKh ■ pyramid of t human kidney., Stained 
widv hirnnaiosytlfi and eevin. $£400. 
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gives off a number of lateral branches, afferent ^"essels of the ot glamirular 

arfcTjet. In iiycCted s^cim™ which have been cleared each interlobular artery with 
its brimchca and associated glomeruli resembles a string of red cuiranis. 

From the copi Hones of each glomcrulni, except those a^BCent to the medulla^ an 
efferent vessel arises and divides to form a secnird set of caplllnriei which run bctw«n 
(he tubules and arc called wieftabuhr iaptltariet. These unite to form itttrrltjtttiar 
trtrif, which discharge mto the trihutades of the iwierrichitr rdnr running with ihe 
interlobar arteries. Each interlobular vein begins bimeath the fibrnos capsule of the 
Icidjiey by the convergence of suimJIcr veins, called rFeWftte ratm because of their 
appcaVance as seen from the surface of the organ. 

The \Tifietilflr supply of the medulla of the kidney is derived frqm the efferent vessels 
of the glonieruti adjacent to the tnedullaiy substance. TIicm efferent vesieb ans 
larger than those from (he glomeruli at the periphery of the rartes and many of tliem 
divide into vesseb, the itraight which, pawing into tlie medulla, run a 

straight touTM closely related to the thin-w illed descending limb* of the IsKrps of 
Henie, The cither branches of the efferent vessels from the jmiTamtdullary glnmemb 
break up into inteftybuliiir capillaries, like the efferent vc^ls from the glororroli in 
the outer part of the cortex. Veins from the medulla enter the arcMatc veins and so 
reach the interlobular veins which unite to form the renal vein. 

The circulation through the kidney 19 primarily s glomeruliir circuladon, and all 
the braDchea which arise from the arcuate and interlobular arteries tecminjiite in 
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uloniemli.* Normally the rtnal blood drculaw more plentifully ihrowMh ‘he co^x 
?lion thmutfli 'he medulla, but in «r&in circurjvstpnco the Wtlical vessels may 
bKome consiricted and the vessels passing to the J^tamedullary 
This is known as the 'renal sliunt tncchimism ^ H rrtuiis in nearh ■)' ‘he 
enlerini! the kidney bein? shunted through the juxtamedullary Bl^mcmli (w hieh are 
relatively few in number) to the medulla, the cones bttk'blood. a 

consequence, the anwjunt uf urine produced is Hsonsiderthly dimtmshcd ond 
anuria may occur, Such a condition may te brought al«iul by, for ^ 

mishing injuries (' crush sj-ndrome ■). and is due to the rvtkx contraction of the 

^ divided into five v'sscular segments J ; tltc apical segment ^upics 
the metlial side and anterior pan of the upper pole, the lower wt-roLiit forms the lower 
pole, the upper {anterior) wBnient includes the upper ptilv and prt of the centra! 
arts the middle (anterior) segment lies between tlie upper {antenor) and theJinver 
gejimcnts, snd the posterior aegment includes the entire piwtennr 'be kidney 

Ijc^een the apical and lower segmcnia. Each sefiment is supplied by a separate 
branch of the nrttal arterv and there is no aiwsHimosis between adjoining scgractiia. 

In the living subjeel a'psle streak, known as BrCdel'i line, marks the dorsal pan oi 
tlie lateral convex border of the kidney and indicates on the surisce of the organ the 
boundary zont ^>ctl^■ccrl the areas of diatributiDti of the anlcdor iiiil the poitenof 

faraoebra of the rerial artery. . . s - . . l j 

of ffir 'rhe ncn’H^ of the kidney desenbed 00 p. izi 

The ivmph vateli of the kidney are dMctibcU un p. 

Cofmktm or inlfriuhular Although the tubules and vesM^ at« 

closely packed, a small fiiuount of cotinrctive tissue, continuous with the fibrous 
capsule, binds them fumly together and supports ihc blood-v^icls, lymph vessels and 
nerves^. 

Applied --rFfu/rnm .—Indaitins into the kidney for the purpose of diip^ymp the 
intenor of the pehig of the ureter are made olong B^^kld s line. Thv plane of the 
incision passes ihmuyh the relatively ava^icubir area and undue lisemorrhnge i» thus 

early pelvic position of the kidney (p. aoSl may persist, and in these comb the 
or^an usually derives if* blmHi-supply from the common jjisc ariery, and the lulus 
Jieg. an its anterior aspect. * Disc kidney ' and ' horseshoe kidney/ tepre.icnting com¬ 
plete or partial fusion of the t^n organs, also iKcii rs. Cuh Reni tal ah-wnev, or ini perfect 
development, of one kidney may occur, ami may be compensalcd by enlirKemcnr of 
the kidney on the opposite side. Rerdy the two kidneys may lie on the same side 
of the Wtnly- 


TWK Ureteh* 

The ureters sre the two tubes whkh convey the urine from the kidneya to the 
urinary bladder. Each measures from 25 cm. to 30 cm. in length, and ift a ihtdt- 
waited, narrow, cylindrical tube which comioenccs within the renal sinua aa a 
funnel-shaped dilatation, termed the pfhh of tht ureter (fig. 1x25). It runs down- 
W'jfds and slightly medially iu fomt of the Psoas mdjor. passes into the pelvic cavity, 
and opens into the base of the urinary' bladder. Its petition can be projected in the 
surface where it it reprcacfiicd by a Enc from a point on the transpytortc plane 
5 cm. from tht median plane drawn downwards and medially to the pubic 
tubercle. 

The pehis of the urrirr has already been described (p. 147+). 

Tite abdominal pari of the ureter lies behind the peritoneum on the medkl 
portion of the Psoas major, which intervenes between it and the tips of the trans¬ 
verse processes of the lumbar vertebroe (PL XXXI). On the Psoas major it 
crosses in front of the geniiQ-fcmoml nen e and b itself crossed obltt|ucly by the 
testicular lor ovarian) vessels, li enters the pelvic cavity by enclosing in front of 
cither the end of the common^ or the beginning of the extemoJ, iliac vessels. 

At its origin, the r^ht ureter i& usually covered by the second part of the duo¬ 
denum ^ in \t& course downw'ardg il lies to the right of the Inferior vena cava, and b 
crossed sinteriorlv by the right colic and the ileocolic vcsscIsh while near tjie inlet of 
the pelvis h bcliind the luwcr part of the mcscnierv' and tht: tenninal part 

• D. B. MacClUuinK 1916^ R. A Mwre. Affasemka! 

t Studla of the Renal Circulation/' J. Tmttn, A. E, Barclay. P. M. Daniel. K. J. 
I-Vanklin, M. M- L. i^ichard. HtackK^i 

I F.T. GniVW, BfiLj. Surgery, 1^54, 43 , 132, 






PLATE XXKt 



JLiiHocraph of the lumbar vericht*. ofttr mttswmu <|f 

Stketan, Q« Anterior view, ITw urcrtert OAkl th«r j ,|,« 

minor calyee* arc well *Iwhti. Note the cuppwiB «t the pttrenwtie e <rf 
minor col)^. Note oho the relation of the ureter to the trwwv^ proecwca 
and that W lateral edne of tlic left P«^ m^r tnufcle can he reco^uni. 
'rhe «rn>w poinid to tJac of ihe iibKi 
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PLATE XXXIl 



uf ihc tfwdL sn the renule^ wffer «n injcetioii of banuni lulohiiti! mto the 

ucerus. 

X^^bcKly af uten». Note the two comiiA leading to ibe uterine tubta- 
XX sftpeculitm in vigtnm 

The Mxram* indicate the iofundibyU of the uterine itihct. Some of the birium hu inmed 
thfoucb the ■bdtHimiJil ppeuing of the tube into the general petHontA'l cavity^ 



'FHE URETERS 
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lh<? kiwcr thJ ret of the ureter. __ 
wifK hivm^toxyUu and conm. > r 20, 
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of ihi; ileum. The U/t Hreter is crossed hy the left colic sxsdcis, and near the inlet of 
the pelvic behind tlte siginuld colon and lla me$entcr)% lying in the posterior 

wall of the inlersigmcid tccc^. 

The pekrk part of £he ureter runs at first downvi^rds on the lateral waU of the 
pelvic cavity, under cover of the peritoneiunt and alon^ the anterior border of die 
greater seiatU: notch. It Uea m front of the iniemal iliac arten' and Jta anterior 
division, and medial to the obturator ncrv^c and the umhilicah obtunitor^ inferior 
vcsicah and middle rectai ^rteric^. Opposite ihe lower part nf the gr-cater scintk 
foramen it ttjn$ medially and forwards^ and reaches the lateral angle of the urinary 
biadikr. where it is situated in front of the upper end of the seminal vesicle (and at 
a distance of shout 5 cm. from the opposite ureter); here the ductus deferens crosses 
in front of it to gain its medial aide [Bg. 1233}, and the vesical veins surround it. 
FinalJy, the ureters run obliquely tlirough the wall of the bladder and open by slit- 
like apertures into the cavity of that viscus at the lateral angles of ihe trigone (hg. 
IZ36)- When the bladder is distended tipc openings of the ufclei^ may l>e nlx^ut 
5 cm+ apart, but when it is empty and contracted the distance betsveen them is 
dimiuiahed by onc-balf. O^ving to their 
oblique cuuTse through the tviats of the 
bladder, the upper and lower wttUs of the 
Terminal portions of the ureters become 
closely applied to each other when ilic 
bladder is distended^ and, acting as 
valves, prevent regurgitation of urine. 

Regurgitation is prevented also by peri¬ 
stalsis of the ureteric muscle and by the 
presence of small, valve-likc folds nf 
mucous njembrane at the entrance of 
the ureter into the bladder. It should 
be luued that the peritoneum is closely 
upplied to fhc medial side of the pelvic 
part of the ureiec {fig. 1232)^ except at its 
tennination, where the ductus deferens 
and, siimetiniKi imc or twij small vessels 
irticrvciic. 

In the the peUde pare of the 

ureter forma the posterior boundary of a 
shallow depression named the ovarian 
fotsa, in w'hich the ovary is ^tuated (fig. 

1235). tl medially and forwards 

below the lower part uf the broad ligament of the uteruSi and passes Lateral tn the 
supravaginal portion of the cervix uteri and alwve the lateral fomLx of the vagina. 
It then lies for si short distance in front of the vagitra, and finally pierces the wall of 
the bladder obUqnely+ In this part of its etjurse it b accompanied for about 2^5 cm* 
by the uterine artery, which then crosses in front of the iirotcr and ascends between 
tlie tTivo laof the broad ligarncnt^ The ureter is distant about 2 cm. from the side 
of the cervix of the uterus.* 

The ureter is sometimes dupHoited on one or both sides, and the two lubes may 
remain distinct as lir as the base of the urinar)' bladder i tlicy rarely open separately 
into the bladder caviiyn 'J'hc ureter is slightly constricted at its upper end and 
where it crosses the brim of the pelvis; it is narrowest w here it pasts through 
the wall of the bladder. 

The ureter^ Its ^hiIvts and the cajycea can be demonstrated in the living subject 

■ J, C. Bjith C^riftrA Oct. aS, 103=) say^ : 

'fhc ivlatbn af the liut portion of the ureter to the inidiiM m variable. There it UAuaSly 
« portion of the urelEf in freru et the vifimill, \y\t\^ for * thort distonet in the cxinriective f liisUfl 
beiwtxii the va^ni ftfid btflUdef, Wid then in the wall of the bl&tlder iuelfi 

With The vagina and blaiJcSer syimnetTimlly lelaieJ to each ntlier this portion of the 
ureter ii equal the TWO isd« ; but deviation from the Einamemeiil pcsibon U ihi- nile. 
The r«ult la an incrM*e of thi* portion ol ihc ureter on one tide und a oorfeipoiidiinr deenraae 
an the other, llicrc is frequently no ureter in front of the I'uiprui on one aide, and therefore 
a much longer portion than usual Oit the otiicr aide. ^ ^ 

*' ill the majorilv qf apecirnenm examinedi H ts the lell UfClrf that hia thij grcatcal relation 
m the vidiTM, and iiis occaakicially found cress in j; the middle line of die vagina, * . - It must 
not be foiRutten, however, thiu decawnnaily the pniiHon tniiy be renewed. 
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bv radioEraina taken (i) after the intravenoua injection of diodone^ which is 
excreted as a radio-opqiiK substance in the urine (dpccnding or excretion pyelo- 
Etaphv^ ■ or (a) after injection of sodium iodide solution introduced into the ureirr 
K teiow by means of a umteric catheter passed through the opemting r^s o- 
scope (p t+Sq) (ascending or rorafp-adc pyelognphy). The resulting pl*"*"- 
Srh termed (PI* XXXIj* The cupping of the mmor ^yces by *5 

^^ecting renal papilla: should be noted as ft may be absent m pathological condi- 
tions^ hytironephroais+ 

StrucluT« (fie* 1231> —The ureter is composed of three coat* : fibrous. lOuacuW 

j^oiri coat is continuous at one end with the fibrous capsule 
the floo/of the rennl sinus : while at the other it i» lost on the wall of the bladder. 

The imufvlar tout in die pelvis, calyces and upper iwo-th^s of the ureter c®"***^ 
of two Isyent. an inner lorgimdinal imd an outer circular, ^'hc J’X” 
above at tbe attachment of the minor calyces to the EL rte 

muscle in this region beenmea prominent and forms nn(P 
papilW; the periodic contiactions of this muscle may have the cfleet 
the papilla: and^ucering urine out of die ducts of Bellim. In ihe lower thi^ ^J*e 
ureter; an additional outer longitudinal musculo layer is added, and the inner lon^ 
tudlnal layer beenmes less dUiinct. In its oblique pas^e ibrough die wall of the 
bladder the muscle is arranged entirely m a longitudinal diTeCtian, and this, on 
contraction, has the effect of keeping patent thb part of the ureier I he tnu scle «a t 
of the ureter ia not corapacily arranged as in the rntestme is mfiltnited by connw 
tive tissue derived from the mucous and fibrous coats, hurthermore. ^ m the rase 
of the urinary bladder, the muscukr coats dcacribed above mtemnngte to such an 
extent that they eannol be separated into three dearly defim^ simta. 1 he museular 
cost of the ureter undergoes peristaltic cotstractions progtesaing dnvmwaids from the 
pelvis and calyces , they ptupd jets of urine into the blndclcr at the rate ot 4 or 5 

^”*'rbe mbcoHi foeit is smooth, and presents about six longitudinal folds w_liich ^omc 
effaced by distension, ft is continuous with the niucoBS membrane of the hlodder 
below, whi le i t is prolonged over the papilla; of the kidney show. I t conai us of fibrous 
tisaue (untoininE many elastic fibres, and covered with transitional cpithclmm, 4 or s 
cells thick in the ureter and 2 or J cells thick in the pelvis and calyces. No tlistitict 

''’''^r*^(OTVi*tupplyinB the ureter ore branches from the renal, testicular (or 
ovarian), intemal and common iliac and inferior vesical arteries. A good ansstomosts 
exists between these arteries supplying different parts of the ureter. 

'Ihe lymph vtftch of the ureter are described on p. 006. 


The ntrve$ (p. tat? and fig. 999) are deriyedfrom the renal, aortic, and superior 
and inferior bjTOgastric plexuses ; thtwiidt these plexuses fibi« are derived from the 
lower three thoracic and fust lumbar, and the second to the fourth sacral, sclents 
of the spinal «>rd. Small ganglia and imlated ganghon-cells are found in the fibitms 
and muscular ixials. 

Applif d Analomy\^ln rmtl colic pain is experienced io the cuuneous areas inner- 
vated from those segments of the spinal cord which aUo supply the ureter. It Com- 
msneea in the kun in tlte area supplied by the tenth thoracic nerve and shwts down¬ 
wards and forwards to the groin, affecting in succession areas supplied by the eleventh 
snd twelfth thoracic and the first lumbar nerves. Finally, it shoots into the testis of 
ilie same tide. Irritation of the genitofemotal nerve, which supplies the cremM^r 
muscle (p. 593), may cauie contiraction of the muscle and consequent retraction of the 

testis. 


The Uwsasy Buppir [Vesicx UjuKAhtA] 

The uriiiary bladder (fig. 1232) is a sac which acta as a fCMrvoir for the urine ; 
ill sire and position vAry with the amount of fluid that it contains, and also with the 
state of distension of the neighbouring viscera. ” 'Hw mean capacity of the livj^ 
urinary bladder in the male adult is 220 c c,. varying from 120 c.c. to 320 c.c.” • 
Conwiionly the bladder is emptied when it contains about half-a-pint of urine 

^*^\Vhcn the empty bladder is firmly contracted, it presents the form of 2 flattened 
tetrahedron. Tt has a base or fundus, an apex, a superior and two inferolateral 
■ A. Rslph Thampion.J. 4 nat., 53, 1919. 
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SPLANCIINOLOGV 


tiurfaces and a neck. The base U triangular in shape, and is directed downwards and 
back^vards. The ape^^c is directed fonvards towards the upper part of the Bj-mphyais 
pubis, and from it the median umbilical ligament (urachus) is continued upwards 
on the back of the abdominal wall to the umbilLcua ; the peritoneum folded over this 
ligamcnE forma the median umbltical fold. The supmor suFfafe is triangular ; it is 
bounded on each side by a lateral border (running from the ureter to the apex), 
which separatee it from Lhe inferolatcnil sutface, and bobind by a posterior border, 
represented by a line joining the t^vo ureters, which intervenes between it and the 
basal aspects' The in/trolatfrai are directed downwards and laterally 

tow'ardi the pubis and pelvic walls. Jn the male the nfck of the bladder rests upon 
and ia in direct conttnuit>' with the base of the prostate; it is pierced by the internal 
urethral orifice. Jt is subject to but little alteration in position with varying condi¬ 
tions of the bladder and rectum, and lies a little above the plane of the pelvic 
outlet. 

Relations of nie Ewjy Hl^uer 

In the male (fip. ta^i and 1255). 

The is related to the recttim but h separated from it in the extreme upper 
part by the rcctO'vesical pouch of peritoneum (p* 1402)- Below the peritoneal 
reflection, which b about 7-5 cru* from the anal orifice, the seminal vesicles and 
terminal parts of the deferent ducts separate the tw'o viscera. In the triangular 
interval betw^etn tJi,e two deferent ducts^ the bladder and rectum are separated from 
one another by the recto-vesical fascia only. The lower part of ihls triangle may 
he oblitcraicd wheiu ^ often happens^ the deferent ducts conic inti> mntact one 
with ;! not her some distance above the prostate. 

The superior furface is covered completely with peritoneum continuous with that 
of the recto- vesLcal pouch behind and of the paravesical ross;^ (p. 1404} at the sides ; 
In front-, tlie peritoneum passes on to the posterior surface of the anterior abdotninaJ 
wall and, where it covers the median umbilical ligament, it forms the median 
umbilical fold* The superior surface of the bladder is in contact with the sigmoid 
colon and the terminal coils of tlie lleumH 

The inferir-lateFiii surfaces^ anteriorly, arc separated from the pubis aod the pubo- 
profitatic ligaments by a mass of fatty tissue temied the retf&~pubk pad ; behind this 
they arc separated by fascia from the Levator ani and Obturator intemuB muscles. 

7 ‘Af Tieck ia related to and fused with the upper surface of the prostate. 

In the female (fig, 1^35)- 

The base is related to the anterior w^atl of the vagina^ 

The superior surface is covered with peritoneum over most of its extent. Near 
the posterior border the pcritoncuiti is reflected from it to the anlero-infcrioT 
surface of the uterus at the level of the iutcmal os [p. 1513)+ I’he peritoneal recc^ 
which flcpcnites ihe bladder from the uterus is termed the vesico-uteriise pouch. 
The posterior pan of the superior surface h devoid of peritoneum and is separdted 
from the supravaginal portion of iht cerv^ix of the uterus by fibro-areolar tissue. 

The itiferakteral mrfaees liave rebtions the sansc as in the male except that tlie 
pubo-prostatic ligaments arc replaced by the puho-vesical bands. 

The neek is related to pelvic fascia which surrounds the first pan of the urethra, 

Tm POSJTtGN OF TUB BjJIDDER 

Wlwn the bladder is empty it is placed entirely within the pclvisp below the level 
of the oblitiTaicd uinhibcal arteries, and of the pE:»rtinns of the deferent ducts 
which arc in contact with the lateral wall of the pelvis. 

As the bladder fills, its superior surface gradually rises into the abdominal cavitv* 
carrying with it its peritoneal coverioR, and at the same tinne rounding off and finally 
obliteraiing the posterior and latcrd borders. When the htadder is distended it 
assuinea an oraid form, the long diameter |>clng directed upwards and forwards. 
In this condition it presents a posicrosuperior, an anteroinferior and two btemJ 
surfaces, a boscp and a summit s owdng to the obliteration of the posterior and 
bttmi borders the four surfaces are not aharply marked off from one another. The 
poflleroatiperior surface is directed upwards and backw-ards, and i& covered with 
peritoneum; its posterior part is separated from the rectum by the recto-vcaical 
pouchy w hile its anterior part is in contact with coils of the small intearine. The 



THE POSITION OF THE BLiVDDER 

Fta. 1x34.—A uflitiil Bcciicrii ihrcKg^ the petvit of « ncw-twrti mate child. 
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Mifritsinferiot surf^ace b devoid of peritoneum, and rests against the pubic bones 
and ihc posterior surface of tbe anterior abdominal The Lower parts of the 

lateral surfaces are destitute of peritoneum^ and are in contaci ^rith the kieral wsLls 
of the pelvbn The line of peritoneal reflection fmm the iateraL surfaces Is raised to 


FlOr 1^35.—A mi^dMtn sagittill section ihrauab the femati: pelvis. Hhc |?rnTiPiH:uTn 

is ahown in blue. 
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the level of the obliterated umbilical artcria. The basen being more or less fixed, 
has the same relations ax ihat of the empty bladder, the level of peritoneal reflcctioD 
from ic undergoing little or no change. The suminit of the bladder is direi^ed 
upvfards and forvk'arda above the point of attachment of the median umbilidJ liga^ 
ment, and hence the peritoneum, which follo^vs lltc ligament, forms a pouch of 
varying depth between the summit and the anterior abdominal walL 

In the female, the full bladder raises the utenis into a more erect position 
{p. The postemsuperior surface is separated ftoin the body and fundus of 

the uterus hy the vc^ic^>-ulerine pouch and below this is in contact with the cervix 
uteri and the upper part of the vagina. T^he relations of otlier surfaces arc similar 
to those in the male. 

In the new-bom child (%. 1334) the inlemal urcihral orifice is at the level of the 
upper border of the symphysis pubis i the bladder tlicrefore lies relatively at a much 
higher level in the infant than in the adiilL Its imterior surface, devoid of peri¬ 
toneum, is in contact with about the lower two-thirds of that part of the abdominal 
wall which lies between the symphysis pubis and the umbilicus (Sy-mington *)> 
Ita postvro-superior surface is clothed with peritoneum as far as the level of the 
inicmal orifice of die urethra. Although the bladder of die infant is usually 
described as an abdominal otgan, Symington pointed out that only about one-half 


Fic, The Ulterior of the hlAcldrrL Viewed ffom in from. 
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of It lies above the plane of the inlet of the pelvis, 'llic iiuemal urethral orifice 
sinks rapidly during the tirst three yesirs of life, and then more sWty until the 
ninth year, after which it remains amiiomn' uniiJ puberty, ivhcn it a^in slowly 
descends and reaches its adult position. 

Ligaments.—Each side of the bladder Is connected to the tendinous arch of the 
pcivtc fascia (p. 603) by a conderwtion of fibro-ai^lar tis^c v. hich is often tenned 
the lalmif mie tigament of tlie bladder. Anteriorly the same tissue forms two 
thickened bands, on each side of the median plane, icrmcd the laicTal and medial 
pubo-prostaiic ligaments* The htfral pubi>^pTostiitic ligament extends from tlie 
anterior end of the tendinous aich of the pelvic fascia downw^ards and mediallv to 

*Th€ Anaifmiy af tht ChiU- 






TI^[E STRUCTL-RE OF THE BLADDER 14^7 

blend with the upper part ot the sheath of the pratat^; the mrdhl fiafn^prcitsti^ 
{ig<mr*tr is attached to the back of the pubic bone near tJ\c middle of il\c ayinph>^ia 
atid passes dovi''Dwards and backmrds to the sheath of the prostatCp formiii^ the 
floor of the retro-pubic space. In the ftuude sLmikr bands arc tertned puh~rrsical 
hgaments. ITie apfX of the bladder is joined to the uinbElicu!i by tfie rctnaina of 
the urachus^ which forms the malian UftthUf^nl Itgamsni. 'Flic lumen of the lower 
part of the utachus persists throughout life and is lined by modified» transit 
epithelium. It may communicate with the cavity of the bladder.* As the veins of 
the vesical venous plexus stream bickwards from the lateral borders of (he base of 
the bladder 10 join the internal iliac veLna, they arc enveloped on each side in a band of 
(ibro-arciplar tissnewbich is sometimea termed the pfistmor iigitmrnf of the bladder. 

From the superior surface of the bladder the peritoneum is carried olf in a series 
of folds which ate sometimes termed the false ligaments of the bladder. Anteriorly 
ihcrc ore three folds : the median umbth'^i fald on the median umbilical lij^ament. 
and two itmbUkai fofds on the obliterated umbilical arterifs {fig. i tbj). The 

reHecdons of the peritoneum from the bladder to the side walls of the pelvis iorm 
tlic lateral filfle Ligaments while the sacrogeiiital folds (p, 1+04) constitute the 
ptjatcrior false ligaments. 

The interior of the bladder (fig. —^The mucous mcmbnuic which lines 

the bladder is, over the greater part of the viEcuSp loosdy attached to the muscular 
coat^ and appears folded when the bladder is contracted : the folds arc effaced when 
the bladder is distended. Over a small triangular anea^ named the trigone of the 
biaddtT^ inmediatcly above and behind the internal orilicc of the iirethTa+ the 
mucous membrane is firmly bound to the muscular coat» and ts ahvays smooth. The 
anterior angle of the trigone is fornicd by the internal orihcc of the urethra i its 
posterolateral angles by the orifices of the urcterf^ The base of the trigone is formed 
by a slightly curv'cd ridge, termed the intewuretertc which connects the two 

ureteral orifices and is produced by the continuation into the bladder-wall of the 
inner longitudinal coats of the ureters. The lateral pans of ihia ridge extend beyond 
the openings of the ureters ; they are named the anfme folds and are ptmhiced bv 
the terminal portions of the ureters as they run obliquely through the bladder-wall. 
When the living bladder is examined with a cysiDscojK the intcrui^teric ridge 
appears aa a pale band, and forms an important guide during the operation of intro¬ 
ducing a catheter into the ureter. 

The onfieei of the nretm are placed at the poaicrolatcral angles of the irigonc al 
the bladder, and are usually slitdike in form. In the contracted bladder they are 
about 2'5 cm, apart and about the same distance from the internal urethral orifice ; 
in the diatended bladder these measurements may be increased to about 5 cm. 

The mternal urethral orifir is placed at the apex of the trigone, in the mc^ 
dependent part of the bladder, and u usually somewhat crescemic in form ^ in 
the adult male, particularly past middle age, the imimus membrane immediately 
behind it exhibits a slight elevation, caused by the median lobe of the prostate and 
termed the uvuia 

Stnicl lire ffiu. i a j 7).—I’hc bladdc r it composed of thret coats : scroua, musculir 

The serous eoot is a partial one, and is denved from tht pentoneum. Tt uivcsu the 
superior 5utfac^^ and the upper pans of the lateral surfaces in both sexes and, in the 
mole the upper pjrt of the posterior surface in additioii. - r ■ 

The musculor eoat, which constitutes the deifutor fnmeie, coiuisls of thrw layeis 
of uoatriptd musirulttr fibres ^ an ejctcrrial and an intemd of longitudinal fibres, and 
m middle of dmilar fibres. As in the case of thv ureter (p. 14^2). ihenc Is much int«^r- 
minfiling of the mu-sric fibres in these layers, so that they cannot be separated itiEf] 

three clearly iicflned strata^ . , , r 1 1 

The fibres of the external kngitudwul layer pass in a more or less lonmtudrna] 
manner, along the itiffiTolatcraf surfaces of die bladder, over its epex on to the superior 
surface, and then descend over the base to become attached to t^ prostate and 
capsule in the male, and to the front of the voBitia m the female. of the lorigi- 

tudino! fibril are carritxl on 10 the frant of the rectum, and are named the Rfctmesieoi 
fwujf/r, f)ihcrs tnaverre the mediid pubo-pfwfitatic ligaments and are attached to rhe 
hyvrer part uf the pctsHc surface of the pubis on each side. Tlwy are Atimetiinea feirned 
rhL Aim rrirfd musrkf. At die sidd of the bladder the hbres are arranged oblniuely 
and intcnsecc one anodter. 


• R. C- ncjw. 7 - rirtinf., 64. 
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fibre* of die rniddir ciVoifijr iay^ ik very thinly $nd irre|fu*arly pattered on 
the body of the organ, onjii although to iofne cieient plated tnnsverse to iw long oxia^ 
are for the moat pjiri arranged obliquely^ Towards the lo^cr part of the bladder they 
ai>t di^jaostd in n eirvulnr forming the jyjfi/jjncfrr wliich Burround^ tht 

internal urethml orifice. Its hbree arc conttnuoua with prostatic muscle fibres which 
rndixle the proximal part nf thfi urethra. 

The wirerod iny^r is thin+ and its fascicuh have a rcuraW arrangement 

but with a tendency lo awtime for the most part p langjtudinjiJ direction. 

Tw'o bandfr of oblique £bres, originnling behind the orifices of the ureTerat con¬ 
verge to The back part of the pmatare, and are inserted by mean* of a fibrous proceei 
into the mEdino lobe of the organ. They are the muulei o/ fAe urefirj, describi^ by 
Red, who suppiawd that during the contraction of the btudder they serve to retain the 
oblique direction nf the ureters^ and so preveni the refluK of the urine into thein. 
lliert h tm musculoriB nuisywig: in the bladth-r tvsll. 


Fig. Iajy*—'A vertical uctien through the wall of the bladder fhumati). 
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Jiitrt* 


llie murt^ux aiat is ihin^ etnooth+ and of a pole rt»e colour. It is continuous above 
with that of the ureters, and below with that of the urethra ; the epithdiuin coverini 
it is of the tnuistbonal variety, lllc loose texture of the mucous layer aUows the 
mucous coat to be thrown into folds or when the bladder is empty^ Over the 
tngonum vesicae the mucous mcmbrunc is closely attached to the muscular coat, and 
ifl not throwm into folds, but is amoDth and flat, ITfierr pre no true glands in the 
mucous membrane of the bladder, though certain luucoiis foUSde* which exist, 
especially near the neck of the bladder^ have been regarded as such. The transiti^mal 
epithelium of the ureter and bladder con^ins alkaline phosphatase, though the signi¬ 
ficance of this is noi clear, Tmnspkntadon of pieces of bladder epitheljym into the 
sheath of the Rectum abdominis muscle induces the fortUBtion of bone in that site,* 
but Johnson and McSrlinn t suggest that apart from alkaEine phosphatase other fsclors 
may be invnJv'ed in the induction of thU heterotopk bone formation. 

Vnseis and Nerve*.—The priodpal artenei of supply to the bladder are the 
superior and inferior vesicaL derived from the anterior trunk of the internal iliac 
artery. The obturator and mferior gluteal artetfes also send small branches to it, and 
in the female additional branches are derived fnm the uterine and vaginiil arteries. 
The v€iiit form a complicated plexus oti the inferolateral surfspc* near the prostate, 

* C. B, Huggins, ^rr*. OrtcoiCa, 1951, 377. 

f F* R- Johnion and R. M. H. iMcMiEm, Liwuf^ 90, io6. 
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FlC. I¥3&>’—"ITw rnal-c urelii™ Iwd open ®ii 
anterior (upp«T> uuxfdce. 


and pas* bKltwntdi In the posterior Bitaniefits of the bladder to crid in the iuieitml 
iliflc vcins- 

Thc irmph are described on p. ■ ■ r: 

The of the bladder we (i> parasympothetic hranche^ compming rtne 

tncdulUred hbrcfl from the second, third, and faunh tacral nones, and forming 
synnrMB with gangtion^cellfl in the outer and mucous ccjats. and (a) synsMthetir 
fibres, llie pregafiglionic fibres are mcdpllated and aris4; fmm the loM^er two ihonicic 
and upper two lumbar seKfnenht of ihc spinoi cord, and pasairtg in the white rami 
commumimtitcfl thet' reach the sympathedc irtink w hich they iravcnL ^.llimiT ititer- 
mption. ITicy leave the trunk and pass to the superior hypo«asinc plexm and here 
fonn 5 %™ps «5 in ganglia. The postganiiNontc hbra of both s>Tnpatheiic and para^ 
sympathedcs arc non-mcdullaieti and are diwributtd to the muscular layer and epi- 
theJial hning of the viscua. 'I'lie ftinetions of the par»yiripaihctkc and avrapathctie 
nerves supplving the bllad.de r are described on p^ i 23^ t. 

Applied yffTOfoffliy'.—When the bladder ii distended, it may bo ruptured by violence 
applied to the abdommiil wall, without any injury to the twny pclvpa, or it may be 
tom in eases of fmcture of the pelvis. Tlic mpiure may be either intrapcnlonenl or 
cs:traperitDiical; thet ia, may unplicatc supenor surface of the bladder m the 
formet case, or one of the other auHF&cefl in the latter, ^ n.- i i 

The miuicukr coat of the bladder imderfiocs h>'pet^'f>P^y caaes in whieh there 
is any obatiuction lo the flow' of urine. In ^esc chnm^t^cea the bundles of which 
the muscular coat cnnsisia become much increased in and, interlacing m all 
directions gj%e rise to what la known as the ttahcfuhtfd hiadder. ^ tween these 
muiscubr bundles the mucous memhnirw may bulge out, forming wtctuU, consntuiing 
tPv^ttnda &J thehliiddif^ and in these little pouches pliospbatic concretions may collect, 
forming eneysfed cniculi. 

The interior of the bladder 
can be examined with the cysto- 
scope. This insmiment ennsisTs 
of a tube in which is fixed x 
small electric light, the wires 
of which nin ihrouiih the 
shaft of the inatrument. When 
Lt is introduced along the 
urethra after distending the 
bladder with fluid the interior or 
the viscus can be examirtcd with 
the eve. The orifices of the 
u retell can be esnmined, and 
renal hoematum diagnoacd, ond 
it can be definitely settled from 
which kidney the blood comes. 

A special cystoacopc can be used 
fo catheterise the ureter, for the 
purpose of obtaining a specimen 
of urine from either kidney, or 
to ascertain the conditiort of both 
kidneys when it ii proposed to 
remove oiWr The outline of the 
bladder can be demunatmted by 
radiography after lillJng the 
cua with aodtum iodide solution 
introduced through a catheter. 

Puncture of the distended 
bladder imiy be performEd jtist 
above the symphysis pubis 
without wounding the peri* 

TnneumtBuprapiibkcystcHtErtfiy). 

When the bladder contains sbK^t 
three-eiuartcra of s pint of fluid, 
its anterninferior surface is in 
contact with the anterior 
abdominal wall, without the 
intervention of perironcum, for 
about three Indies above the 
pubic errata 

Access to the bladder, for the 
purpose of removing calculi, is 
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i4go 

flImHikst alwny^ cffirctcMl by the BQpmpubic route, the perinenl operation bcipfi nmfy 
In tiic fcmalet owing to the Bhottnes* of the urethra and its ready dilatability, 
calcLili and foreign bodies and new growths^ when of small size, may be removed 
by the nnrlhml mute, Over-ddalation of the female utethm may cause incantinence 
of urine. 

The conjitnital obnormaHties of the bladder are dcsctibed on p. 221, 

Tirj^ UitHTifRA f%s. 

'Fhe mnle ureihra, from iS cm, to zo cm, long, extends Irom the btcmal 
iirctbiu] orifice in the urinary bindder to the external urethral orifice at the end of the 
penis, ft is divided into tJirec portionSj VJ 35 , protta^k, ntfmbranoas, and Fpongy, and 
presents tt double ciir\^c in the ordinary flaccid state of the }»ms (fig, 1232), Except 
during the passage of fiuiiJ along it, tlie urethral canal is a men: slit or cleft; in 
the prostaric portion the slit is transversely arched; m the membnimous portion, 
irrtguhy or stellate; in the spong)^ portion, transverse; while ai the external 
orifice it b sagittal. 

The prostatic portion^ which is the widest and mo^t dilatable part of the 
uretlira, is about 3 cm, long, and runs almost vertically through the prostate from 
its base to its apex; it lies nearer the anterior than the posterior surface of the 
prostate, ]i is widest in the middle, and b nirrowesi bcloWf where it joins the 
membranoua portion : on transverse section it ia crescentic with the convejcity 
directed forwards, 

Iia shape on section b due to the presence on ihc posterior w'nll or floor of a 
narrow'median longitudinal Hdgr formed by an cles^tian of the mucous membrane 
and its subjacent tissue termed the urtthnil (fig, 1243). Qn each side of 
the crest there is a shallow' depression, termed die frrosSaik the floor of 
w hich is perforated by the oFtfiiFi of thf proit<itic dwrtj, ,\ear the middle of the 
urethral crest the £o[li£Miia forms an elevation on which die slit-like 

orifice of the prostatic utrielc is situated ; on each side rtf, or just within this orifice 
there is the small opening of tlie ejacukiory duct. The pmtatic uirktf ia a cuLde-aac 
about 6 mm, long^ which runs upwards and wards in the suhstance of the 
prostate behind the nicdiaii lobe. Its vvalb ere composed of fibrous tissue, muscular 
fibres, and mucous membrane ; the latter pnricnljs the openings of numerous small 
glands. It is developKfd from the united lower cads of the paramesonephrie duels, 
and is tlimight to be homolcjguus with the vagina of the female (p, 211), 'Fhe 
ejaculatory ducts am descrihed on p* 149^, 

The membranous ponton is the shortest, loisl dilatable, snd^ with the excep¬ 
tion of the external orifice, the narrowest part of the urethra. It runs a shghtly 
curved course dow nwurds and forwarils from the ptxMtate to the bulb of the penis 
(fig. 1232), perforating liie perineal membrane about 2-5 cm, below and behind the 
pubic symphyais- Tlie hinder part of tlic bulb of the penLs lies in close apposition 
with the perineal membrane, but, in front of where the urethra enters, it is slightly 
separated from this fascia that the anterior wall of the membranous urctl^ is 
prolonged for a short distance below the perineal membrane before it reaches the 
penile bulb ; it measures about 2 ctn. in length, %vhilc the posterior wall ia only i -25 
cm- long. 

The membranous portion of the urethra b surraunded by the fibres of the 
Sphincter urethra: (p, 609). in front of it the deep dorsal vein of the penis Cfilers 
the pelvis between the transvense perineal ligament and the arcuate ligament of the 
puhj^ ; the bulho-umhral glands an? placed one on each side of this portion of 
the urethra. 

The spODgy portion is contained in the corpus spongiosum penis (p. 1501J. 
h is about ts emn long, and extends from the end of the membranous portion to the 
external urethral orifice on the gians penis. Commencing below the perineal 
membrane it passra fcrw'ards to the front of the low^er part of the symphysis pulns ; 
and then^ in the flaccid condition of the penis, it bends downwards and forwards. It 
is narrow, with a uniform diameter of about * mm, in the body of the penis ■ it is 
dilated at its commencement to fotm the inirfiLulbar fmsu, and again within the glana 
penial where it forms ihc/wim ffaT.icu/fifj-jj. The ctilaigement of the intrahulbar fossa 
affects the floor and side-walls hut not the rodf of the uretJim, Tlic bulbo-urethral 
glands open into the spongy portion of the urethra about a-5 cm, below the perineal 
membrane. 
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Th« fxifrnai ufrthrai irrijict is the narroivcat part of the urethra t it is a ^agittaJ 
eUl, about b irurj. long, hounded on each aide by a amall Ijbium. 

The lining membrane of the urcthrAp except m the moat anterior part of the tubOp 
presents the orifices of numerous small mucous glands and follicles situated in the 
ffubmueous tissue, and named the urethral glands. Bcaides these there arc a number 
of small pit-like recesesp or luam^, of vanning si^es; the qrificca of tlscw are 
directed fofiAitrds, and may intercept the point of a catheter in its passage along the 
canal. One Ucuna, larger thdn the rcstp is situated on the upper wall of the fossa 
mivictilaris ; it is called the lacuna magna. 

Sphincters.— Two sphincters surround the urethra^ an inicmal and an external. 
The internal sphincter, or Sphitirter ucsiar (p* 14^), controls the neck of the hlatlder 
and the prostatic urethra above the opening of the cjaculatim' ducts. It is in¬ 
voluntary and is supplied by the sympatheitc [the preganglionic fibres arising fn^m 
the lower thoracic and upper lumbar nm es). 'ITic csten^a! sphinctcPp or Sphweirr 
urethra' (p- 609), surrounds the membrjonus urcthna and crin^iiiifi of striped muscle ; 
it is supplied bv the perineal branch of the pudendal ner^e (S. 2p 3 and 4) and is 
under voluntary- cofilrol after early infanc)'. 

Structure.—The urethra is composed of mucous membrane, aupported by a 
ffubmutous tissue which connects it with the viuioLis structures through which 

iX - 

The muemit vttJt^ctut oftheurethfai* continuous intcrjiylly with that oftbc bladder, 
»nd eitemally with the skin covering the (flarn penia ; it is pTolonged into the ducts 
of the un:tht4j, bulbo^uirfhral and prostaiic bIhuUs, and intu the tfefcrenr ducts mid 
TTWiinal vcsicle^, ihrotjgh the ejicuitfUirv' iloci*. In the spungy *nd membranuu* 
portions of the uretbrs. it is irrungcd in longitudinal folds when the tube U empty. 

papillie arc found upon it, near the citcntal urethral oribce ; its epithelial lining 
is of the transitional vsticEV a* far as the orilice of the ejaculatory duct; thereafter it 
is of the columnar variety, usually two or three layert deep, escepl neat the eitemal 
Utethnl orifice, where it is squamous and ttradficd. - t- v - 

The ruAmwfoiw fume consists of a vascular erectile layer ; outiide this there i* a 
layer of unstriped muscular fibres, ammged into an inner longitudind and an outer 
circular layer and beat mai^d In the prostarie and membranous poroatis. 

AftVftmfiim.—Accumulation of urine in the bladder is accompmued by modifica* 
bon of tone of the detrusor muscle so that the intravesical tension does not rise peatly 
Uftiil a considerable filling of the bladder has occurred. When the tension in the bladder 
rises sensory nerves are stimulated, the desire to micturate is felt and, if neglected, the 
seftsation of fullness of tlte bladder and finally pdn will supervene. These senaationa 
are accompanied by thythmic mflett contraettona of the detmaor muacie. Until 
mjeturition is initiated, voluntary restraint is exerdsed by coincident inhibition of the 
detrusor and contraetion of the Sphincter urethras and the penneal muscles.* Them 
u no evidence that the isphincter vesiem is under voluntary control but a reciprocal 
increase in lone of this muscle stcamipaniw rdaacation of the detrusor. ITie first stage 
of the act of micturition is a relsxation of the perineal muscles, except the Sphiiitter 
uiethue and a contraction of the muscles of the abdominal vrall. This is folio wed by 
firm eontrmcttcici of the detrusor muscle and relaxation of the Sphincter vcsie*. The 
fioiv nf urine begms on subsequent relaxiHioii of the Sphincter urethra:, the bladder 
being emptied by the contraction of the detrusor assisted by the action of the muscles 
of the obcJominal will which raise the intro-abctnniiiial pressure. As the an i, com¬ 
pleted, the bladder muscle relaxes and the Sphincter vestoe contracts. Finally the 
Sphincter urethras is closed and. in the male, the lasidmps of unne areeipcUed from 
the bulbar portion of the urethra by the action of ilw BuWxicavenioati* niuseic. 

During ejaculation, the Sphincter vesic*, as well as stopping the escape of unne, 
.1./, prevents the regurgiuitiott of the semen into the bladder. 

AbftHfd ..ifloiDJnv.—The urethra may be ruptured, in which case eitravaMtion of 
urine will occur if micturaiioFi be attempted. Extravasation most frequently rakes 
nlace into the perineum superikial to the perineal membrane (mfcmir wsein at the 
utuctniral diaphragmh but deep m the mcmbranmi* la.wr of the superficial fe«ia. 
Both thciR- tavets of fascia arc attached fimily to the i-schtupubic rami, It is clear, 
therefore, that when extravasation of fluid takes pti^e between them, it ciwinut paw 
backwards because the two layers are continuous with vsieb other around the Super¬ 
ficial ttiinsverar perineal muscles ; it cannot extend laterally, on awokint of the con¬ 
nexion of these latere with die rami of the pubis and ischmm ; « caiintu find its way 
into the rabis. bk:ause the opening into this cavity is closed by the penneal mcm- 
bratic, and. therefore, so long a* this layer n‘mam» iniact, the only directum in ivhich 
the rtuid can make its way b forwards iiitn the areolar tissue of the scrotum and the 
• Definy-UrtVim, O., and Robertson, E. C., Hrmn, gfi, 14Q, Ifljy, 
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penis, and thtjncc csn to the interiar wall the abdornen. When die pelvis is crushed 
the urethra mav be njpluretV hetwtem the proslatie juid niembranoun parts ; the 
e^tnivasatirm of urine irhen takes place intt» the extrapcrifcsncsl basue nf the pelvis. 

Tiik Fkmale Urethra (fig. i^ 2 s) 

The female ureihra is about 4 cru. long and 6 min. i n diameter. Tt begins at the 
LDternaJ urethral orifice of ihe bladder^ opptjsiic about the middle of the symphysis 
pubis, and runs downivartls and fora^ards behind the s>imphysis pubist imhetJdi^d 
in tht anijcHar w/ thf It perforates the perineal mctnbnme and ends 

at ihe external urethral orifice, an anteroposterior slit w ith mtlier prnminejit margins^ 
ivhich is situated directly in front of the opening of the l agina and about Z’5 cm- 
behind the glans ditoridis. Except during the passage of urine the ariterior and 
posterior walls of the urethra are In apposition, and the lining membrane ia thrown 
into longiiudlnal folds, one of which, placed on (he posterior ivall nf the canals is 
termed the urtthral mst. Many small urtthruf and minute pit-tike rccesaes 
or iiicttttir open inio the urethra. Near the lower end of the urethra there are some 
?»fnall glands, which arc considered to be the homoluguea of the prcistatic gland nf 
tile male : on each side they are grouped together and open into a dtjct, named 
the fiamurrthrai duct, which runs down in the submucous tissue, and ends in a 
sman apenure on the lateral margin of the external urethral orifice. Develop- 
mentally4 the femule urethra carn^pohds 10 the part of the pmstatlc urethra ifi the 
male that lies proximal to the opening of the prostatic utricle* 

Structure,—'iTus fetnalt uredira has three coals : muaeular, erectile »nd mitcpUB^ 

"[lie mtismliir twt is continuous with that of the bladder; it ex sends the w^holc 
length of the tube, and consists of inner longitudinal and outer circular fibre$« 
.At the upper end of the urethra, the dreutar miiscle is ihiL-kcned and fomis ihc 
Sphincter vesac® (intpTTULt sphincter). In addition to this, just above the pcrinciJ 
membrane, f l>e femdie urethra is surrounded by the Sphincief ure three, ja in the malc» 
Tlic ivent-supply of these ttvo sphincters is tbe same as thot in the male {p. 1491). 

.A thin layer of spmt^ weft'le contaming a ptexu* of Urge veins ► intermixed 

with bundle* of un5triF*cd muficubr fibre*, lie* immedi&tely beneath the mucous cost. 

The mu€a{is cirai is pflle; it ia continuous Mtemally with that of the vulva, and 
inictnally with that of the bUdder, It i* hned by strAtlfied squamous epithejjcim, 
which bcconieia trAnAitional near the bladder. Its external orifice is sumninded by a 
few mueout follicle*. 


THE MALE GENITAL ORGANS 

'['he male genital organs include the and epididymides, the deferent durts^ 
the itminni vfsides, the efiicuIaioTy duets and the penis^ tether with the following 
seccasorx- slruelura, viz, the prastntr and the huiho^ureihml glands. 

The Testes 

The testes, the reproductive glands in the male, are suspended in the scrotum 
by the spermatic cords, the left testis banging somewhat lower (lalKmt 1 cm.) than 
itV fellow. The average dimensions of the testia arc from 4 cm. to 5 cm. in length, 
2-5 cm, in breadth, and ^ cm, in the anteroposterior diameter; its weight varies 
from 10 5 gm. to 14 gtn. Each testis is of an elLipsoidal form (%. 1239)^ compressed 
liitcrally, and has m oblique position in the scrotum ; [he upper cxiremit)' is tilted 
fortt^ar^ and a little laterally ; the lowers backward* and a Ihtlc mediaXly. The 
anterior border is convex^ and looks fonvards and downwards; the posterior 
btirder, nearly straight, lofiks haedewards and upwards and to it the spemiatie cord 
is attached. 

The anterior border, the medial and lateral surfaces, and the extremities nf the 
testis^ are convex, free, smooth^ and invested by the visceral byer of the tunica 
vaginalis {^de infra), ITur posicrior border receives only a partial" in vestment from 
that membrane. The epididymis lies along the lateral part of die posterior border. 

The epididymis consists essentially of a tortuous canal which forms the first 
part of the efferent duct of the testis. This canal b folded on itself and tightly 
packed into the form of a long, narrow, flattened body attached to the lateral part of 
the posterior border of ihc teatis. It consists of a central portion^ ; an upper 

enlarged end, or head ; and a lower pointed end^ or iaiL The head is intimately 
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connectwi with the upper end of the tcatia by nwans of the efferent ductujea of t he 
eland * the tail is conneqtcd wilh the lower end by areolar ti^c and a reflection of 
the tunica vaMalis. The lateral surfaces of the head and tail of tlie epididym w arc 
free and coveted by the tunica %i*3iinaliB ; the body Is aUo invested by it, at its 

posterior b«>rder. A recesa of the tunii^ v nginalia. named the smus of the epidtaymt, 
between the body of the epididymis and the lateial surface of the tes^ 
r/ie tipptudegfs of ihs fetlis astd epididymns ,—On the upper CKtecmity of the 
testiSp just beneath the head of the cpididymiSp there is a ininutcT s^&ile y* 
termed the app^di^ of tisiu ; it ia the renmani of the upper end of the para- 
nicsoncphric duct. On the bead of the epididymis there is a ^nioUp silked appen¬ 
dage fsomedmes duplicated); it is named the appendix of the epididymis, and is 
usuallv considered to be a derivative of the mesonephros. 

llie testifi is inveafed by three tunica: the tunica irajpnalis, tunica albu^nKi ana 

tunioi vaaculoss, ^ ^ , 

The tunica vaginalis (figs. 1239, 1^44) the lower portion of the pr^caatw 
iginalia of the peHioncum, which, in the fectuSp preceded the descent of the testis 


vai 


t'lc. —The riirht it^tts. Eicpomi by laying ofien the 

lAicrjtl p®rt of th# ujnjcii v&ginHUir 



fmm the abdomen ifltn ihc acroiutn (p. 214)* After tJie iMtis has rea^^ed ihe 
screlum the upper part of the praecssua vaginalis, vus. from the deep m^mal 
to wthin a short dlsiam.-e of the tcetis, conlmcta and uadereoca obliteration. 'Hw 
lower portion mmains as a closed sac. which invests the surface of the testis, and is 
reflected on to the internal surftiM of the scrotum; hence n may be described as 

consisting of a visceral and a parietal , , , . 

T 1 « visetrat lavfr 0)«re the lateral and medial surfaces and the antenor ^er 
of the testis, but lwv« most of the posterior bo^er unco%'cr«l. At the tncdisl side 
of the posterior border it is leflected forwards to become contiimous with the pane^ 
kvS Tt the lateral aide of the posterior border it la reflected on to the media aspect 
oUhi epididjmis, lining the sinus of the epididymus, and then over its lateral aspect 
as far as^itsposterior bo^er, where it is reflected forwar^ to become continuous wi^ 
the parietarUvcf, The continuity between the viseetal and parietal layem i* estab- 

lish^alBoattheuppcrandlon'erpoteofthe but at ^ upper pole the 1 i^wal 

lam covers the uiper surface of the head of the e pididymis before br^ng 
" The parietal layer m m&re cstengivc t\vm the vwccml ? tt reachra below the 
tcstklnd eatenda upiinnis for some distance in front and on the mc^al side of the 
cord. The inner sorfa« of tlie tunica vagmil^ is smoodi. and covered 
JSihThrtr of mesothelial cells. 'Fhe potential space ^tween the visceral and 
oaricwl livers constitutes the cavity' of the tunica ragii^. 

Tn he embrs'o, the gonad (testis or ovary) projects iniii ihe c«W cavity and 
is covered by germinal epithelium r some consider that even m the adult the testis 
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(Uke the Dvorv) h not cuvcrf.^ by true perjionuum, the l^yer of me^thetiurFi on 
the of the orgsin being the rcmmni of the ori^nal gemunaj epitheliumb 

The tiifiiea vaginalis would thus be eoiisidcrcd to eonaist of a parietal byor only 
and m become conrinuous with the germinal epitheliujn at the poaterior border 
of the teatis^ 

I'jie oblitemted portion of the processus vaginalis may frequently be seen aa a 
hbrous thread in the anterior part or the spetmadc cord \ sometimes this thread may 
be traced from the upper end of tlie tngumal eansh whett it is connected with the 
peritoneum^ down to the tunica vaginalis ^ sometimes it k lost in the spermatic cord. 
In some instances the upper pan of the proc^ua vaginalis is not obliterated^ and 
the peritoneal cavity then communiaites with the tunica vaginalis \ in others the 
upper part of the processus vaginalis may persist but its lower end is shut off from 
the tunica vaginalis (p. 1496)^ 

The timtca Jilbugiaea forms a fibrous covering for the tesds. It is a dense 
fnemhrane, of a bluish-white colour^ composed of interlacing bundles of white 
fibrous tissue^ Jt is covered with the ATsceral layer of the tunica vaginaliSp except at 
the head and tail of the epididymis, and along the posterior Mrder of the testis^ 
where the testicular vessels and nerves enicr the glands It is applied to the tunica 
s^asculosa^ and^ at the posterior border of the testis, is projected into the interior of 


Fig. 1140.—A vemisl section through the tsuitia and epididiTniBi to phow the 
amangernent of the dueU ol llie iCstia itld the mode of famiation of ibe 
duttus defe^nj^ 
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the gland, forming an incomplete^ vertical septum, cahed the rnedimtinum usth 
(fig. 1244). Tim extends from the upper to near the lower end of the glands and is 
wider above than below. From its front and sides numefous imperfect sepia 
t€Stts\ are given off and radiate tovt^rds the surface of the testis, where 
they am uilu^cd to the deep aspect of the tunica albuginea. 'Fhcy divide the 
testis incompletely into a number of cone-shaped lohules. 

The bsAcd. of the lobuJcfi are at tJie suHacc of the testis, and their apices con¬ 
verge to the mediastinum. The mediastinum contains the vessels and ducts of 
the testis in their pa^ge to and from the substance of the gland,. 

The iiinica vascult»a ja the vascular layer of the tcaiis, consisting of a plexus 
of blood-vessels held together by delicate areolar ttssur. It lines Use tunica albu¬ 
ginea and dothcs the septn, and therefore forms an investment to all the lobules of 
the testis. 
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SiTucCuiT .—'The ixiverinsi of the testis consists of a lay«^r of [latiencd in^^thclEBi 
cells similA/ to those which lirw: the peritoneflil cavi^ ; by sfjine these mcsothclbil cells 
ttte consEdeted 10 be remnants of the Kcttniiml epitheliutn, Tlic fttanduloj- structorc 
of the lcsti$ consists of the 1obulc« of the testis [fi]?. l Z 4 oh number, in a sin«!e 

testis, is estimated to he between 2cw imd joo. They tiiffer in siKe occording to their 
position, those in the middk of the testis being larger and longer. Bladl lobule 
coomins from one to three, or more, minute cattvnluted tubes, tcmicd the convoluted 
seminiferous tubules rofflfi^rtijr When the tubules have been un¬ 

ravelled by careful dlsseedon under walcrg they are seen in cpfomencc either by free 
blind ends or by amslomotk lonp^. They are supparted by loose connective tissue 
which contains here and there groups of iniettfiiiat feifi (fig. li+i) containing yellow 
pigment granules, Tlie total number nf tubules in eajii iestis is wtimated to be 
bctvTco 400 and 600, ^nd the average leniftb of each Is 70 cm. to 80 cm. llieir 
diameter varies from o ra mm. to 0 j mm. The tubules are pale in colour in early 

Fm, 1241 .—4 trioivme Bretion thiouHH ■ psrt of a hunwt teatra. Stained 
with i mi\ Iwmaloii'lin itid Van Giwort's atniri. ^ ^ 3 5^' 
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life but in old ago they emrtnin much fifty matter and uiquEn: a dwp yellow tioRc* 
Ench tuhufe IfiH «inaist* of a baseitienl-layer fonneU of lummstcd coonsctivc 

tissue containint nS^eioua elasiic fibres, with fijtrencd «!!» brtwu^n the kyere. and 
covered titcmiilly *ith a layer of aattened epithelioid eell*. Withm the basement- 
triEmbranc epithelial cells are arraiiscd in thKV im-^lur laycre. (. An outer layer 
of cubical cS^^s, with smalt nwclti t some of these enlarge to become tprr.Monta. 
'l*he nuclei of some of the spetmatogoria may be s«n m be re prixess of dmsi^ 
(rre p 60). and in consequenee of this, daughter cells are formed which cowtituie the 
Mcond Aine. i. LatKet polyhedral cells, with clear nuclei, ^farged m iwo or three 
Isycfs ■ these are the fflh or jpcreiofoo «1|* 

are the pHman- rpe™7fooJ«, fanned by homotypic^ division of the spemaiogoma- 
Their nuclei thererore contain chromatin material L^TfcspondiPg to the diploid 
somatic number of chmmoRoincB and are much mure dai^ly stained than tlu- mclci 
of the cells of the oeit row, the sfmMd-tfy tpcrtaatoeylrf. The latter, being JjV 

meioiic division of primary spetmaiocytes, contain only half the ^aimtof chromatin 
maicriat in their nUMi which take up much less stain f^. 1241! (haploid number 
e>.minniinnvs,'l T 'llic Hctt taver of cclU consists of the Jprnmijtdr. each of which 
The spermatids are small txilyhedtal cel la, the nucleus of 

durinc the oo?lversion f>f spermalids into Bpcimalrwr^ sre described urn! illus- 

tmted on p. 62. In additior f these three layers of cells others, termed the 

rW/i o 7 re///o/ SrffWi, are seen. They are clonKated and cutum^r. and ptoject 

inw ards from hasemcnt-mcmbnine towards lumen of the J'f 

ment of the .peretiato^n. proceed*, the tatter become panially imbedded m the 
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cytoplasm of tht aupporting cells, LlumaTeEy the &pcrmHto2oji are l{hemt)cd ond set 
free, The Atructurc of the epermato^oa is de$cnhed on p, 

Jn the apKii^ of the lobules, the tubolca become lew cooV'olLned, assume a nearly 
SI might cf jtirse, and unite at acute angles to form from twenty to thirty 3 ar|:cr Atraiglit 
duct A, of about 0-5 mru. ui dkmetcr, called straight tubiild (Gg. [240). 

The straight seminiferous tubules [tnbvli minify enter the Ebrouft tissue 

of ihe mediastinum, ami paw upwards ami backwards, forming, in their ascent, a 
close net^vork of aniastomewing tubes lined by flattened cpirheLium ; this nciwork is 
named ihe t^r frftij. At the upper end of thi- mediastinum these nd^cs icmiinalc in 
from nvehe rn twenty due ns. termed the i'fftrrni duclfih$ i they perforate the tiinica 
albuginea, and pass from ihc teatia to the epididymis. Tbdr course is bi first straight; 
then they become enlarged and cxecedinKly convoluted, and form a series of conical 
massesi known as the 0/ the fpfdidymif, which foeetlier eonstitutc the head of 

the epididymis^ Each lohule consists of a, single convoluted duct, from 15 cm. to 

cm^ in length. Opposite the bases of the lobules the ducts open into a single canDh 
the dtifi 0 / ffpididymh, which cMnstimtcSp by its enmpk^t eonvolatiori3„ the body 
snd tail of the epitUd^is. When the convolutions dne unraveltedp this tube mcoaurcs 
upwards of A metres in length ; it incrcBScii in diameter and ihiclmess os il appmacheR 
the tail of the epididymis w here it tsecomes the ductus deferens, 'Fhc convolutions are 
htdd togedwr by fine orenttir tissue, and by hands of fibTou}« tiwue, Lt Is to be nuted 
that the body und mil of the epxdidymia consist of one tube only, 

rhe efferent ductules are lined by cili^itLd columnar epithelium and have a thin 
layer «f circularly arranged muatle fibres in their wbIIs. In due duct of the epididymis 
the niiLscIc coat becomes thicker and the epithelium is cotumnar pscudostrelifud, the 
superficial cell* Itiiving long, rtori-motile stercocilia. 

Vessels and Nerves,^—"llio iestradar artery' Is described on p. S05* ?uid the 
tfstiadar mm on p, 372. 

^rhe lytnfdt of the testJs end in the lateral and pre-aartic lymph noden 

fp. qo6). 

The H<TP« accompany the tesdciuLlar vessclsp and are derired from the tenth thor¬ 
acic segment of the spinal corth through the renal and aortic plestusts (p. 1217). 

Appiird Anatmny .— At an early penod of mirautertne life the testes are placed in 
the posterior part of the abdominal cavity^ Thci r descent into the scrotum 1$ described 
00 2*4. The descent appears to be under hormonal control {gonftdrvtrophinB and 

EuidroKenB). In tht scrotum tlw testes lie in a colder environment than that in the 
abdomen, and it is believed that ihe lov^ujr temperature favours spermatogenesis. The 
descent Ilf the mtiA may be arrested, It may be retained in the abdomen l or it may 
l>e Artested at the deep inguinid ring^ or in the iiiguinoJ canal ; or it may Just pass out 
of the superficial inguinal ring without finding its way to the bottmu of the senJlutti- 
The retained testis 1 % probably useless sexually; so that a man in wliom both testes 
are rctaim^d loHfjnAiJwd is sterile, though he moy not be impotent. The absence of 
line testifl IB termed mwiorefiism. When a testis is retained in the Inguinal cimol jt is 
often complicated with a congenital hernia, the processus vaginahs of the periloncum 
pal being oblilerated, llie icstift may desceiul through the Inguinal cuuih but may 
miss the 3ctt>[ urn and assume some abtioTrml posilinn (ectnpia icstia) {p. 115). 

'Che testis may he inverted within the fcrotum oo that its poslertor or attiichcd 
border is directed forw'iirds and the tunica vaginniis ie situated behind. Should a 
hydrocele occur, and topping be resorted to, die trocar may be thruit into the testis^ 
unless care be token bcfurchand to Hscertoin the position of the gland. 

Torsion of the spL-miutic cord^ resulting In acute stxtkngulation of the Icfftis oome- 
tirncfi ciccUTS. In consequence of the torsion the circulation i^ partly arreated and 
the organ sw'clis and becomes acutely painful. 

Fluid colleciioni of d aerous character nre frequently found in die scrotLim. To 
these the term hydrwU is applied^ The most comninn fomi is the ordinary tvtjpiwid 
hydfocrl€f in which the fluid h contained in the oac of the tunica l aglnuLlIs. In another 
form, the congenital hyctrtK:ele^ the fiuid is m the sac of the tunica vaginalis^ but this 
BBC commimicates with the general peritoneal cevity', owing to the nonHjbHteradon of 
the upper part of the pmcejsus viiginalk. A third vniHcty, know^n m an in/atifik 
hydriteelTf occurs in those cases where the processus vaginalis is obliTeratcd only at or 
near the deep Inguinal ring. It fe^emblea the voginaJ hydrocele, except os regardi 
Its shape, the collecrioiYof Suid extending up the cord into the inguinal canal Fourthly, 
the pnocessiis vaginalis mwy be ublifcratcd both at the deep inguinal ting and abov^ the 
epidid^miileavinR s central unoblltcrated tvoition, w^hich may liecumc distended with 
fluid, ^ving rise to a condition knouti os hydwxKrk of the cord. 

Eniyilfd hydroeeU 0 / llte epUHdymii, or if^matocrh, is the name given to a cyit 
found in connexion with the head of the epidldymiB. n^ong ita contents are fnmld b 
varyuig number of spertriatoxoa, and It ii probably a reterLtlon cyst of one of the tubules. 
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The Ductus Defehens 

'fhc ductus deferens is the Hmtinuadori of the duct of the epididymis (fig, i Z4o). 
ComiDcndng at the lower part of the tail of the epididymis, it is at first very WTtuems, 
but (;riidually burning straigbter it ascends aJong the posterior border of the testia 
and the mediaJ side of the qildidymis. From the upper pole of the testis it runs 
upwards in the posterior part of the spermatic cord, and traverses the inmmal canal 
to the deep inguinal ntig+ Here it froiti ibc other structures of The aperm’- 

atic cord» curves murid the lateral fiide of the inferior tpigiistric artery, and ascends 
for about 2-5 cm. in front of the external iliac artery a U is next directed backwards 
and slightly do^vuAvard&p and* emssing the external iliac vessels oblic|ucly, cntcra the 
pelvic cavrtv^ where it is continued backwards between the peritoneum and the 
lateral wall of the pehis, and on the mediat aide of the oblitcf+ited umbilical artery, 
the obturator ner\'c and vessels, and the vesical vessels (fig, crosses 

the ureter (fig. 1242)^ andt reaching die medial side of this tube* bends at an acute 

Fig. Ti42 —'I'hc Wadder* Mmiiud vtdcla. dc. Vkw'ed from shaves pnd behind. 



angl., and run, medially and slight yfor.«nla^^«.en the ofthe 

the upper end of the wmirnd vaicle. Reaching the meduil aide of the »nunal 

v«ick it is directed downwards and medially m cont^ 

approaches the oppeftite duct. Hem it U« bclweeti the of the J^cr an^ 

rectum, from which it is separated by the lecto-vesicai faecia. 

downwards to the base of the prostate, and is joined at an acute 

the seminal veskic to form the ejaculatory duct (fig* t a43)' to the 

of iw wall rebtive to the small si«e of its lumen, the ductus deferens f«U hard and 

mrd like when firasped bv the fioeer and thumb, Its canal in the greater part of 

mJ .l.a thi. ponto i.»n.ird I 

which joins the duct of the seminal vesicle, is again greatly diminished in calibre 

(fig. 1143). . , , , i ' r ■ ' 

Dueiuli alrmantri.^A long narrow tube, termed tho duriufuf abentmi rif/ertor, is 
fcequenSfSiJId ^rlnccled w^ih the lower port of the duct of the ep«d.dym«. or with 
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the commencement of the ductus deferena, ] ts len glh, when it in uncoi led, vnHcS from 
S cm, to 35 cm.i. and it may be dikied towards its blind eailtemltv, qt may be of 
uniform diameter tKrouj^hout. Its structure » sunilor to that of the ductus deferens, 
Occaaionally it is found unconnected with the epididyrnii, A Second tube, termed the 
iiipa^or^ occurs in the head of the epididymis^ and is connected with 
the teie testis. These nherrant ductules art derived from mesonephric tubules (p, ^07)* 
Paradidyntls .—This teim is applied to a anuill coUection of convoluted, tubules, 
situated m front of fhe lower pan of the spermatic cord abos^e the head of the cpi- 
■didymis. These tubea ore lined with ciliated columtigr cpilhclium, and probably 
represent the rrnmtins of a part of the mesonephros (p. 307). 

Sirticlute. —The ductus deferens consists of three coats : {1) on exterml or areolar 
coat ; (2) a thick muscular coat^ which in the greater part of the tube consists of two 
layen of unstriped tnumilar fibres : an tiutei-, Innglrudimd m dirretfon, and on inner^ 
dnruliir i but at the commcncenienl of the duct there is a third layer, consisting of 
longitudinal hbrei!, and placed between the circular altalum and the mucous mcm- 



Fmv 1243.—The icminal ^'eiicles, Ehc tenninal portieni of the deferent duets, ar>d 
the piosTatc, ejcponed fmm in front. 'Fhc anlcfior walk of the ri||ht seminal 
\‘e 3 iiefc sod of flic ampulla of the Hscht dueiua deferent Im^'e been remomi, and 
ihe prostatic part of ihe urethra has been opened from in front by the removal 
of n portwti 4 if the pix^uilc. 


o/ 


Seminal I'caiVfs 
(epcTVf^il 
Pjaetdafi^ 

Cffikrat 

fWJICB nf 
priMtatic ulr<^f 


bronc ; there ss much intermingling of rlie fibres m rhe above layers so that they do 
not constitute cicady defined strata \ (j) an intcfnal, or mucous coat, which it pale, 
and arranKcd: in longitudinal folds, 'llie mucous coat is lined with columnar epi¬ 
thelium, w hich » TKin'-ciliated ihrouglusu t the gr^ler port of the tube; a v'ariable 
portion of the lesriculiir end of the tul>e is lined with nvo strata of coLucntmr celU. those 
of the stipe rficial la^'er hii\ing non-mocile slereticiliap 

The Seminal Vesicles and Emcclatory Ducts 

'Fhc MHiinaL vesides (fig+ 114^) ait two oaccnlatcd pouches, placed betweeti 
the base of the bladder and the rectum. Each vesicle is about 5 cm. long, and is 
somewhat pymmida} tn fomiT the bioad end being diriccted backwards^ upwards and 
laterally. It eonai^U of a tubct coiled upcti itself, and giving off several irregular 
diverticula (fig. 1143) ^ the separate coils, as well as the diverticula, are connected 
together by fibroua tissue. The tube Has a diameter of 3^4 mm. and its length 
when uncoiled Mides from to otu to 15 cm.; it ends above in a cul-de-$ac ; its 
lower cxtrmiLty becomes constricted into a nanoAv straight duct, which joim with 
ihc coiTMponditTg ductus defe rens to form the ejaculatory duct. The aurmor ifir/dfr 
ia in contact with the hase of the bladder, extending from near the termination of 
the ureter to tlic base of the prostate^, I'hc ^irrior turjate rests upon the recium, 
from which it is separated by the recto-vesical fascia. The vesicles dJwrge from 
each other above, and are in relatttm with the deferent ducts and ihc terminationa 
of the ureters^ and are partly covered with periton<^u^ I k enveloped io a 
denscj fibro-mnBculaf sheallu Along the medial nmrgin of the vehicle mm the 
ampulla nf the ductus defcTcm. I^terul lo the vdicie, the veins of the pmstatic 
venous plexus pass backworda to join the internal iliac vein. 




thh scrotum 
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Structure.—Tlie seminal vrsklea oic eiuuposed of three coats ; an extemaf or 
orr(^,ir co^t : a muUh or wwiarfor thinner thao that of the ductus dcfcwi^ and 
irranccd in two Wyat. an outer lortuitudrnat and ui inner circutor , 

nneom Mof, which is pa 1 c. <if a whitish-brown colour, ftjtd prpenta a dchcate. 
struclurc. "ITte epithelium i> entumnar, and m the di verticuk Koblct-eclls ure present^ 
^f^acerrtion of w^ch forms a lerf,r part of the seminal (Itnd I 
alkaline, mid contains fructose and q coo^jubtinfl ^yme (vcsicutawj 1 
vesicles do not form a stnm^^ pime for *|^rm.s. The tiiiiar psaainw from the testis, 
arc stored in the epididymis fnrul possibly m the ampulla of the duciita deferens]. 

Vessel* and Nerves.— 'I'he arirriet supplying; the aeniinal vesicles am derived 
from the inferior vesical, and the middle rechd arterica. The rrt/u and ivwiM vnteli 
acoompany the arteries. The nrn;« arc derived from the pclvm pIcutiMS. 

Applied .daoWBj.V-—The seminal vesicles are often die scat of the dae^ m caM* 
of tubereulosia of the genito-urinary imct. and should alw-aya be cKanuned from the 
rectum, in cases where the testes are involved. They also ^enme aflected in chrome 
posterior urethritis of gonorrhtEal oriain. An abseesa of the scmina! vesicle may 
rupture into the peritoneal cavity and cause fatal pentonitis. 

The eiacttlalory duel* 1243)two in number one on each side of 

the median plane. Each is formed by the union of the duct of thefcmmal reside 
with the tefttiinal part of the ductus deferens, and is nearly 1 cm, bug- They commence 
at the haso of the proatatc, run forwards and dmvnwirda between the me^an and 
riaht (or left) lobes, pass along the sides of the proatatic utncle, and end on the 
colliculus scminalis in slit-lifce orifices on, or just within, the margins o the oj^nmg 
of the prostatic utricle (p. Mlb)- dues, diminish in size, and also converge, 

loVa’^Ttlt their terminations. 

nt..ui-mre —The coats of the cjaculsiory ducts arc extremely thin. They art; 
sn cutTSu bVSr. S is sIrJt entireljr lost after the emrnnce of the ducts .nto 
X. 3 low D/mHiriibr^m, consisting of s ihtn outer circulnr, and an mner 

|□tl^tudina^layE^’; and imicout metiihrane covered with columnar epithelium. 

Till Spermatic Cows asip its Coveriscs 
When the testis (Iissccnds tlirough the abdorniiial wall into the scrotum, it drap 

its vessels andncrvrssndthcdueius dt-ferena w it h it. f het^ s^ct ur es meet at the 

deep inguinal ring and togctlier form the ifier^MlK ciifd, which suapends ^e testis 
In rL^tum and extends from the deep inguinaJ ring to the poswnor border of 
.sir tS S“ ^rnvttfc cord i. c liitl. loopr U»d .ho ™bt B=.»ceo .ho 
iuwr“cial Lnuiiiiul ring and the testa die cord lies imterwr to the tendon of ongin 
S'Sie Adduce longJ where it is erased supetricially bv the superficial external 
midendalanerv and dceplvbv the deep external pndeniklartco- 

cord7mVer^ the inguinal canal (p. 6 ot) having the walU of the 

canal as ite relations and with the ilioinguinal nene lying bclmv it. ''' 

. " T lu Z,„.o! :> ,rriii;r«a coveriniTs from the different layers which form the 
'&-nir'»3l Th^l S, “ri“g. cx.»d do-n»-«.d. ialo *. »»« rf ,h= .ootum 

/.»«■. » • .hinUj.-rfel'i"«« 'I” 'P'™*''' 

muaojUr tuMiculi. uniltil M one 
[r™™i:r£S^ .be f«ei™u eo™ii.o,. «.= Ce.n.„,.r »d ... 

foniitinotis vTJih th« Ohliqiiua mtemiia abdominis (p. 594). 

eontmuma mm ^ ^ fibrous raembnuie conftmaoiia above with 

the ewneS. Ke Obliqoo. ee.emu. .Memioie, end prelonged donn^ird. 
from ihe crxira of the swperficiiil nng (p. S9U- 

^ rmatic cord+'—The apcnnatic cord ia cntnposed of artcri^, 

o.d^'.T.S.S ™.d”l!rn-o.. .nd .bo du..b. doton^m. »or<o.od .*.h.. by «o=l.. 

» .K,OB.«i»r (p. S.7) .nd .bo mOT ol 'b" J-'"- <P- S'* 

The ttitinilar veim are desciibeu on p, Soi- 

The iywph tvrttfir of the testis are dewnbed on p. 900* 
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The nrrtTJ *rt {%) the gmitnl branch of the trOdiMfenioral nerve {p, 1174)> and 
(jl the tftfucular plexus of the sympathetic 1317)^ Joined by filamenta from the 
pelvic plexus whi^ xccpftipafiy the uiefy of the ductiis deferens, 

Tire SciccinrM 

The ictQium is a cutaneoua pouch containing the testes and the lower parts of the 
spermatic oords^ and placed below the pubic symphysis in front of the upper parts 
of the thighs. It IS divided on its surface into a right and a left portion by a ridge, or 
raph^t which is continued forwards to the under surface of the pcnisi and backwards 
along the middle line of the perineum tn the anus \ the left portion hanga lower than 
the right, in correspondence with the greater length of the left spermotic cord^ 
‘Hic raphe indicates the bilateral origin of the scrotum imm the genli^ swelling^ fp. 
118). The external appearance varies in ditfercni circiin^tances: thua^ under 



FiCd 1344-—^ tr*nivtrK- sectii>n thnjiijdii thr left half of the Kn>miii ind ihe left 
testis. The vtc af the tunica vaidnaUs ia rcnrcaBfitvd itn A dbtended eenditkiEi. 
Diiittammitic. (Del^iini:,) 

/JKlrj^ Skin. 


tpmrttttic 


CfttrriuUtic faffta 


A 

Paritial lUmM 
fofinafiff 

FinreniJ /Kmot 

4 ^ kMiiM 


Tantea albit^iiUKt 




jlfedi'ailinsHi 

kit/* yrterj^ 


ZhtffiL* 


the influence of warmth^ and in old and debilitflied perstjus, the scrotum is elongated 
and flaccid ; hot, under the inflitencc of cold, and in the young and mbust^ tt is 
short, corrupted, and dceely applied to the testes. It consist of the skin and the 
dartos muscle, together with the extemid spermatic, cremasteric and internal 
spennaiic fasciae, already described tn counaiion with the spermatic cord. The 
inner surface of die inlemiril spermatic fascia is in contact w ith the parietal layer of 
the tunica vagtnahs {fig. 1244). 

The skin is ^iTry thin, of a brownish colour, and generally throw n into folds or 
nigse* It is beset with thinly scattered, crisp liairs, ilie mots of which arc visible 
through the skin ; it is provided with sebaceous follicles, the Eccretion of which haa 
a pccuUht odour. 

The darfot masele is a ihln layer of non-striped muscular fibres, continuous 
around the base of the scrotum, with the supeifieial fasda of the gmiu and of the 
perineum. It sends in wards a septum (the Sfptum of tfir srroium)^ which connects 
the raphe to the under surface of the rool of the penis, and divides the scrotnl 










the penis 


i;oi 


polish imo for ihe tesi«^ Tile scroial upturn .* composed of ^ «l« 

Tver^ of the Krotal wall, except the jhin tj hich fom« 

to the citnre scrohiiti. The diirtc.!i tnuitle la elowly united to 'he skm but ^ 
connected with the julijacent parts bv delicate areolar tissue, upon which ii glidw 
37lle>t" felt fSliy. 'ITe subcutaneous tissue of the scrotum n. emtrely 

dcA'uid of liiiL 

Votu'lc and Ncrvcs —Thc iiFlerifS supplying tht scrtnum irc - the titcmai 
fo 8 o 7 The oriw fallow the cout« of the cnrresponduiE arteries Phe 

n i P7»"” '““"f 

LOitancOLiB nen-t-ii). 

JeoliW 4r,.itomi- —The scretum forma a covering for the pmteedoo of the t»te* 
Thii^bodics h-ing^suspended and loose in the cavity of the scrotum and Sunoui^^ 
h?^otTmtmSne am »pahlc of great mobihty, and can therefore ^ly ahp 

The PeJ!is 

The penis is the male organ of copulation. It compria® art stmehed portion, 
tcmlcd tC roof, which is sitoaied in the perineum, and a free, pendulous portion, 

nf^e Dcrineiim. They include the ivta cnim and the bulb of the 

xsT. .he «f .h. p.Hc ».h ,„d 0.= 

"'^h'?!lii'S''(%^>.4S)comrotneabthird in . blunl-pinoai piMOS. »h«h 
(p. 608). Antcnoriv 1 ,, |* ,, . , Vear ihc lower border of the pubtc 

tOTphj»!.“E"w i™n b.«d .h<fpiy drih»»J« •"J “"■ 

,i„u»„. ».h ih; ™-?"™ Shf im.S W«» S.. .wo cw,. 

ih. £.^Sb» o! .h. p.rrao.1 mombrono. fwn, 

and IS firmly canii<^ '-bP^rmpnt Ov^l in outliiiCb it narrows anteriorly t» 
which it receives a fft-nus snonEiostim of the body of the penis, bending 

becorne wtHinuous wi g(j convex superficial surface is 

s?6.rc3'“S s.h ■'>= ”t“ 

iL'’»^l*S:';sS«or''i. l .hi. pr. or .ho ««h» whi. 1 , ..hibi» .h. in.iw. 

’"^Th/‘’w^of1hi' penis is composed of three elongated masses of erectile 

The Wy ol me ^ coniidcmble cnlargenieni when they arc engorBed 
tissue which are rapable of wMiaLmnie cm g 

„id, bl^d J-'iXrrwtl ^ a .ri..gbl» pV 

“i«d \£' .pj-»>.«fxis 

Tr Tl.rPl»»*of pppafl' >i»"' •" *' "S'” 

3iSresS^S“=3S 

She^^ tiding sunoSnded by a common fibrous envelope and being separated by a 
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ro^iaa fibrous seprom. On the uretKiul surface the combLned mass shows a wide 
m^ian gitiove. winch lodges the corpus spongiosum (fig. 1*46), and on the doisa] 
s^aa, a similar but nairamr groove lodges the deep dorsal vein of the penia. 
rhe tw^ rotfMta cavern^ (b not nach the end of the organ but terminate^ under 
cover 01 the glana p^ia, m a blunted conical extremity, on which each forms a smal] 
Proximal ly, each becomes continuous with the corresponding 

The oorponi ca%'cn^ penis arc surrounded by a strong, fibrous envelope 
(tunica albuginea) roasisting of superficial and deep fibres. The superficial fibr« 

Fifl, 1^5.—llie ceiutinienT cavernous cylinder ef the ntnis. The elsns penis 
anterior p#rt of the corpus apangiesum penis a» demched from the 
ODtpon civctnoti jtenu and lumcd t& one ijde# 



Corptu 


PfnnASj JWUjtkWjM 


tlerjCiiJ Jtpon^Wiim 


^ longirodinaJ in direaton, and form a single tube which encloses both cornom ■ 
the deep ^res are amtpged circularly round each corpus, and form by their iunrtioi: 

^ind, hut IS imperfm m front, where it consists of a of bands amLed 
hke Ac tee^ of a comb; « is thcrofore sometimes named the ttpium 

The traversed Utrongliout iti whole lenST; 

the apooj^ Mrt of the iirethm, lies in the median groove w rhe ttrethraJ surfoKS 
Ae conjoined »rpora cavernosa. It is cylindrical in form and tapets ab,rhdvfi^ 
behind forw^ It ta surroundi^ by a fibrous sheath {tunica ilbugK^ 
the extremrty 0/ the puis it suddenlv expands to form a conical ealai„;«m 

tj^ the glims pen» (fig, ,245). and. Imcod towards the perineum, it SS 
directly continuous with the bulb. * * wwmqs 
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The gianjpcjiis projects dor^lly &o as to cover dsc frtre cxtrcmiiies of i}ie corpora 
cavernosa id which il presciitP a sibaUow concave surface far iheir atlaehnU'nt. The 
base of the gbios iias a projecting criargin^ icrmcd the corona giandts^ which overhangs 
an obtiqociy grooved eon^inction, sometimes referred to as the weijfr t?f Ihr J^wj. 
*rhc ffissj navicukris (p. 1490) of the urethra Uea wilhin the glans and opens by * 
sagittaJ slit on or near its apex. 

The skin covering the penis is rcmark^lc for ils thin ness, its dark colour and its 
looseners of connexion with the fssckl sheath of the organ. At tl]t neck of the penis 
it is folded upon itself to form the prepuce or/orrjAj'flj wdiich overlaps the gkna for n 
vnriabk distance. Tlie internal layer of the prepuce is confluent aid ng t be line of the 
□cck with the thin skin which covers, and adheres firmly to, the glfirr?^ and k con-^ 
tinuous vrhh fhc rmaeous membrane of the urclbra at the external urethral orifice. 
On the under surface of the glans penk a small nttdiim ftdd passes from the deep 
surface of tlie prepuce to a point on the gkns immediately behind the external 
urethra] orifice ; this n^edian fold is named the fremium of the prepuce. The 
prepuce is separated from the gluna penis by a potential aac—tlte preptithl 
w'hich presents two shallow fnssse, one on each side of the frenulum. On die corona 
of ilie glana and on the neck of the penk tlwre are numernus smaJl prepuital 
gfittids ; tIvKc secrete a sebjccotis matCf'ml fiamed the ivhich has a charac¬ 

teristic ndour. 

The fUfxTfiaat fiucta of ihe pi^im k allliiost entirely devoid qf fat and consists of 
very liMkSely arranged areolar i issue p in which a few plain miLsckr fibres (dartos 
nuiflck-) arc’present. As in the Ioh cr part of the anteriorabdctminal wall, the deepest 
layer is membranous in charac¬ 
ter ; it forms the fuidu penh 
(or deep fascia of the penk), 
which surmimds both ihe cor¬ 
pora cavcriKiaa and the corpus 
spongir^tiin and separates the 
superficial from the deep dorsal 
vein ^ 11 does not extend beyond 
the neck of tJve penkt where 
it blends With the fibrous 
envelopes of the corpora caver¬ 
nosa and corpus spongiosum. 

Proxiniallyi it is continuous 
with the dartos muscle and the 
fascia covering the urogciiJlal 
region of the perineum (p. 6<i7). 

llie weight of the body of the penk is supported by two ligainents^ both derived 
froni the fascia of the penis and consisting very' largely of clastic fibres. The fuNdi^ 
ftirm tigameu/ (fig. 5S0) springs from the lower pan of the hnea albii and splits into 
two lamellar which pass one (m each side of the penis and unite Kdow with the 
septum of the scrotum. The suspensory ligament is deep to ihe fundiforin ligament. 
h is triangular in ^liapc and is attached, above, to the front of tlic pubk symphysis. 
BcIlwv, ii blends w'ith the fascia penis on each side of the organ. 

Structure of the pents.^ — l-'roin the intemnl aurTacc of die flbmus envelope of the 
corpora cuvcroosa pcnii^ ss well ss front the sides of the septunip numerous irabeeui^e 
arise, iJid emss tht corpora avemo^ in all directionf»subdividing them biio 4 number 
of rm'frrf<7iu siid tfiving the catirc structure a spongy appearnnee ffig. 1246). 

These trabecuLe consi&t of white fibrous tissue, elnstic fibnea and plain muscular 
fibres, and they cantajn numerous arteries and nerves. The cavernous spaces am 
filled with blood, and are lined with a layer of flattened endothelial cells, 

'llic fibroui cnwlopc (tunica albuginea) of the corpus sprmginsum penis is thinner* 
whiter in ctilniiT^ and more elastic than that of the corpora cavemoiMi pvnia. It is 
formed partly of unstriped muaeular fibers, and a layer nf rhe same riasme sorrounda 
rbe dinnl of live urethra. 

Vessels and Nerves. —'The arteries bringin^t the blood m the cavernous spaces 
arc the deep arteries of the penisj and branches from the dorsal aEtcries of the penis, 
which perforate the fibrous capsule along the upper surface, cspectally near the 
extremio' of die organ. <>n entering the civcimoui acructure the arteries divide into 
brandies which are supported and enclosed by the trabeculce. Some of these arteries 
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end in a eapillaty nern'ork, which opens directEy into the cavemou.fi apaces; Olivers 
assume a tefidrii-likc Eippearancep end form convoluted and somewhat dilated vessels^ 
ntuticd Mitiiie 'Hiey opci) into the cavetTious fipaces, and fmm tliEm fimall 

CBpilliLry branches ^ to supply the tfabecular structure. They ate most abundant m 
the pwterinr parts of the corpora cavemo^ai 

The blood from the cavertious spaces is returned by a series of some of 

which emer^ fmm the bnw of the glans pcnii and c^nver^c on the doraurn oF the 
penis to form rhe deep dorsal vein ; u diets pass out on the upper surface of the corpora 
cavernosa and join the same vein ; some emerge from the under surface of the 
corpnrii otvemofia midr receiving branches from the corpus spongiosum» wind itiund 
the aides of rhe penis to end in the deep dprsa] vein ; bat many pass out st the root 
of the penis and join the prostatic ple^s. {S^e aiso p. 

Erection of the penis is a purely vascubr phenomenon* indepiendent of muscular 
compression exerted by the lM:hii’>cavemosi and the Uolhocaitemo^us. Rapid in Bow 
tmcii the hclicinc artejnes Bllfi the cavcrnoLis spaces and the resulcing distension of tJic 
corpora cavernosa acts as a contributory factor by pressing on the veins which drain 
the crcctiSc tifisiie. 

"Vhtt Sywpli t'f.fsrlr arc dcsciribed on p. -^7, 

*rhe nerves are derived fmm the secoiiiL^ third and fourdr sacml nerves, through the 
pudendal nen-e and the pelvic picisuscs (p. 1221). On tlie glans und on the bulb of 
the penis fiome fibimenls of the cutaneous nervics have iBjnellated corpuscli^ contiected 
with thetn^ and many of them end in peculEitr eiid-^bulbs (p, 920). 

TirE E*hostate 

The prosLate (figs- 1232, 1242, 1243) is a firm, partly glandular and partly 
tnuscukr hodiy\ surrounding the comnicncefncnt of the urethra in the male, Jt is 
situated in the pelvic cavity, behind the lower part of the symphysis pubis and the 
upper part of the pubic arch, and in front of the ampuUa of the rectum through the 
wall of w h ich it may he fdt in the living. It b alwut the aijic of a chestnut and some¬ 
what conical in shape, and presents for examination a bm% an apex, a posterior, 
an anterior and two mfemlatctal surfaces. 

The base is directed upwards, and^ for the greater part of its extcnlT is directly 
continuous with the neck of the utiimry bladder : the urcthm enters it nearer its 
anterior than its ]wterinr border. 

The apfx is directed downwards and is in contact with the fascia on the deep 
surfaces of the Sphincter urethra and the Transi crsus perinci profundus (p. 609)* 

I'hc postrnor sur/aee is Rattened from side to side and alightly eonvex from above 
dow nw ards ; it is separated by its sheath and some loose connective tissue from the 
rectum, and is distant about 4 cm. from the anus (%. 123a), Near its upper border 
there is a deprosj^iun through w hich the two cjaculaUin^ ducts enter the prostate. 
T'liis depression sen es to divide die posterior surface into a Jower^ larger, and an 
upper, smaller part. The upper, smalJcr part oonslttutes the median ioif of the 
prostate and intem-nes between the ejacubton,' ducts and the urethra i it varies 
greatly in sbfic* and in some cases is destitute of glandular tissue. The lower^ larger 
portion sometimes pre^^nts a shallow media furrow^ vvliich imperfectly separates 
It into right and irf( Mrr ^ these form the main mass of the gland and arc diriictlY 
continuous with each other behind the urethm ; they are connected in front of the 
urethra by a band which t» named the iitfmm ; the latter coa$iista of Rbromuscular 
tissue and is devoid of glandular substance. 

The antm'fir surfisce is narrow' and convert from side to side and extends from the 
apex to the base. It lies al>oui 2 enu behind the pubic symphysis* from which it is 
scpamicd by a plexus of veins and a quantity of leMse fatty tissue. Near its upper 
end it is connected to the pubic bones by the pubo-prostatic IJganienta. The urethra 
emerges fr<jtn this surface a little above and in front of the apex of tiic prostate. 

T'hc in/mtateral surfara are prominent* and are related to the anterior portions 
of the Lcvutores ani, which are, Iwvcver* separated from the gland by a plex^is of 
veins imbedded in fibrous tiBsue which forms the lateral part of the ah tat h of the 
organ. 

'rhe prostate measures about 4 cm. transversely at the base, about 2 on. in its 
snterapoaicrior, and 3 cm. in its vertical, diameter. Its weight is about S gm. It is 
invest^ by a Rbrous sheath, w hich is partly vascular and partly non-vascular. On 
each side the sheath consists of fibrous tissu'c in w hich are Imbedded the veins of the 
prostaiic venous plexus (%. 772). In front, it is continuous with the pubo-proatatic 
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ligaments (p. 603) anil, bcldvi'^ it blends v?ith the fascia on the deep surfaces of the 
Sphincter urethiisc and the Transvenous perinei prohindus, and with the perineal 
(fifi' 59^)- posterior wall of the sheath has a different constitucion and i# 
non*vascular. In the male fertus^at the fourth month, the recto^veiaical peritoneal 
pouch cjctends downwards to the pelvic fioor and separates the proatate from tJit 
tectutn. The lower part of this recess becomes obUterqted and the fused peritoneal 
layers form the posterior wall of the prostatic ahesth.* ^fliis fibrous membrane has 
been termed the rfcio-tieninil fasna. Traces of its origin from two original layera 
arc evidcjll for there exists in its centra] part a plane at which it cleavi^ readily^ 
Above, it extends upwards over the posterior aspects of the seminal vesicles and the 
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deferent ducts and is connected to the peritoneal floor of the rccto-vcsicoJ pouch 
(fig* 590)* ^ connected with the posterior ligament of the bladder 

(p. 14U7) andi below, where it becomes closely adherent 10 die prostate, it is lost in the 
perineal body. P. H, Silver (Jl Anef.,Lond.^ 11)56,90^ 53^}, however, finds no evidence 
€if such peritoneal fusian and maintains that the ret to* vesical fascia is formtii simply 
by condensation of loose areolar tissue. The smicrior portions of the Ijcsatoa-s aJii 
pass backwards from the pubis and embrace the sides of the prostate; from the 
support afforded to this organ these prts of the muscles are nanaed the Umforrj 
proftai^^ 

The prostate is peifomtcd by the urethra and the cj 3 u:ulatOTy ducts and contains 
the prostatic utricle. Tlie urethra usually lies iilong the junction of its anterior witli 
its middle one-Lhjid. The cj aculatory ducts pass obi iquely downwards and forwwds 
through the poatcrior part of the prostate, and open into the prostadc portion of the 
urethm (p. 149 o)p 

Stmeturc (figs. 1247 xnd 12483.—The prostate is enveloped by a thin but firto 
capsule, distinct £mm the sheath derived from the pelvk fascia, the Latter contoinuia a 
plexus of veins. This capsule is firmly adherent lo the prostate and is stmcuirally 
continuous with the stroma of the gland h being compojwd pf the amne tasuca, viz, 
non-striped muscle and fibrous tissue. The aubstsnee of the prostate is of a pale 
reddish^Ktey colour, of great density, and not easily tom. It consists of gtantlnhir 
aub^tonce and mustular tissue. 

The musadar titm constitutes the proper atroma of the prostate* the connective 
tissue being very scanly* and meral>' fortning^ between the musctilir fibres, thin 
trabcculai; in which the vessel* and nerves of the gland ramify. The muscular tissue 
i* arranged as follows : immediolely beneath the capsule there i* a dcnne layer, which 
forms an im-eftting sheath for ihe gland : around the prostatic part of the urethra a 
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dense layer pf dftubr fibres k condnumis ubovt with tJve intemial Layer of the muaciilar 
c*Mf of xbe bladder, imd blends bcl^3W with the fibres sum>mn:tiing the ntenibrancuia 
poidon of the urethra; betvTxn these twu layers atnmir bands of muicular tissue 
dreussate freelyj and form meahea in y^hich the structure of the orgno is 

imbedded. In that part of the eland which is situated in front of the urethra the 


Fio» 124 ^.—Section ihttm^h pmostHtCt stsined wiih imn hflomitoicylui and Van 


jitton ssrain. H joo. 


muscular tixme is eaj^ially dense^ and tlicre is here little or no glandular tissue; 
while in that part vi^hich fs behind the urethra the muscular tissue presents a wide- 
mefihed structure, which is densesE at tlu? base of the eland—that is, near tile bladder— 
becoTTiing looser and more Bponge-hke towards the apex, 

'rbe jsriandufnr j^tanae ia composed of numerous follicles the lining of w'hich 
frequently ahaw^s papillary elevations. The falHcles open into elongated canals 
which join ta form from twelve in twrenty pmall excretory ductx. They are connected 
together by areolar tissue^ supported by probtiKations from the fibrous capsule and 
muscular atroma, and enclosed in h delicate capillary plexus. 'Fhe epitheliLim which 
lines the canals and the follicles is of the columnar variety-. The pmstatic duct3 open 
into the pmstaiic sinus in the floor of the presEatic portion of the urethm, and arc 
lined by two layers of epithelium, the inner byer consisting of columnar and the outer 
of sKiail cubical cells. StnAll colloid maa$es, knmvn as amyloid bodies, are often 
found in the gbnd mbea. The pTuslatic fcerednn and the secretion of the scminfll 
%^cstcle together form the bulk of the remitml fluid. The pmstatic secretion la slightly 
ocid and conraina add ph[;>^phatase and fibmiysin. 

1 lismlogical aectiona of the pr^^statc {fig. *247) do not show ■ lobar paiiem of 
the organ, hut rwt> vrell-defined, concentric zoiircs of glandular iksue^ partially sur* 
rounding the proslatic urethra, are recognsaable.* The larger, b composed 

of long, bramied glands^ the ducts of which curve backwa^ to open mainly into the 
floor of the prtwtailic *inu 5 e$, though some open into the lateral walls of the urethra. 
The jjMfrer fofie consists of a set of * submucosal " glands, the ducts of which open 
into the floor of the prostatic liruiaes, and partly on the colliiiulus seminails, and an 
iTmermost group of sburt, simple" mucosal ' glands, which surround the upper part 
of the pfostatic urethra. Antcriorlvp in the isthmus of the prostate, the outer zone 
and the * iubmuDonl * glanda arc deficient. The outer and inner aonrs are separated 
by an liJ-dcftncd, inxgubr ■ capsuleJ Carcinoma affects almost exclusively the outer 
while the ifintr aonc U parucubrly prone to l>cnigTi hypertrophy (hyperplasia), 
pmhably duo to tEaCrogmic sEimulation i this latter growth projects upwards into the 
bbddcr ond displaces the outer rone backwardj and downwards, producing thereby 0 
more distinct' capsule ' l.jcttvcen titc outer and inner 2 onres, which allows a * cleavage 
plane ^ for the surgical enucleation of the hypertrophic growth. 

• L. M. Fninlt^» AftM, Roy. 1 osxt i 4 i : 1 . D. Fergusson and E. C, 

Gibiofi, Bwji. 195^* U ; I. E. LcEhic. J, Uni., 4a, 1217-1241. 
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Vessels and Ncrvta.—Tlie artmii* ftiipplyCtig the pmstiitc nrc dtriv’ed fr<m the 
interrviJ pudendflJ, inferior vc^ioil end middle rectal attcncs, Iti t.iei»j form A plcatui 
jimund the nidc* ind haac «f die gland fp. ; they receive in front the deep domil 
vein of the penis, BOd etid in the internal iliac veins, ^fhe iymph vetich ut described 
on 907. liic rfeft:er arc derived frpfii the pelvic ple^iis tp- 1221). 

Age changm itt tfie praitiUtA —/It hirfh the pricmwic consists of a duct system no- 
bedded in a st™ma which constitutes a lflt»e part of the bulk of tlve inland- Folliclca 
are represented by smaU ctid-buds on the ducts. I'hcre is a h^^rpbsia m^d squamc^i^ 
metaplasia of the epithelium of the ducts^ the colliculus ^cotinaJJaH and the proatatic 
utricle which atu possibly due to the oedon of niaicmal {Estrogens cicculating in the 
fojtal blood. Thc$c cliungcs settle in about nix or seven weeb and then the proaiate 
undeq^oca lilde stnictural change untiJ about the ninth year when there occurs a 
hyperplasia of the dud epithelium and the formation of side buds leading To an 
elflboiation of the duct system, Dixrins the pcri^id up lo puberty then? U a alow and 
continLious increase in the size of ihr prostate. 

--If puherfy changes occur Very rapidly over » period of about ant motiiha to one 
year, lltere is rapid increase to more than mice the aiie of the pre-pubeml elands 
due almost entirely to the development of folilclesp portly from the etKi-buda on the 
ducts, and partly from modification of branches of the ducts. ITipe change is associ¬ 
ated with some condensation of thestromaH which becomes reduced in rcktion to tlM 
amount of glandular tissue, ‘llicac changM are probably due to the accretion of male 
hormone into the btooditreani by the testis- 

DiiTing the third decade the gbndukr epitht;:lium is Incfeaaed by irregular comph- 
cation of the infolding of epiihelium into the lumen, of the folUcIcs., 

AJter the third dtaidt the siw rco^na fairly constat until the age of forty-fiyc to 
fifty, I lifoMings of the epiihcliunfi lend to diSiappcar so that the ootlJnea of the foEicIta 
are more regular and amyloid bodies increase in number. AU these changes indicate 
the heginniog of prostatic involution. 

After the age 0/forty t* fifty the pmstaie either rnay undergo benign livMr- 
trophy so that its size increases gmdually until death, or it may pmgreMiv^ely atrophy. 

Applied Afiiitamv.—ln ad%^anoed life the prostale often twcomes considerably 
enlarged and projects into the bladder so as to impede the passage of the urine by 
elungating and distorting the proscatic urethra. In some casc$ the median lobe 
cnlnmcs most, and even a auaU enlargement of this lobe niiiy att injuriously, by form- 
iitg a sort of S^alvc over the inicciuii urethral nrificcp prevontmg the passage of the 
urine j and the tuore the pa Went strains, the more ecimpletcly wilHt block the opening 
into die urethra. The hypertrophied part of the gland projecring into the bladder 
may be remov-cd by the operaui^n of suprapubic pTuatstectomy^ in which, die bladder 
having been open^, the fturgeon inserts finger through the mucous membrane 
of ihc bladder into the plane of separation between the capsule of the pmatatc and the 
hypertrophied mass and enucleates the latter. In this way, injury 10 the prostatic 
venous plexus is avoided since these veim lie in the proiitaiic sheath derived from the 
pelvic fascia. The prcrstotc may also be removed either by a surgical approach frum 
the perineum into the fascial space between the rccnim and the prostatic sheath 
(perineal prostatectomy), or by the operation of retitjpubk proslaicctomy. m which 
an incTsion h made through the anterior abduminil waW just ohtivc the pubic syni- 
physis, the bladder displaced backwards and ihc prostate thus exposed. 


TifE iULBO-UKETHRAL GtANT:iS {fig. 7:^4) 

The bulbo-urethral glands are two small, rounds and somewhat lubuLitcd 
bodies, of a yellow* colour. Each is abou t the size of a pea, and is placed lateral to the 
membratmus portion of the urethra, deep to the perinea! membrane. They lie 
above the bulb of the penb, and are ejidoscd by the tranav'erae fibres of the Sphincter 
urethra:. They giradujilly dimintah in size as age advances. 

TTie excretory duct of each gland ia ncariy 3 cm, long ; it passes obliquely for- 
vrarda beneath the mucous membrane, and opens by a minute orifice on the fidor of 
the spongy portion of the urethra about 2-5 cm, below the perineal membrane. 

Strueiure.—Each Eland is mode Up of several lobules which are held together by a 
fibrous investnient. Each lobule consists of a number of acini, lined by columnar 
epithelial Cells, llifi secretion of the butbo-orethral glands is an additiuajil conitituent 
of the seminal fluid, but the glatuls are very smuU sn man as compand vrith many 
animals, and the part which they play is probably very subflidiary. 

• S« E, J. Clegg, j. Anatr, jLohJ., igS5, BOi 
t G. 1. M. SwycqT. Amt., J044. 7*1 tio. 


150 S 


SPLANCHNOLOGY 


THE FEMALE GENITAL ORGANS 

The fefnalc g^iiaJ organs consist of an iotemal and an external group. The 
mtfTjml organs arc situated within the pelvis, and are the av^n&, the uterine tubes, 
the uicnis and the tragba. The fxtmui orgam are placed below and in front of the 
pubic arch* They comprise the mom pubis, the labia majoni et mbiani pudendit the 
clitoris, Ihe bulhus vestihuli and the grtateu vestibular glands* 


Tii£ Ovaries (figs. 1249 and 13^54) 

The ovaries* two in number, arc honiolagoiis with the testes in the male. They 
art situated one on each side of llie uterua in relation to the lateral wall of the pelvis* 
and attached to the posterior or upper layer of the bioad ligament of the uterus, 
behind and below the uterine lube {fig^ 1349)- They are of a greyish-pink colour, 
and present a smooth surface before regular o^mLation h^ins but thereafter 
surface is puckered and uneven due to the cicatrisation which follow-s degeneration 



FiO* — ^Tilw uicnift ifld the left broad liRMnent. Poateiior aurfaec. The 

hiond ligament hw been ipread cut and ihe ovixv downwards. 




of tiic successive corpora lutes. Each ovary is almond-shaped and is about 3 cni, 
long* I'S cm* wide, and about 10 mm. thick. The exact position of the ovary is 
subject to a wide range of variation in women who have borne children, as it Is 
displaced in the finst pregnancy and probably never returns agiiin to its origimil 
position The description here given applies to that of the nulli parous woman. 
In the erect posture the long axis of the ovary is veiiical, and tlic gland presents a 
bteral and a medial surface, a tubal and a uterine extremity, and a mesovaikn 
and a free border* iTic ovary lies in a depression, named theWarr^ii/owm^ on the 
lateral widl of the pelvis ; this fossa is bounded in front by the obliterated umbilical 
^ntryt and behind by the ureter and the internal iliac arterv. The luim! pxtremiiy 
is near the extemaJ iliac vein : to it arc attached the ovarian fimbria of the uterbe 
lube and a fold of peritoneum* nanwd the suspemary iigmnent 0 / ihr t^iry, which 
contains the ovarian vessels and nerves, and passes upiv^rds over the external iliac 
vessels to become continuous Vpith the peritoneum on the major muscle 

behind the csecum ( fig. t 354) ot descending coton, TV mnuif txirefmty ia directed 
downwards towards the pilvic floor ; it la usualiy narrawer than the tubal extremity, 
and is attached to the lateral angle of the uicnis, immediately behind and below the 
uterine tulw* by a roimdcd cord termed the ligampnt of thpot?ary% which lies within 
the broad ligament and conuina some non-airiped muscular fibres. The lateral sur- 
fact is in contact with the parietal peritoneum which lines the ovariim fossa; it 
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$q>arBtea ihe o\nry fmm tlic cxirapcritoncal tissue and the ohtiirainr vtjascia and 
nerv'C. I'he m^dmi miface is To a large extent emfered with the iitenne tube and the 
periitineiil recess between this aspect of the gland and the mesosaSpinx which over¬ 
laps it is usual ly Icrmed ihc bursa orarica. The mesovaTiim bard^ b straght and is 
directed towsrtk the oblitcraied umbilical arten^; it is attached to the back of the 
hroad lij^amcnl bv a ahon fold named the mrif/varium. Between the two bycRorthis 
fold tlic blood-vessels anti nerves |>as 3 10 the hiltis of die ovary- ITie /r« hf^rdrf is 
twvcs, and i^ directed loivards the ureter. The uterine tube ancbcs over the ovary, 
ruiminj; upwards in relation to its mesovsnan border, curv'ing over its tubal extrem¬ 
ity, and then passing dow nwards on its free border and medial surface (fig, 125+)- 
In the fretus, the ovaries arc situated, like the testes, in the lumbar region near 
the kidneys, but they gradually de^nd into the pelvis fp. 3 i 6 )k 

AciaMsory ovaries may occur, either in the mesovatium or in the adjacent part 
of the broad ligament. 

Structure (fig. 1^50)*—The surface of the ovary is covered with a layer of cubical 
cells in the >ming female, which htcome rtuttcned later in life. ThiA rpt- 

gives to the ov»ary » doH ffT^y oolout aa compared with the shining amMthnr« 
of the peritoneum ^ the transition between the fattened mesothcliLim of the pen- 
tPOELim and the cubical cells covering the ovary is usually marked by a fine while hne 
around the anieriar, or mrtov'arian, b^irder of tJte ovary^ . ^ . 

The ovary* ifter puberty, has a thick cortex which cantams me ovTimn mlucles 
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and eorpom lutes W surroundH, except at the Kilos, a richly vascular medulb The 
interstitial framework or itnmta of the mnex is of a dense rexturt and cansi^ts of net¬ 
works of reticular eaiinective tissue fibres and numerous spindle-shaped cells which 
re^iblc plain muscle celU, though they contam no fibrils. The ittoms of the 
medulU is of a looser texture arul cansiati of cpiuiective tissue, wjdi many elastic 
fibres some plain muscle uclla and mimerous krge blood vcs^selxt porticukrly vema. 
At the bilus, strands of plain munclc ceMi enter the medulla from the mesovartuni. 
The cortex is much leas vascular than the medulk. Immediately beneath the gcntiinal 
epithelium the coimectivt tissue of the ixirtex is condensed to form the funi^ 
During pre^nalal life the stroma of the cortex contains small groups td 
iTximiifiai cilh, but after puberty these cells are only present in the ihcCa of atretic 
ovarian follicl^- 

OfjflWfla fdlidn .—At birth, the cortex of the ovary contains very numctoLift 

primin' wanViff folIicUf. EmH of thr« camiip of * ki^c «n^ 

4iinoundi:t3 In- • iinglr Imycr of »mall cubical or Battened cell** ihc fMaO^ crUt. 
The prt-natal devcloprncot of th«c follicle* » deacribe^l in the Embrjology Section, 
fo <7) ITie stihwqueni fate of these follicles is unoemin. It has been thnutibi 
tLt most of them degeneniK during childhood an 4 that only relatively few 
dotinent until puberty, when same deselop each month to fonn witadoe ot^narr 
iGtaaiiani feiiula, one of which usuilly mamres and niptutea (ovulation). ITiere a 
Ividencc. however, that all the pre-natal follicles deReaerete dunng cbitdhocid and 
afl^ puberty new foliiclcs are fomied each month as ingnrwiha from the giermmaJ 
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epithelium. Afi*.f puberty. duHog the ‘ dtild-beprinff ^riad ‘ ftf 

to the time of the mcnopauMj. the cortr* containB ovarian follieles and mipon iutea 

in alE sni«c* of developnwnt (fiK- lajo)- , - u r r,n,.nh^r 

■I'lie^mary follicle develop* lo'o a vesicular follicle m the followuiB 

'I'he folli™lar «!!* multiply and become many layered ; a 

«mtBinlnit fluid (the liquor appears between the cells 

tvio coUection*. The outer «t form the mfnbrnna 

sunourd the ovum and attach it tonne pole of the follicle, form the 

(fig lis ij. The stmmal cells of the cones of the ovary- form a ahcaih (the tAeea follt- 

^i) antund die follicle and this sheath is differenttated mto an inner part, ‘lie 

ittiema, \\hich is nx^tliilor in character und permeated by a CBpillaio^ plexus, And an 

outer pan, the fimjVa which h fthroui in chowter. The tunsca snterna is 

Bepftnaltfd fttjm the mcnibrana i^nmuiiijsa by a dclicntc haAcmemt membiratiet and 

ihc fr^hicle is approaching ia full development, the tunicA mtema l^ecama well- 

defined and cnMlitutci the ^ thecal v^Und \ 'fhe ceils cf the mmea .riTcma and 

of the triLinbrono g:Tanul&Mi produce ccstro^nic hortnaiie (astnidinl). and thedewlnp- 

ment of the faltlclc itwlf is atimolatcd by the Roniidotrophic hormom ot the bypo- 

phvsis ocTcbri (folhcle sTtmubcinH hormone ^ F.S.li.)* Meitnwhilc me oGgntnum iit 

tlW primarv fellicle becomes converted into r pmtuir>' oik:ytCy and the Inttcr djvn cs 

imiJ a Mcondiiry oikyte ai\d a first polar body. When the fully developed vcsic^r 

ovarian fr>lliclc ruprures (ovTilntinii), it is xbc secondary oflc^^c which is extroded, 

and the second ptilHr body is not formed unless fertilisation takes place. 
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A fulty developed foHiele is to mm. or more in dismetcr. As a rule,, only 
follicle fully matures and ruprunes in coch manthly mcnstruiil ty^clc ; in some cycles 
os^lstiou may not c«ciir (anmulaiory cycles^ iJowceer, icveniL other primary 
follicles also develop to vary ins extents to fains aatiall ve^iLular follicles^ bur they 
utstlef>co de^enenition (atxetic follicles) and ihe cells of the tunica inlctna of each form 
ihe inicrstitM crlla of the ovary. 

OrWttfJpcfr."When the fully ripened vesicular follide ruptures on the surface of 
the ovaiy, the oficytct aurruunded by folltcular cells of the cumuEua odphoms^ 

IS normally expelled and passes into the utcririe tube alonf* its fimbriated end. If 
fertilisation occurs, it normally takes place in the lutcroE third of the uterine rube. If 
fertilisation docs not occur, the ofleyte begins to dcgcncmic after a short time (24-4*^ 
hours). Ovulation most frctiuently occuts 13 to 16 days before the anticipated onset 
of die next menstrual cycle* though it may occur <ajt 5 idc these limits. 

Cf^rpiii lufami .—After ov'uJarion, the waU of the vcajcukr ovarian fotltclc collapap 
and becemurs fulded. die cells nf ihe memhtana granulosa t^me greatly inctea-^ed in 
aiic and a yellowish caroicnoid pigment i Lulcm) is formed in their cjlopl&sm. ^iliese 
cells arc called, luteal crIU and they farm the major pari of the Itileam (fig. rijo). 

Sfjme smaller celts {paralutcal cells)* derived from the cells of iiw tunica interna, also 
lie on and between the iiupetficial tuleal cells. Hkwxl capillaries gtow in from the 
vessels in the ttmica interna and Itc betwce.in the luteal cells. A little blocKl clot 
occupies the interior of the corpus lutcum. If fertilisatkin docA not OGcuT^ the corpus 
lutcum has a functional life of about 13 to 14 days, after which it shows pmirressivc 
dcgcneniTivc changes. Such a corpus luteum is known as a r^rpui iutatm of 
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tioH. The dsBenenitive chnnucs include fatly dfscncMtion of (he luteal eella and their 
nniduaJ teplacctnerti by fibrous tisiue (corpus albtcanBl, So that cvenmally, after a 
period of about two toonihs, only a kubII fibrous cienins iwnaoB. ITw sywrBrt 
activities of the hypophyseal Konadotmphic homione^folliclc atimulatinjf hotmiMie 
fF,SJt.). lutdnisinu bormone (L.H,) and luteotrophic hormone fL.T ,H., or pr^ 
lactin, or !actoEen>--flre responsible for the convemion of the «raiiulosa cells into 
luteal cells. ITiC luteiil cells produce the lioiroittie proBCsteronc, and btnh the luteal 
and paraluteal cells produce some cestradinl. The action of these 
(progestdotte and cesiratliol) on the endometrium of the utcnis will be dcsenbed 

pr^wJney occtos. implantation of the blastocyst in the uterine endometnum 
normally beirina on the Kvenlh day fnllowins ferulisatimi, and the tmphohlasl pm- 
diicea hotuuinefl (follicle stimulatiuK honnone. luteinismK hiirmooe. pwficstEtone and 
tzatradiol) These follicle stimulatinK nnd luteiniiong hormones are known as chori¬ 
onic itonadotmphins and thev stimulate the Porp“» lulcuni of mensiniatic.n to tncreaK 
in size and prok.nR its arlivity. Such a corpus luteum ts Iramvn .» a curpirWri cm- of 
prrawiirt-. W'hcrcos the corpus lutcunt of memtruation is active fnr only about 1J to 
M daysW uausUy is about t cm* in diameter, the corpus lutcum of pregnancy 
increases iti size m reach about 15 cm* diameter a^iut rbt middle rd pregnaiicy 
and remains eclive until late in prcimoncy. By the end of preKiwm^’ 't ■» 
about I cm. in diameter and Kradunlly. over a penod of some months, undeegnes the 
same dcRcnerntive cfuiDEias os occur in the corpus lutcum of menstniauon. 

As the female becomes older. I he ovary becomes mote and more fibrotic due to 
the foimation of tbe eotpOra albicontw and, after die menopause, which ociruts usually 
near the age of fifty years, the above chunKC* in die os^ry, mvolvinR the formation ot 
fuUlcle^ and cotpuni tutefl* ccast,. 

Vessels and Nerves,—ITic tiTimti of tbe ovaries and oltnnc tubes are the ovanan 
arteries fimn the aorta {p. Sob). The eriws etnerite from the hduB in tbe form of a 
pkius, named the pifxut ; the o«nan «,n ,, fonned fmm this plc^^d 

^ves the peK-is iti compsnv with the artety fp- S 73 >. Eht lymph vesseli are described 
on P. 007 . 'I'hc Fimvr ate derived frum the ovarian plems (p. tziyf. 

Epoo'phoron (tifi. 1140)-—The epofipbomn lies m Hk; lateral part 
natpinK bctiveen the ovars* and the uterine tuhe. and tnnsists of m to 15 short tubules, 
the frmmewe nf the er"sCphomti. which cameigc towards the o«it and end 

blindly, while their other ends open into a mdimcntary duct, the ‘7;;'/’/ 

tht epoGphorifn, wiiicli runs niediiilly in the brood hf^imnt of ilic utems, parnlld with 
the lateral part of the uterine tube. Frequently, the «PO«f hoton and 

fimbriated end nf the uterine tube, one or more small cyst* are present (the apptHiiteff 

pTopartion of subjwls the lonsitudiiuil duct of the epoephoron can ^ 
followed aUingsidc the uterus to neat the level of the mtctntil os. Here 
muscular wall of the utenis and descend* in the rerv« uten, gradually approavhmg 
the inucous membrane, w ithout however quite reaching it, ITtc duct tiren run* down¬ 
wards in the lateral wall of the vagina and end* at. or dose to. die free tnariim of 

Fi^phoroti.—The paro(lphofon consists of a few eesttered rudimentary tubules, 
best seen ^ the child, situated in the broad liBamem between the epoCphomn and the 

The tubules of the epoaphomn Jincl of the porodphoron are remnan ts of the tubules 
of the mesoftephrtM : the duct of the epoaphoron is a pereisient portion of the meso- 

duct (p+ 207)* 

Tub Vjmist Tubes (fig^* 1249, 1253) 

Tlie uterme tubes, i\yr> in namHcr, tfaiismit the fnim 
cavitv pf ilie uterus, and are situated in the upper margins of the bread lipnenis of 
the uterus. Eathtiibeisatwutiocm. bug, and otic end of it opens inioihe supenor 
ancle of the cavitv of the uterus, the other into the penmneal cavity do« to Ihe 
ovary The open'inE into the uterine earity la very smII, and admits only a fine 
brMc ; the opening into the pcrihuieal cavity is oattied the ahdomwal ttpening, and 
w hen its muscular viid! is relaxed lias a diameter of about 3 mm, I he abdominal 
oocning is situiiu-d at the hoitom of a miiTtpet-shaped expansion tif the utetme tube, 
tcmted the tnfuiiJitmfum. the rircamferente of which t* prolonged into a 
number of irregular pmresses, called Mrnr. and therelWc this of the 

”uLe?soinctin 5 » «Ued theJimhrmlJ r«d. I he inner surfaces ot the hmbrue are 
rned bv mucous membrane, and in the larger hmbrtat this exhihiia longitudiMl 
fdda ivkich are continuous with similar folds m the muwua hnmg of the inftm'li- 
biilum One fimbria, longer and more deeply grooved than the others, is attached 
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to xhc tub^l esciretnity the ovarVi Jind te named the ot><jrjan Tht mfiiitdi- 

bulum openfl into Uie of the tubet which is thin-walft:d and tortuous and 

forms rather jiiore than onc-half the entire length of the tube. The ampulla is 
succeeded by the Uthmu^, which is round and cord-like and constituied appmxi- 
mately the medial one-third of the tube- llie part continued ftom the isthmus 
through the w all of the uterus is about i on- long^ and is named the pan u/friru* iub^. 

'Fhe uterine tube is directed bterally ss far as the uterine extremity of die uvary^ 
and then ascends along the mesm^arian border to the tubal extremity of the ovaryp 
over which it nrclies; tlnaJly it turns downwards and ends in relatioTi to the free 
bo rder and mcdtsl surface of the orary, In connexion ividi the fimbria? of the uteri nc 
tube, or with the broad hgament close to them, there arc frequently one or more 
small pedunculated vehicles; these are termed the apprndicts eericafow ^ 

Structure (fig. — The uterine tube consists of three coiitii ' iseroua^ tnuscular 

and mucona. The extrrrfulp or rfmuj, coal is peritoneal. The middfe^ or muicutoTf coat 

Fio. —Traiwv^rfe feetion of a human utetinc rube (■rnpulla). 

Suined wtih hemstetylm and ccaiti. k 



consLils of an external longitudinal and on internal dreukr layer of non^criped 
muscular fibres continuota with th™: of the uterus. The mtgmal^ or mticous. &ai is 
cantini^ with the mucous Umng of the uterus. || k thrown into Longiiudinnl fo|da> 
which in ihc ompidlji are much mone extensive than in the Uthmus. 'Vkc lining 
epithelium is o^lumnar and ciliated. This fomi of epithelium is also found on the 
inner surfaces of the fbnhnie i while on the outer or serous surfaces of these procasea 
the epitheliiun gradually merges into the mesothelium of the peritoneum. 

jlpplUd ^Mtowiy.—Pelvic peritonitis occurs much ittore frequently in the female 
than in the male, because infccdve eondilions of the vagina, utena or uterine tube 
may involve the peritoneum by direct spread, owing to the eommunicatiem which 
exists between the peritonefll cavity and the lumm of the tube through the abdominal 
npemng. Wlxcn pus coPeets in the rectCKutcriiie pouch, it may be palpated through 
the postennr fomuc of the on account of the peritoneal relations of the upper 

pare of the posterior vogmaJ wall (p. 1510}, 

TubwJ inflanuiMticin iia!pi»eitit) » ustmlly due to infectioiw which h»vc spread 
upwmitl* by way of the vMginii and utenji In numy cases the funluiatH} end k the 
tube may become dosed by adhesions and a collection of pus foima ia the tube 
(pyVTttlpmx). 

FcrtiliaatiiHi of the ovwn fp. 6j) in ihc ampulk of the uterine tube, and the 

fertilised ovum ootmally is then passed on into die utenta ; the ovum htmweF mav 
adheic to and und«Bo development in the tube, giving rise in the mon n o nfitr viriety 
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of mopie gMtaU'm* In cases the amniW Hdd charidii are formcdp but ei mie 
drcidua h tKvtr present ; and the gestation usuoUy ends by extrufion of the ovum 
throkigh tke abdominal opening. alihtniKh it la not iinoofninon for the tube to rupture 
into the periloneal cavity* this being a{:crinipanied by severe Jnemorrhoge, and neces^ 
sitating «urgica] jnitrference. 

Tnt Uterus (figs, 124^, 1253, 1254) 

The uterus, or womb, is a hollovi^i thick-walled^ muscular organ situated in the 
pelvic cavity becw'een the uiitiaiy bladder in front and the rectum behind^ Into its 
upper part "the uterine tubes opeu^ one on each side, while below, its cavity com¬ 
municates with that of the vagina. When the ova are digchitrged from the ovaries 
they are carried to the uieruio cavity through the uterine ttibea. If an ovum be 
fertilised it imbeds itself in the uterine and is normally retained in the uterus 
until prenatal development is completed^ the uterus undergoing changes in siae and 

FiC. 125 Jr—A fetiudK pelvis and its comentv^ Viewed from above and in front. 
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Structure to accommodate itself to the needs of ihe gnswLng embryo. After parturi¬ 
tion the uterus returns dlmo^ to its fonricr condidoti, but traces of its culdt^ement 
remain. For general descriptive purposes the adult virgin utonis is taken as the 
type form. 

In r//e virgin siaU the uterus is i^atecned from before backwards and is pyriform 
iti frh^ipe., with the nuTrovr ctid directed downwards and backwards, k Iks l^tween 
the bkddcr below and in from, and the sigmetid colon and rectum ahova and behind, 
and is completely below the kt^TcJ of the pcHic inlet. 

The long axis of the uterus usually lies approximately in the axis of die pelvic 
inlet (p. 405), but as the organ is frcLly movable: its position varies with the state of 
distension of the bladder and rectum. Except when much displaced by a distended 
bladder, it forms an angle wi!th the vagina, since the axis of the vagina corresponds 
to the axes of the cavity and outlet of the pelvis (p« 405). 

The uterus measures about 7*5 cm, in length* $ cm. in breadth at its upper 
and nearly 2-5 cm. in thickne^; it weighs from 30 to 40 gm. It is divisible into 
two portions. On the surface, a I itde bebw the midd !c, there is a s| ight co nstriction, 
which corresponds to a narrovimg of the uterine cavity, named the mtemaf os of the 
uterus. The portion above the internal os ts termed the body^ and that below, the 
cervix. The part of the body which lies above a plane passing through the points of 
entrance of the uterine tubes is known as the fundar^ 
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Body*—The body gradosUly narrows from the fundus to th^i internal oa* 

The vtfical, or iro^rrjor, aur^flcc h In apportion with the urinaiy bladder, k is 
flattened and cm^red with peritoneum, which h neflecied oo to the bladder as the 
utera-s^jcal fold at the level of the internal q$^ "fhe; recess or pouch between the 
bladder and the uterus is named the wjfco-wfmwr pfmL 

The tnUitiKal, or pM^mbr, mr/ace is convex tranavctsely, and is coveted with 
peritoneum fe which is continued downwards on the cervtK uteri and the upper part 
of the vagina bcfoit being reflected backwards on to the rectum {fig. 1254)* It is in 
relation with the sigmoid colonp fiom which it is usuallv separated by the terminal 
coil of the iiturrih 


Fio, 1154.—A med tin sarnttAl KCt^ ihmuph ihe female pchiik Tlic pefitoneum 

u ihowti in blue. 
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The Jvndus is convex m ali directions, and covered with peritoneum oontinuou* 
with that on the vesical md intestinal surfaces. Some coils of small intestine, and 
occasionally the distended sigmoid colon rest on it. 

The morjfrnr are slightly convex. At the upper end of each the uterine tubo 
pierces the uterine vmll. Below and in front of this point the round ligament 
of the Uterus is fixed; below and behind it the ligament of Uic ovary is ettaciied. 
These three structures lie within a fold of peritoneum, named the broad liga- 
ment. which stretches from the margin of tlie uterus to the tatcraJ wall of the 
pelvis. 

Cervix.—The cervix is about 2 "5 cm. in length ^ it is narrower and more 
cylindrical than the body, and is a little wider in the middle than above or below. 
Owing to its relationships it is less freely movable than the body, so that Its long axis 
is seldom in the same straight line as that of the body. The long axis of the uterus 
as a whole presents the form of a curved line with its concavity forward, and the 
organ is described as being In extreme cases there may be an angular 

bend at the region of the intenwl os—acute anteflexion, When the l}ladder is empty 
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Fw, 1255.—The potietior twlf of the 
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the bnp axis of the cervix meets the long axis of the vagina at an angle which is open 
fonvards and downw^rds^ and the whole utenia is ihcrefopc tumexi forwards on the 
I'agiruL, or aKtfv^ted. 

The cervix projects ihrough the anterior wall of the va^na^ which divides it into 
an upper* supravaginal portion* and a lower, vaginal portion (lig. t254l, 

'I'hc ^prai?agtnai portion is separated in frmf from the bladder by cellular tissue 
(parsffirtrium)# which extends also on to the sidca of the cervix^ and laterally between 
the layers of broad ligaments. The uterine arteries reach the marginB of the 
cervix'in this tissue* while on each side tJ^c ureter runs downwards and forwards id it 
at a distance of about 2 cm* from (he cervix. Pii^irmrly the aupravagidal cervix is 
ooverod with peritoneum* which ta prolonged below on to the posterior i^ginal W'sdl+ 
whence it is reflected to the rectump forming the recto-uterinc pooch (p- 140^), It 
is in Tctaiion ^vith the rectum, from which it may be separated by the terminil coil 
of the ileum. 

The vaginai portion of the cervix projects into the anterior wall of the vagina 
between the vaginal fomices (p. 1520). On its projecting rounded extremity there 
is a small, depressed, somewhat circular aperture, temicd the external or of the 
titerui^ through which tlie cavity of the cervix 
communicates with that of tlie vagina. In 
women who have borne children the external 
os is hounded by t\vQ Izpsp an anterior and a 
posterior, of which the anterior is the shorter 
and thicker, although* on account of the slope 
of the cervix, it projects lower than die post- 
eriorn Normally both lips are in contact with 
the posterior vaginal w'alL 

Interior of the uterai^ {fig. 1255).—The 
cavit>' of the uterus is small in compartson 
with the size of the organ. 

The cavity of the body is a mere slit in 
sagittal section because the anterior and post¬ 
erior w’dls axe almost in contact. In coronal 
section it is found to be triangular in shape, 
the base being formed by the iiitcmal surface of 
the fundus between the orifices of the uterine 
tubes, the apex by the internal os of the uterus; 
through this □rificc the cavity of the body 
communicatra with the canal of the cenHx. 

The canal of the cervix is somewhat fusiform^ flanened from before backwards* 
and broader at the middle than at the ends. It communicate^ above, through the 
internal os, with the cavity of the body* and belaw% through the external qg* w'iih the 
vaginal cavity. A longitudinal ridge is present on both the anterior w"al] and the 
posterior wall of the canal and from each of these ridges a number of smalL oblique 
columns, named the palmate /o/dr» proceed, giving the appearance of branches from 
the stem of a tree ; to this arrangernent the name arhar vita uteri is applied. The 
folds on the two walls ate not opposed, but fit between one another so as to close the 
cervical canal. 

The total length of the uterine m'^iXy from the external os to the fundus ia about 
6 cm. 



According to II, Slw!^■e,• ihe upper third or less of the cervix, w'hieh has been 
termed the Uthtnusi, presents certain features which differentiate it from the rest, 
ife haa pointed out that, although It is unfiffeeted in the lust month of pregnancy^ it 
is gradually tiiken up In to the b^y of the uterus during the aecond month and fonris 
the ‘ lotcer ulerine irgmenf ' of En^ish obftemcianB, The fosfal membranca, though 
firmly blended wirh the rest of (he uierirte mucoaa, are not nruicbed to the lower 
uterine segment. In the nQti-prtgnant uferos the isthmus ufidergoci changes aasoci- 
ated with rnenitmation similar tOi but less promunced than thcae w hieh occur in the 
body of the organ. Histologically the iithimoa Ttsembles the body mote than it 
resembles the cervix ; its lining epithelium is low cylindrical in. type and is dliaied ; 
ill mucous coat is thinner ; and the glands are fewer in number. 

• H. Sdcvcp Der Haluctl dcr menschlicHen Gebiroiutter," LeipziR, 1527 * Sec olio 
O. Frtnklp J^mat of OdfUtria and GyTweoh^- &/ thg Bniith Empire, 40, 
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Chwigi^ afTectifig ihoul^rus.—The fonti^ sbe Atid 
aituAtion of tlie uterus i-ary it diifcnnt perwds of life 
and in d^crent cimiiu^tancc?. 

In ikl the utetm prciji!!^'t3 ibovc the inlet of the 
pelvis. The cervix i$ considerably larger chip the body, 

.df pubrrty the uterus is pyriform in shape, ind 
wci|!h$ frum 14 10 17 gms. ITie fundua is just below the 
level nf the inlet of die pelvis. T*hc pilntaie foldfl ste 
distinct^ and extend to the upper part of the oaviiy. 

The position of the uterus tn ihf aduif is linble to 
considerabic varindoTit depending chiefly on the 
condition of the bkddtr and tectum* When the bladder 
h empty' the enlire uterus is directed fonv'irds^ and is at 
the iunc time bent on itself at the junction of the body 
pud cervix, so ihiit the body lies upon the bbddcr. Aj 
the latter fills, the uiertis gradually becomes more and 
don: erect, until with a fully distended bfadcirr the 
fundus may be directed lowsrda the lacrum, 

Diiring the ai|?a.n ia enlarged^ uid more 

vascular, and Jit tutfaces irc rounder : the rstcmal at is 
rounded p its lips swollen^ and the lining membrane of the 
!body k thickccp softer and of a darker colour. 

Duriifji pref*ttitficy the utprui becomM c-normously 
cnlaq^, and in the eighth month retches ihc epigasErie 
legton. Thp incteate in mzc Is partly due to growth of 
prcHTxisting niusoukr and partly to dcvcJopnicni 

of new fibres, 

AfliT pijriuniion the uterus nearly regains its usual 
size, weighing about 42 gm. ; but its cavity' ia krger than 
in the vjfglti ptaie, its vea^b arc tortuous, and ita 
mu^euW layers are more defined i the external os is 
more pfmnlnenlp nnd ici edges present one or mom 
hEsureSr 

fpi alii ngf tbe uterus becoma atrupbiedi and paler, 
and denier in tcxiumr a mote liistinct conislnttlon 
separates the btaly BJid cervix. 'ITie tntEmal o 9 is 
ftenucntly, and the external 09 occastonallyp obhic rated p 
while I he Jip9 almost cnlirtly disappear. 

Struclut*-—The uterus ta composed of three coats: 
an CEtemn] or semuip □. middle or tnuacularp and an 
internal nr mucous. 

The ufoui taat (or p^cwMlmnw) k derived from the 
peritoneum wluch posteriorly covers the body and 
supravagiiml port of (be ccrvkp but in front covers the 
body only. In the lower one-fourth of the intestind 
aurCcLCe die pejitoncum is not closely connected with the 
uicniSp being aeparateii fTTm ti by a layer of looac ocJIular 
tifsue and some large veins. 

*rbc irwu-ulur ioai {or »t>>£i|np^rTiiffl) forms the ehief 
bulk of the substance of ihc uterus. In the virgin it is 
dtTOe, Finrip of a greyish colourp and cuts almost like 
11 is thick opposite the mi ddle of the body and 
fundus, and thm at the orifices of the uterine lubc^. It 
conskts of bundles nf unstriped muucular fibres, in[er- 
mixed wi th aieotnr tisfiui:, blood-vesselsj 1 jimph %'C9Seb 
and ncrvi'3. During pregnancy the niuscular tissue 
becomes mare prominently developed, the fibres being 
^catly enlarged. Al though the unstriped mufi^uliir fibres 
interlace in all directior>9. they arc oinmgcd in three more 
or less dktinct layers ■ external, middle arid rntenruiJ. 
llw: muscle cost of the cervix crjntaim more librotia and 
elastic tissue than that of the body. 

llie exterml layer ennaists chiefly of longitudmal 
nbres, which pass over the funduSp andp onn^'ergifig at the 
lateral angle on escli tide of the uterus* arc conti nuet! on 
ihe utettnc tube, the n>un J Ugoment and ifie ligament of 
the o\'ary ; some posring at e^ch side into the broad 
ligatrumt, And olliers runn.irig backwards from the CErvix 
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into the utcrosacral tiganicntfi^ TIte middle fa of fibres is ih* thiclrestp but pre^cnta no 
re^Urity in its arrantfemcnl; being diapn^ed U>ngitudinfllly, obliquely and tpnsvently; 
it canE4jns the iirgicr blooii-vesscla. Th* Internal liyer conslita nf longitudinal snd 
circular fibres, llic deep toils of the uterine glands cotnc into cIckjc relanon wjih 
the fibres of ihc intctnal Imjtr. 

lltc irrifcouj mrmbranf (or CffJojTt^/ritrm) (fig. 1156!, tnva the uttms, and is con- 
dnuouH^ through the fimbriated cJctremitjes of the utoHne tubes, wirh the pcnloncu-tn, 
and, thjTHigh the i^jctcmal os of the uterus, tviih the Unings of the vagina. 

In the body of the uterus the ttiut-ous membrane is smooth and of pale red coEourp 
and its free surface is covered with columnar epitheJium. Prior to puberty the 
epithelium t$ ei|iaicd+ but owing to i» pcriiKlic dtstmetion in the prtxaa of menatm- 
alinn and pregnancy il is usually non-ciSiated over large areas in the adult uterus* 
The muco$a consists of an embry^onic nucleated and highly cellular form of con- 
nectiv-c tissue hi which run blood-vessels and nuTncmLis lymphatic spaces. I t containa 
many tube-like ^iandi, which are lined with ciliiltcd columnar epithcHum and 

open into the cnviti|i' of die uterus. 

CvCUCAt CllASceS L'^ TllE UTFJtlNR Ml.'COSA {figS- tOl-lOS) 

The significance of these changes is described and figured on (pp. 

During the reparative phase« for ahout seven day* after the cessutinn of a mensiruali 
flow, the cells of the uterine mucosa show great activity which is evidenced hy the 
presence of many mi tot it figure*. The glamls are straijibt and narrow, but sctreiJon 
i* beginning to atcumulfitc in the lumen. Duri/ig the lacer part cf this perfod thieken- 
ing of the mLii:osi cease* and it become* quiescent. 

During the period follow'irig ovulation futther thickenmg occurs ivhich is due 
mainly to acainiuiucioti of gland secretion and the ertravusarion of fiuiJ into the 
*trom* uf the mucosa. 'Ilic Rlanda. especial ty in the middle zone of the mucosa* 
beemne dilated and tortuoLisand the glandular epithelial cell* more fintlencd in shape. 
There is marked iitcrease in v-ascularTty' of the superficial orw-third whlch^ instead of 
containitm: only capillaries and venule* b* bi the reparative phiisc, is invaded by tortuous 
Arterioles from the deeper plane*. 

In the premenstrual phase,* for a day ot rivo the coiled arteriole* in the superficial 
third of the mucosa become ODnstricted and tbia, together with the conaequent 
reduction in the atnotini of tissue fluid produeedp causes some ahrinksMc to occur. 
The cell* in the stroma beeome more numerotis and closely pocked. FJnfllly. for n 
few hours, the eircuklion in the supcrfkisil none cease* altogether, 

A* an immediate prelude to ihe menairuol flow the superfiefaJ vessels dilate again^^^ 
become engorgeef with bfnjod and fintlly buret, v* thaT blood burrow* inm the stroma 
and under the cpiihclium. liistcad of eloiiing, the blood on aciriitnukting and 
eventually bursts through the nccmiic epiih^lium which is tibed with it, leaving a raw 
surface. "The amount of tissue shed, although variable^ alwaj's involve « considerable 
part of the STrufum spongiosum {p, and may include about two-thtrda of the 
total ihcckncBa of the mucUsa, The deeper parts of the mucosa have not been aruemic 
end remain normal. Later the epithelium mjgrares from the mouth* of the tom 
glands to re-cover the raw surface, a superficial capUlary circulation i* re-established 
for it* nutrition and b new repBratlve phase beginii. 

The changes in the tTidometrium during the menstrual cj’clc thus no^ally com¬ 
prise tliree esscniio:! pluises. The fim phaic is the breakdown cir ' bleeding ’ phase 
its duration is j to 6 days and during It the etrotum comp^tum and most of the 
stTAtum apongfosum hccomc necrotic and the cndumctTium is reduced to about 0 5 
mm. in thickness. This is followed by the pre-ovulotoiy for follicular) phase, itt 
which, under the siimukting action of cesirogenic hormone fcestradioT) produced by 
the ovarian follicleSp the endometrium is repaired AOtl tnert-ases in rhieknessp though 
rise glands contAin veri' little secretion and art straight and nan:T>w. The third phase 
t* the pti^tHJViiLifory (or progestatianaL or iccretuiy, or premenstrual) phase, in which, 
due to the synergic .tcifon of progesterone and ctsfrodiol produced by the corpus 
luteum, the endometrium is further thickened to resich » thickfies* of 5 rnin. to 7 mm.s 
and the glands become diliiicd, tortuous and filled with secretion which i* rich sn 
glya:»gcn and rnucm. \Mu2ji the corpus luteum ceas^ to function, the endometrium 
breaks down, apparently due to ibe cqasation of the .stimulating action of progesterone 
and fcftttadioh and the ncstt mtnstiual cycle thus commences. If pnesnancy occurs, 
the chorionic gonedotrophin* fp, 1511) probfig the activity of the corpus luteum and 
consequently rir^ endoTnetrSum doe* nc^t break dowTt but liccome* even more thickened 
to form the decidua of pregnancy. In the absence of ovulation (anov'ulatory cycled), 
no progesterone r* pr&duci-d and the endomutrium doc* not ahnw^ the character* of 
the secretory (post-ov-ulolory) phase j at the end of such a cyde the bre^do'^vn of 
the endoTnetrium is due to ihc rtssotion of activify of the ovarian follicle (" tEstrogen— 

•Consult G, W. Ikiririmcr, Cofitnhatiom io 34, 1933* 
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i.vilbdrawal bl«dinn ')- Ttic UrtymoB membrEmc lining the ecniac of the uteras doc* 

jMPt undcreo the above cydieflJ eliangcs. , , 

In the upper ttiq-thirds of the ctrtiK, the mtimus mranbrant la provided mm 
ftiimeTuua* deep. eLandular Collidei which Secrete a clear, visdd, mlk^inc muom ; 
and in mddition, erfepdinff through the whole length of the canal a vnjiahle nnmtKr 
of httle evata art found* pre*umablv follidc? which have become occluded Jtnd (hi- 
tended with retained iccfttion. 'Hiey art called the mada JVafiorfti, The mucoui 
membrane covering the lower one-half of the CKTvical canal pr^enra numemiM 
nspiilie. The epithelium of the upper two-diirdi is cylmdrioal and cihaml^ hut below 
xhk it 1 - 09 CA ita cilia^ and^ close to the external oo. chunge* to strorihed sqaannaus. On 
the v^jjinal surface of the ccrvii the epithelium ii similar lo that lining die vagina^ 

vii 4 stralihcd iquamouA. _ * . r ^ 

Vessels and NerVei-—'ITie arteries of the uterus are the uticMe bnmch of the 
intemal sIIhc orter? (p. Sog), and the ovarmn branch of the abdorniuii] eorta (p* So 6 >. 
They ate remorhable for their tortuous (xmree in the aubsmnee of the or^n (fig- 1157)- 
The termination ofthe ovarian aneTy ruects that of the mcrinc artery, and forrm an 
anasumiotic tmnk fmm which branches are pven off to supply uterus. The iwjif 
are of large alECp and correspond with the arteries, *rhcy end in the uterine venous 
plexuses. In ihe impregnated uicms the arteries eanrj' tlie blood to» and the veins 
convey it *w*y from, the intervillous Space of the placenta (hp. to®). The tymph 
vttsfli are described on p, ^ 7 # The ntrv^ are derived from the hypogastric and 
ovarian pkiu*«^ and from the pci vie spljmchnic nerves (S =, j, and 4)^ they are 
desenbed on p. liai. 

Fio* —The kft uterine snd oi'ariun arteriits of an unniHjnifd giri of 17! yeart. 

Posterior ispect, (Fnan a ptepumdon by IrltuniltDi) Drmmnnnd] 
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Applif^ Attain ^'-—^ certain ainoLuit of antever^ion or retroversion of the ulcru* 
can take place without the conditroiis being lu^rded as iiathDlogicah but when the 
degtcc of tteJtion at the junclion of the body with the cervix becomes considerable it 
must be regarded bs a morbid conditipn, ITnis ia especLsUy true of retmvenlon com¬ 
bined w ith retroliexion. Rerm^^ersion alone is fallittg back of the whole uterus, so 
that ihc cen'ix points forwards towar^ the Oi pubis ; retroflexion is a benciing back¬ 
wards of the bodv* at its junction with ihc etn-ur. The two (^ndltians am usimlly 
combined. Prolffpsc of the utems is another comr^n infimtity. The organ sinks to 
*n ahnornifllly low level in the pelvisp and samettmes protrude beyond the vulva. 
ITiis condition is uflually due p imperfect repair of the pelvic floor following a tear 
of the perineum during partunlinn (p. 005). 

Ligaments,—The uterus is connected iq the bladder, the rectum and the walk 
of the pelvis by □ number of ligaments; flome of these are ^riionea] ligaments or 
folds, while other* consist of mistript-d muscle and hbrourn tissue. 







LIGAMENTS OF THL UTEltGS > 5*9 

The untfrior t^amnt edflsiftta of the utera-vesieal folil of peritoneum, which is 
reflected on to tlie bladder from the front of the utenia, at the junction of the cervix 

*"^The poffmwr iigamfat conaiats of the Tect/f-vagtnal foU of peritoneum, ^ 

reflected from the back of the posterior fornix of the vagina on to the front of the 

rcctuiT It forms the bottom ofa deep pouch caUed the rfcro-afmi« poucA whidi is 

bounded in from by the posterior of the body of the ute™. 

portion of the cervix uteri and the poatenor fornix of the vagiM; “ 1 ^ 

rectum; and laterally, by mo crescentic folds of pentoneum which 

from the cerv ix uieri. one on each side of the t^nJ* to the posmnor '^“ 1 '^ 

pelvis Thtse folds are named the recto-uterine fotdi. They contain a oonsidcrahle 

Jmount of fibrous tissue and non-atriped muscular fibres, which 

from of the sacrum and constitute the utero-sacrat hgnm^itu- On rec^ examination 

the utcro'sacral ligaments con be identified as they pass backwards at the sides of the 

I’he frw btoaJ (fig. lipj) pass from the marptis of the uteru^o the 

lateral walls of the pelvis. Together with the uterus form a sep^“'" 
female pelvis, dividine that nivity into two portions. The anterior part cw^na tim 
bladder; the posterior port, the rectum, and usually, the termuial coil of the ileum 

”"^Whm thl-wLld^ is empty or only slightly distended, the surfaces of the b^ 
ligament arc directed upwards and downwards and it Itas a free anterior and an 
aSed posterior border. . 4 s the bladder fills tliejlane of the 
its free bmder becomes superior In ptisition. In this condition of 
broad ligament consists of anterior and postenor layers, which are contmwia with 
each other at its upper, free border, and diverge from each other below, where they 
reach the i.evmor ani muscle. The uterine m^be is contained m the fret 
the adjoining pan of the ligament is termed the mfjoiaiptnx- The infundibulum of 
the tube pr^jLs from the free border near its lat^l 

attached to the posterior layer by the mesovunum. I he poitiM of the br^hg 
ment which extends from the infundibultim of the tu^ ni-rvcs and 

ovarv to the bteml wall of the pelvis contains the 

lymph vessels and h termed Utc sm/n-irmryo/ the ^ 

&y over the external iliac vessels as a distinct fold. 
uterine lube, the mesosalpinx comaiT« the epoophoron [p- t^ 0 an«L 
end, the paroophoron (p. 1511) and anastomosing bnmclirt of tlxe “J 

ovarian 'Hie uterine artery insinuates itself bnw«ii the laycm of thv broad 

ligament at its inferior border, about I'S m. lateral to the ‘J ] j 

crossed the ureter (p. 1481 >. It then ascends m the media part of the h^ent and 
turns bierallv below the uterine tube to anastomose with the ovanan artery, In 
addition to all the atructurca alrendy enumerated, the broad 
the ligamcm of the ovary (p. 150«). the proximal part of the round ligament of tlic 
ulcnis and some unstriptd nnaacEe and fibroartoliir tis&tJCv 
m .2SJ).« .wo n.rn» Bj, tand. 

i2cin lone situated between the luvers of tlic broad ligament m front of imd below 
the uterine tubes. Commencing at the lateral angle of the uterus each ligament w 

11«™. u>d the obliterated umbilinil unay end over the csteenal diec It Iheo 

Dosses through ilic deep inguinfll ring, hooking round the commcnc^cnt of the 
Er cStric artere. and traveraes the inguinal canal to reach the bb.um 
majus, io wdiich it Is lost. The round tipment consists 

tissue prolonged from the uterus, hut also j^ntams some sreokr •■'f« 
accompanied by blowl-vessels, lymph vessels and nerves, and m Uic fmius a 
lubula? process of the peritoneum Ifirxeiftii fagma/u] is »nied '^'*5* 
distance into the Inguinal canal. The processus vaginalis •* g«iendly obliterate n 
the adult, hut sometimes rtmain* penious even m advanced life. It corresponds to 
tlie proccssiai vacinalb whith precedes the ilesceni the tcsisSs . 

The round ligament and the ligament of the ovTiry are together homologous with 

die Eubernaculum testis in the male. , . , . .1 

In addition to the ligaments just described, tliere is a b^d sometime named 

the /vumenium froaiterm/ir cM (Mackenrodt) on «ch side 

attached to the side of the cervix uwn and to the vault and lateral fornix of the 
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vagina, and is cominudua with thf fibrous tissue which surrounds (he pelvic blood¬ 
vessels, probably plaviog □ considerable part in maintaining the position of ihe 
Uterus^ Other dense parts of the pelvic fascia connect the oen'bt of the uterus and 
the upper part of the vagina to the back of the pubis. 

\Miile the lig^cnta [as ivcll as the vagina) act 419 ‘ supports ‘ for the 

uterus, rnnintsining ti in its nonutal position, the Levator ani and Goccvgeus nnuscEtts, 
muscles of the Urogenital diaphragm and the perineal bodv are of narticular 
importance in this respect. 


Tin VjVUlN'A ffig. 1254) , 

The vagina is a canal which extends from the vestibule, or deft between the 
labia minora, to the uterus, and is situated behind the bladder and in front of the 
rectum; it is directed upwards and backwards, tte axis farming with that of the 
menu im angle of over ninety degrees, opening forwards, but the angle varies w ith 
the conditions of the bladder and rectum. Its wails are ordinarily in contact, and the 
usud shape of its lower prt on transverse section is that of an H, the iransvetse 
hitih being slightly curved fonvards or backwnrds. while the laieial limbs are some- 
what convex towards the median plane; its middle part has the appearance of a 
transverse slit. lu length is 7 5 era. along its antcHor wall, and q era. alone its 
posterior wall t ns width gradually increasrt from below upivaids. ]b upper end 
surrtHinds the vaginal portion of the cervix uteri a short distance from the external 
D9 of the u«raa Its atuchment extending higher on the posterior Hum on the 
anterior wall of the uteroa. To die recess behind the cervix uteri the term poUfrior 
foTHtx w applied, while the smaller recesses at the aides and in front are called the 
laimii and anim^jr fonitett. 

The anitrt,>r o?W/ of the vagina is in rcladon witli the base of the bladder and 
with the urethra which is actually unbcddcd in the anterior wall at the vagina its 
whjch IS covered wit h periioneum in its upper one^fourth, is separated 
from the by the r^o-utenne pouch above, and by some loose fibro-arcolar 

tissue in Its middle two-founhs; the lower one-fourth is Separated from the anid 
nuial by a ma« of miiscuMr and hbrous tissue, named the permci/Wv, At the 
sidt^ are tl« Levatflres am nuisefcs (p. 603) and pelvic fascia. .\s the terminal 
trartiora Of tluj urctcirs pass fpnvnrtU and medially to reach the fundus of the 
bkddcr, they run do« to the lateral frjmiccs of the vagina, and as they enter the 
bladder are i^a ly placed m from of the vagina (p. 1481). The ureter is crossed 
in thitt aituaiicii by the uttnne lurttry. 

Slrticture.-The vagina «ntktt of an intcfna] raueou, lining and > muscular coat 

,.11 oi»ifcd toteSm 

nunierou* tronsvetH ndgei or rugi extend laienilly on each side n™ 

divided by fumn^ of virisble depth, giving to th/mueous membri^lhe^SL^ 

•mee of bsmg studded over with conical projection* or papilla: r^hey aro S 

tiuraemus on^c poatenor wall end near (he orifice of the va^na. «pc^“y bif^ 
partufltion. The cptlhelmm the muro«, membrane is ^ th; ^,kcrati 
stratified squamou* variety. After puberty it becomes thick and is rieh ^ ™’ 
Unlike the (ondttion in niiny rmunmBls, ,be vaginsl epitheliii!L do^ not Sd^ 
very marked diange* ditnng the menstrual cycle : its Klycoaen incr™« tk “ ^ 
ovulatory phese and tliminiihes towatdi the end of the cve^ 'nic 
of certain bacteria {IJadcrlein's baejUuf) on the glyeutienrendefli tho n action 

acid. Them arc m glands in the vnginll k ihus [JhriX? 

by mucus derived from the glumls of the cervix of the 

The muieuiat nat oansiiu of two Isven: an cxtctnal 1 l- 1. ■ 1 

fur thealronger, xnd sn internal circular bj-et. The lunsnudinsl fibres '* ^ 

with the supcrifieisl muscular fibres of the uterus. The strnnmiir rn.J^i^” '^t*^*^* 
sttaehevf to\he reeto-v«i«] fascia on each ,i^ TV t^?3l ’'“I' T '^T 

separable from Otic another, bui are rontiected by oblique dc^ssating f^>ulr%n 
addiiion to this, the Imier end of the vagim, suntninded bv s V ■ Jj 

miucular fibres, termed the Bulbo^fpcngioim (p, 601I ^ 

tixieroal to the muscular ctwt there is n bycr of steolsr liu..., * . 

plexus of blood-vessels. ^ a Isrge 
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Vessels and Nerves,— Tht: artena of the aft derived from (he t'osifuJi 

utenne, internal pudendal, and middle reeial branchfru of the IntemftI iliac artenes 
(j>p« K09 h> Sio). The vtim form plexuses at the sides of the vaj^lna^ and these plexuwv 
are dmintd through the vaginil veins into the internal iliac %^eins. The iym^t 
are desenbed on p. 907, The ate derivijd fmcti the vaginal plrausesT and from 

the pelvic splanchnic nerves {p. izaz). 


The Exter-val G^n^ital OitcAN'3 of the Fez^iale (Eg, 1^58) 

The excernaJ genital organs of ihe fcinaie are^ the mojia pubia^ the iibia 
rnsjora et minora pudendi, ihe ditoHs^ the vestibute of ihc vagina^ the bulb of 
the vestibute 9 tid the greater vestibular gtonds. 'Fhe term pudendum or 
as generally appliedp Includi.^ all these parts. 

The mons pubiSt the rouiidcd rfnlnencc in front of the pubic; ajTnphysia,, is 
formed bv a collection of fatLy dssue benenth the skm,^ It becomes covered with 
coarse hair at the time of puberty over an area which has a horizontal upper limit. 
In the male the puhic hair proper has a similar upper limit and its apparent con^ 
tinuadon upwards to the timbilicus consists of ordinary body hair. 

The kbifl majors are two prominent, longitudinal, eutaneoua foldi which 
extend dowpwnrds and backwurds from the mons pubis^ and form the lateral 


Fita, 1^50,—Tht ext-emst genital oreani of the fcnm|cr+ 
The litbit have been drawn npsrt. 
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boundaries of a fissure or cJcft^ named the pudendal clefts into which the vagina and 
urethra open. Each labium has two surfaces, an outcr^ pigmented and covered tvitb 
crisp hairs 1 and an inner, smooth and beset with large sebaceous fullicles. Ektweeo 
the two surfaces there is a coftsiderafafe quantity of areolar tissue, fat, and a tissiie 
resembling the darUis muscle of the scrotum, besides v-esselsf nerves and glands^ 
The round ligament of the uterus ends in the fibro-fiilty tissue and akin of the front 

E art of the labium. A persistent proccasua ^^ginalls and a congenital inguinal 
emia may reach the labium. iTc Ubia arc thicker in front, where they form by 
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their meeting the Qnterior rommisJiirt. Posteriorly they are nut really juiiiedf but 
appear to become lost in the neighboiiring mieguincnt+ ending close 10, and nearly 
pandlel wtthi each other; together with the connectijig skui benveen ihern, they 
foiTit the pmimor commissure^ or posterior buundaiy of the pudendum. '!'he 
iniert'sl between the posterior commissure and the biiiiSh from ^-5 cin^ to 3 cm. in 
length, constitutes tlie gyruEcotogical perineum. 

The labta minora are two small cutaneous folds, dei'oid of fat^ situated between 
the labia majora^ and extending from the clitoris obliquely downwards^ Laterally 
and backwards for about 4 cm. on each aide of the orifice of the ^ugina^ between 
which and tiie labia majora they end ; ui the virgin tlic piiaterior ends of the labia 
minoni are usually joined across the median plane by a fold of sEin^ named the 
/rcnulum of the /o^ria. Anteriorly + each labium minus divides Into tw'o portions; 
the upper division passes above the cUioris to meet its fellow of the opposite side, 
forming 1 fold w hich overhangs the glans cLitoridis and is naiiaed the prrtputhim 
cliiortdu ; the lower division passes betovv the cHtorb and is united to its tinder 
surface, forming, with its fellow of the opposite aide^ the /remdum chumdis. 
Numciuiis scbacctius follicles are pluccd on the opposed surfaces of the labia minora# 

The vestibule. —The deft between the labia minora is named the t^estihuk of tJft 
t7^irui: in it I he vagiiml and external uiethral orifices are situated, and, between 
them, numerous small mucous glands, termed the lesser Tfistthular glands, open on 
the surface of the vestibule. The part of the vestibule bctvvccn the vagina! orifice 
and the frenulum of the labia minora consists of a shallow^ depression named the 
vntibuhif fossa. 

The cUtorls is an erectile structure, homologous with the penbi. It is situated 
below and behind the anterior commissure, partially hidden between the anierior 
ends of the labia minortu The body of the dstoris consists of two corpora cavetnosa, 
composed of erectile tissue enclosed in a dense byer of fibrous membrane, and 
^parated along their medial surfaces by an incomplete fibrous pectlnifcrm septum { 
each corpus cavemoaum is connected to the pubk and ischial rami by a crus. Tlie 
free extreraitv', at gians ditondiX ia a small rmindod tubercle, consisting of spongy 
erectile tissue, and highly sensitive. The clitoris is pnmdcd, like the penis, with a 
suspensory ligament, and w‘ith two small muscles^ named the Ischiocavemosi (p. 
610), which are inserted into the cnira of the clitoris^ 

The vaglnat orifice is a median alii below and I'ichind the opening of the 
urethra ; its aisec varies inversely with that of ihc hymen^ 

'I'hc hymen vagiiix is a thin fold of ntucous membnine situated at the orifiee 
of the V'agina \ the inner surfaces of the fold are normally in contact with each other, 
and the vaginal orifice appears as a deft between ihcm. The hymen varies much in 
shape. When stretched, its commonest form is that of a ring, generally hmadesi 
pusicriorly; sometimes ii is rcpicscfited by a semilunar fold, with its ooncav'o 
margin turned towards the pubes. Occasionally it Is cribriform or its free margin 
forms a membranous fringe. It may be entirejy absent, or may form a complete 
septum across the lower end of the vagina; the latter condition is known as an 
irnperforate hymen. \Mien the hvtnen has been ruptured, smafl rounded devatjori;^ 
known as the eaninculeF h^ meitaki are found as iis remiiins. 

The external uretbral orifice is placctl about 2-5 cm. behind the glans djtoridis 
and immediately in front of the orifice of the vagina : it usually assumed the Ibrm of 
a shorty sagittal deft vrith slightly raised margius. 

*lTe bulb of the vestibule ia the homologue of tJie bulb of the peni^ and adjoin¬ 
ing part of tlic corpus spongiosum penis of the male, and eonri.^ta nf two clnrtKiitrcl 
masses of erccdle IMUC, placed one on each side of the vaginal orifice and united to 
each other in front by a namniv median band lerincd the cimimmura bulboritm (purs 
intermedia)* Ivsch lateral mass measures about 3 cm, in length. Their posterior 
ends are cxpaitded and are in contact witli the greater vestibular glands ; tJsetr 
anterior ends are tapered and Joined to one another by the oommiiisure and to the 
gkns of the clitoris by two slender bands of erectile tissue ; their deep surfaces are 
tn contact with the perineal membrane ; syperficinlly Utey are covered with the 
Bulbcjcrtvcniosus muscle. 

The greater vustibulsr glands are the homologues of the bidbu^nrethral 
gknds in the midr. They condsi of twv> small, round, or ovaJ, bodies of a reddish- 
yellow erdour, sHuatctl one on each aide of the vaginal orifice, in contact vvith, and 
often overlapped by, the posterior end of the lateral of the bulb <if the vcatibulr. 
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Each ghind opens by of a doct^ about z cm. \ong^ biLmcdiately lateral to the 

hymen, in the groove between its attached border and the labiutn minus. 

Vessels ami Nerves.—The arterial blood «uppl^v ^^nnus and lyrriph Jrainaj^ 
and the nerve supply of the structures tampnainjl ihc external genital organa of the 
female ate similar tn those relapng to the homologoux structuneE in the nmle+ 


Ttie Mammakt Glands (figs. 1255, 1260) 

'tlic mammary glands secrete the tnilk. They exist m the male as well as 
Ln ihc female, but in the former only m the rudimentary state. In the female they 
are t^vo large, ^emiapherical ciniiienct^ lying within the superficial fascia on the 
front and aides of the chest; each irxicnds vertically from the second rib lo the 
sixth rib^ andi tranaveraely* at the level of the fourth costal cartll^e, from the side 
of the sternum to near the mid-axiJlaTy line. In weight and shse they differ at 
different periods of life, and in different indivlduab. Before puberty they are amalh 

Fid. I —A dmeedon of ibe lower NJf of the mimroBry gland duntig ihe 

period of Iflctatiwi. (Luachlta-J 



but they enlarge os the generative organs become more completeiy develfiped. 
Tliey increase during pregruuicy, and especially during lactation^ and bcoome 
atn^phied in old age- The deep surface of each is Battened, or slightly concave, 
and irregularly circular in outhnet its longest diaiDcter being directly upw'ards and 
latcnilly towards the axilla, where the gland extends along tire lower border of the 
Pectoral musclea as the m:iUary * it is separated front the fascia covering the 
Pcctoralis major, SenmtUB anterior and Obliquns externus abdominis by loose 
areolar tissue. Tbe subcutaneous surface of the mairiuian- gland Is convcXi and 
presents, just below ihc centre, the prominence, named ihc Hippie, 

The nipple is a cyJmdrica] or conical eminence situated alwut die level of the 
fourth intercostal space. It is capable of undergoing a sort of erection from 
mechanical excitement, a change mainly due to the contiaction of its muscular fibres. 
It is of a pink or brownish hue, and its surface is wririkled and provided with 
secondary' papilla?; it is i^rfoniicd by from fifteen to twenty orifices, the apcEiurcs 
of the la^ferous ducts. The base of the nipple La cndrcled by a coloured area of 
shin called the areola. In the virgin the areola is of a delicate rosy hue | about the 
second month of pregnancy it enlaifes and acquires a darker tinge, and as pregnancy 
advances it naay assu me a dirt brmvn, or even black colour^ This colour dtininishes 
as soon as lactation is over, hut is never lost entirely^ These changes in the colour 
of the areola are of importance in forming a conclusion in a case of suspected first 
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jiregnancy. Near the basis of the nipple^ and upon The surface of the areola^ there 
are numcroua sebacesOLis glands (some of which appear to be intermedLalc in stme- 
ture between wbaceoiis nnd gLanids)« termed the ttreotar gtmdi, which become 

much enlarged during lactation and 
FJO-1360.—Horwanul section of the maitiiTiiify prcscni the appearance of small 

gland ai the level oC the tiippk tn fl mulii- mbcTcIes beneath the shm ^ they 
f^lcp aced forty yeai^ secrete a peculiar fattv aubstance, 

' ^ ■ which stxvea m a protection to the 

skin of the nipple. The nipple is 
ttaversed by ihc ducts of the gland, 
and, in additioiip contains numerous 
vessels, intcmiixed with plain mue- 
culax hbres, which arc principally 
arranged in a circular manner around 
ihc h™, blit a few fthres radiate from 
base to upex. 

Structure (figs. to 1361}-— 
The mammary gliind eunst&ta {a} of 
eland-rissue; (A) of fibrous rissuc, 
connecting its lobes : and fa^y 

cisflue in the jnicmik between tlie 
lobes. The Bubcutaneous tissue 
endoscs the gland (but docs not fom 
a distinct cspaule) and sends fujnierous 
aepta into it to suppiul its variola# 
lobules. From that part of the fasciu 
which covers the gknd fibrous 
processes pass forwards to the skin 
and the nipple ; thest^ nrc better 
developed over the upper part of the 
breast and const! hi tc the mspensnry 
iigtimftiis (of Cuoper), 'Hie gland - 
tissue is of fl pale reddish colour, hrm 
in U'^lurc, and forms a kbukted mass 
which is fiattencJ fcom b^ifore back- 
wards and thicker in the cerire than 
at the circumference, h coitsists of 
15 to 20 lobes, and these ere composed 
of lobules^ cotinected mgether by 
arcokr tissue, blood-vessels andducu. 
1"hc smallest lobules# wlnen fuJIy 
developed, consist of a cluster of 
rounded alveoli which open into the 
amnllcst branches of the lacdferou# 
ducts ; these branches unite to form 
la rger duels which end in the excretory 
ducts Of liifriifcrQHj ducti. T^e Iscri* 
fenous ducts vary from fUt-ecn to twenty 
in tiiimlicr; they converge towards the 
a^la, beneath which fbey form 
dikuitions, named lattifiraui 
which sm'e os reservoirs for the milk. 
At the base of the nipple they become 
contracted, and pursue a strntidit 
eoun«c to its summit, perforating it by 
separate orifices considerably naTTower 
than the ducts themselves. ^Phe 
arc coRifwjscd of areolar cis^ui 
raining longipmdinal and transverse 
elBstic hbres; they are lined by 
coTutfinar epithehum restintt on a 
basement-membrane. In the larger 
ducts the epithclimTi cnnslst of two or 
D JaaHfiw™ d4ia : t-c. ijnntcfH Cowf; mote laycTs of ceIJs and near the open- 

4 « ■ £d5r tqmimous ijnypc. The epiilidiumof 
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tKe aLvcoIi differa accordins to ihc stafie of of th« orgitn. In the gland of 

A woman who h not pnrlJtiont or sucklmg, the liveoh arc very and aolidp being 
filled with a nmis of gtuQiilBr pol>*hcdta! cclltx S«ime consider that the * rearing! 
breast' conalsts only of 3 duct system, without secretory alveoli. During pregnancy 






FlOt 1361A.—A lectbn through a porticiu of a buzEmn rion-betaitag 
mantiruir^- gisnd. a r 60 h 


columnar cells, w'ith spherical nuclei, lining the ba^mcnt-mcmbrartc. When the 
gl^d is active^ oil globules accumulate in the supcrfidal parts of the celis Lining t^ 
alveolus. 'Ilitsc fat dropkcs arc discharged into the lumen by bursting tha cpuhelial 
cells. \^^en the gland aVi vtry tcti^'Cj the protoplasm of the superficial pam of the 


Alfiitv 


the alveoli greatly develop and enlarge, and the cells undergo rapid mulHp1icalfoti+ 
At the commcncetoent of lactation, the C^lk in the oenlrc of the alveolus undergo 
fatty degenemtion, and are ehmuiated in the firet milk, as atrptada. The 

peripheral cells of the alveolus remaiop find form a single layer of granular^ short 


Fig. j itfttt. — A pouJan of an aedyt^^ laccating humnii 
fnamnuuy idand. k 
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cella lijiing the alveolus m^y tlaintegratc ulao. The ktier type of Gecretioo is 
trntidd apocrinf. When the acini ire tlisiended by it* acctimulBbon of the eecreQon 
the lining cpiihelium becomes fhmciuNJ. Suntiunding each iilveolua is an incompSctc 
layer of mvo-epithcliil eella which are prohibly contmetOe • , ^ , 

Thc^flW fiiiite invests the entire turfacc of the mammiry gbnd, snd sends down 
wpw between itn lobes* connectinK them together. . , . 

T^se fatty fismt covers the snrfice of the gkixUi and occupies the intervals hetivoen 
its tob^^ It usually exists in considerabte abundance, snd determines the form and 
siie of the itkiKl. There is no fat imrncdiateJy beneath the areob and nipple. 
^ffrlrh^fas ^.—At puberty the breast in the male rescmblts that in the female^ both 
of a rudiiTuintarv^ duct system. After puberty* die fen'mlc breast* under the 
influence mainly of otstradiol* undergoes a alight further development, whereM 
noimiiiLy in the male the ruiiimeiiiary condition of the duct system pereista. 

Vewls and Nerve*.—The arteries aupplying the mamniafy gland are derived 
from the thoracic branches of the axillary ortcry* and from jmeirol dmiactc 
and intercostal arteries. The veini describe an anBsloinotic drelc mimd the 
base of the nipple* the nVirufiiy From this drde, branches transmit the blood 

to" the circumference of the gland« and end in the axiUary and imcrnal tbaradc veins. 
The tvmph vesselt are desoi^ on p. 894. The nenm are derived friMn the anterior 
and lateral cutaneous branches of die fourtht fifth* and sixth thoracic nerTes. 'rbese 
nctvi» convey sympathetic fibres to the breast, hut its sectetory activities ore largely 
under the control of hormone* dorivod from the ovary and the hypophysis cerebri, 
AppUeii Artalamy ,—^The duox dcacemimg hmn the nipple radiate through the 
gUod, and when oii incision is made into the hfeasi the scalpel should be directed 
tadklly* from the centre to the periphery, h tiiat it msy not pas* icnisa the ducla, 
A milk duct may become obatnictcd and distended^ forming a cyst known aa a galacto- 
ctle. Abscess frequently pccnra about the mammary glands more often in u'omcn 
who are laetating, especially in those wlm have cracks and fissures about the m'ppLe. 
The abscess may be betw^ecn the septOj in the glond-tmue itself* or it may lie beneath 
the skin by the aide of the nipple and luperfieial to the gland* or it may form beneath 
the glsnd, between It and the deep fiacia. 

Supernumerary mammary glandi {polymastia) or nipple* (polythelia) may be 
present in the male or fcm0lc> and usually occur somew^^TC akmjr the line of the 
embryonic milk-ridge (p+ T14) which esrtends front ihe ariUa to die inguinal regiotli 
Occasionally the male breast may undergo hypertrophy after puberty^ (gynsccocnasttA). 

« Kiehaidfion, K. C,, /W. B-, i^S, 30* 1940* 


THE DUCTLESS GLANDS 


Thu duciitts gimsds^ or ftrgam^ produce secrettous chilled hornionc:^^ 

which p^^s^5 dirtctiy from the glandular cells into the bloodsiream and are thus 
carried to all parta of the body, where they indyeitcc the functional activities of 
tlic cells in specific ways, ihc influence bcbig eiiher eiccitatory or snliibitcn^'' in 
nature, 'fhe acitun of a barnione may only be manifest on one particular tissue 
or organ (receptor orgaji)^ and* although each ductless gland pn>duces a hormone 
or hormones \vi|h specific funetionSp it is to be noted that there Is A harmonious and 
integrated imcr-relatioftahip bcuvten the activities of the several ductless glands. 
Although organs like the thyroid gland, parathyroid glands, suprarenale, hypo¬ 
physis ccrcbri and pineal body'form separate distmct ductless glands, in the case 
of ^mc other organs only some of the constituent cells arc of the nature of endocrine 
organs producing internal secretions, for ea^ampb, the ccU-isIcts of the pancreas, 
the interstitial cells of the testis, and the interstitial cells and cells in the ovarian 
follicles and corpora lutca of the ovur)', TTiesCp as well as the hypopliy6i& ;ind 
pineal h(sdy have been described in preceding Sections, h^or convenience, the 
spleen, thymus, paraganglia, carotid bfjdies and coccygeal body will be included 
in this Sectiont ^though the evidence that they function as cndc^crinc otgiina is 
uoi conclusive. 


The Thykoip Gj^vd (fig. 1262) 

The thyroid gland is a highly vascular organ* si luatcd at the fmnt and sides of 
the lower part of the neck* opposite the fifth, sisth and seventh cervical and the fiisi 
thoracic vcrtebnc* It ia cnshcathed by the pretrached layer of the deq> cervical 
fascia (fig. 5f/))p and const^ of rigiit and left lobes connected across the median 
plane by a naiTOw portion, termed tlie istfmius. Its weight is somewhat varmhtc, but 
is usually about yo gm+ It is slightly hearicr Ln the female, in whom it becomes 
enlarged during mctistmadon and pregnancy. 

The /oAw arc conical in shape, the apex of each being directed upwards and 
laterally and reaching the level of the oblique line of the thyroid cartilage ; the base 
i& on a level wtih the fourth or fifth tracheal ring. Each lobe is about 5 cm. long ; 
Its greatest width is ahcjut 3 cm., and its thickness abriul 3 cm. Ttic posteromedial 
pan of each lobe is attached to the side of the criootd canilage by a ligamentous band. 
The or superftdai, mrfaie is con vex. Outside the sheath of pretracheal fascia, 

this surface is closely covered with the Stcmdihyroici and it is the insertion of this 
muscle into the oblique tine on the lamina of the rhyroid cartilage which pre vents the 
upper part of the lobe from extending foriviirds on to the Tlivrohyoid muscle. 
Mote superTidalJv, this surface is cohered with die Sternohyoid and the superior 
belly of the Omohyoid muscle, iwerlapped bclow' by the anterior border of the 
Sternocleidomastoid. The medial surf art i$ moulded over the larjnx and trachea. 
Above, it is in contact with the Inferior constrictor of the phaty nx and the posterior 
part of ihc Cricothyroid muscle, which intervene between itie gland and the 
pnatcrior part of the lamina of the thyrotd and the side of the cricoid cartilage. 
The external larvngeaJ itcn e passes deep to this part of the gland on its way to the 
Cficothymid miiscie, Below, it is related lo ihc side of the tnichca in front, and 
to the recurrent laryngeal nerve and (particularly on the left side) in the cesophagus 
behind. I'hc posS^alattral surface is related m the carotid sheath and overlaps the 
comiiinn carotid artery. The aaimor hftrdrr, which is closely related to the anterior 
branch nf the superior thyroid artery, h thm and inclines obliquely from above 
dov™wards and medially. Tlic poJ/mW^or^irt■. which is blunt and tounded* iruer- 
vcDcs between ihc posicrior and the medial surfaces and is closely related below 
to ike mfertor thyroid artery and an finasionvnsing branch which connects ihat vessel 
to the posterior brunch of the superior thyroid artery. In addiiion the parathyroid 
glands are usually related to ihis border. The lower end of the ptraicrior bcjrder 
of the left lube is^close!V related to ihc ihoradc duct. 

The isthmus connects together the lower parts of the two lobes ; it measures 
about I 25 cm. transicnselv* ami the same vertically, and usually covers the second 
and third rings of the trachea* though It is often placed at a lugher, and occasion- 
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dly St a lower, Icwl. Its situation and siae present, however, many vsriatiouB. 
Anteriorly, it is separated by the pretracisea] fai&da from the Sternothyroid musele*. 
More sopcrfidally it is wered by the Sternohyoid tnuselen, the anterior jugular 
veins, the fasda and the skin. An anastomotic branch uniting the two superior 
thyroid Biterie# runs along its upper border; at its lower liorder the inferior thyroid 
veins leave the gland. Sometimes the isthmus is aliciigether wanting. 

A third lobe, of conical shape, called the pyramidat itAft, frequently extends from 
the upper part of the isthmus, or from the adjacent portion of either lobe, but more 


Fla. 1361.-—A diucctiQii pf lilt Iqwgt part of Hht front of the neck wnd of the 
»upenar mcdiBsdniiEn. * 
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Cdmmonly ilic left, to the hyoid; bone. It t& occ^oiully quite detached^ or may be 
divided Into two or more pam, 

A iibroua or mu^ubr band h someTimes ai^hed, Eibove„ to the body of the 
h^'oid bonc> and below* to the isthmua of the glands or its pynunidid Iobe"i when 
uLUSCular^ it b termed the Lfvator glanduldf fAyraJirVerf. 

Small detached portjooi of thyroid tisane are soifictimca found in the vicinity of 
the lobes or above the isthinus ; tJiey are called m^iestury thyroidjglartds. Rcimimta 
of the thyrogltMaal duel (p. 184) may perviat between the isthmua and the foramen 
Eseaim of the tongue and may give rise to accessory nodulea of thyroid d4$aue. 

Strocture.—Tlic thyroid glund k cTosely inmted by a ihm eapsuk of connective 
tissue and it is divided min of irregular form amt siae. The gland h of a 
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brovfnisH-recl cptDur and is made up of a iiinwber of clnatd fgllidcsi jusl visible to 
ibr riakcd eye, 4-cntaitli^^ o yeHow, i^iuiy flmd. and from each other by 

oonnectiv'c tissue. The follides are arranged in groups or ^bjid-units, Uaeb fdlicle 
is lined viitb a single layer of cubiciil epithditim (fig. ITie ahape of the ccIIh 

varic« with the state of activity' &f tJie gland, being Battened if the follidca are filled 
with colloid injiiErial and low-colmmiaT if the foUiclea contain little colloid. There is 
no b^ctnetit-rnernbrane, so that rhe epitlielia] cells are in slsr«t contact with the 
connective tissue mcdculiini and blood vessels. The follicicat are of varioiis iizea, and 
contain a viseidi homogeneous, Minj-Boid, slightly yellowish, colloid materiiL The 
colloid contains on iodine coinpcjund, ihyr^vmn* which is the hormone produced by 
the thyroid, and which \s Brmly bound to the pToicin ihyroglobulin, llie colloid is 
rcodily stained ^y cosin. The thytoiiti passes out between the cubical cells and ia 
absorbed into the blood. By the use of the radEoaetive i^rope of iodine it has been 
shown thflt most of Ingested iodine is rapidly taken up by the thyroid gland. By the 
method of aurcradiography, which involves placing histologicnl sections of the gland 
(containing radioactive Iodine) on e photographic plate, the iodine is obscr^'cd to be 
present at Br^t in the cells lining the foHielea and then rapidly pasicd from them into 
the colldid. Thyroxin controts tiie basal mctabclic rale of tiaaues ; over-secretion 



causes the disease called exophthalmic goitre V Jns^ulficieni secretion in die adult 
pfoduces the condition of myxeederna, and in the child thyroid cretinism-. 

Vessels and Nerves*—Tlic supplying the tfiyroid gland are the superior 

(p. 730) ^ inferior rhyroid arteries fp, 772): Eometimes there is an addittanal 
branch (a- thyreoidea ima] from the brachi5>cirphBJic artery or the arch of the lorta, 
which ascends upon the front of the trachea. The arterie? ute remarkable for their 
large abe and frequent inastornoflesr The Tvint form a plexus on the aurfs^ of the 
gland and on the front of the trachea ; from this plexus the superior, middle and 
inferior thyrtdd veins arise i the superior and middle end in the internal jugular vciti, 
the inferior in the left bnvchsocephalic vein. The capillary blood-vessels form a dense 
plexus in the connective tissue around the fclltcica, hcrttcen the epithelium of the 
follicles and the endothelium of the lymph vessels w Itich surround a greater or smaller 
part of liw circtimfercncc of the folticle* The lymph vessels run m the InterlobuLar 
connective tissue, not unrommonly surrounding the arteries which they accompany, 
and communicate with a network in the tapsule of the gland ; they may contain 
colloid material. They end in the dioradc duct and ihe right lyrnphatic duct. The 
nererj; are derived fmm the superior, middle and Inferior ocnvical ganglia of the 
s^iTn pathetic. 

* Ollier thyroid hormones have receiuly been discovered^ the chkf of whkh ii trtbdmhyronine* 
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Appiitd Artat0frty,^Any enlaigemcnt of the thyroid fttwad is caUed a goitre. 
PmsuTt may be exerted by the enlarged gland any of the atnietures rdaTtdl to it^ 
Symptoms ore mpyt i:i>fnmooly referable to pressiire on the trachea or recurrent 
laryngeal nerve. 

PortiaL extixpotlon of the thyroid may be re<juired In coaea of parenchymatoua 
‘goitre, m the difTu$e form of adenomntous disease and in exophthalmic goicrp* 
Enough of the gland munt he taken HH^ay to relieve the symptoma, but, ejcerpi m 
nuilignant disease, the whole gland must never be removed, fls such a procedure is 
follcmcd by the development of myxaxlema. In dealing with the infErior thyroid 
artery, the posidon of the rctuirrcm laryngeal nerve (p. 7Jl) must be borne in mind, 
l«t it shoLiid be Mgaiured or dmded. Temporary aphnnin not uncotnmonJy foUaws 

h'iCi dimcdoEi of ibe lower part of ihe pbai^'fix and Sie upper 

part of ihc mophagui fiwi behind, to iImw the p<^iion of the pare- 
thyroid gianih. 
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from bruising of the nerve* and tf nothing more srrjuua ha* occurred icon passes off. 

In partial removal of the thyroid gland it is customary to leave behind the posc- 
crCcjf part of each lobe, aa. If this portion ia taken away^ there is great riak of coinci¬ 
dent rcrnoVEil of the parathyroid glands. 

TlfF PAHAtllYHOm Glan-ds 

The parathyroid glands (fig. 1264) are small* yeUuwiah-browuK ovoid or leati- 
form bodies, which usually lie between the posterior borders of the lobe* of die 
thyroid gland and its capsule. They %'iirj' in sixe* hut commonly measure about 
6 mm. in length, d mm. to 4 mm. in i^-idth and 1 mm. to 2 mm* m thickness, 
llsuiilly they are four in number, two on each side* and are called* from their 
positions, the superior and inferior pamthyroids. ITie anaatomotic artery connect- 
ing the superior to the Lnfcfkir thyroid artery runs along the posierior border of 
the lobe of the thyroid gland and, m It usually passes very dose to the paralh>ro 1 ds, 
it forms a grKKl guide 10 them. 

The stiprrior fwraihyrotd gland b more constant in position than the inferior 
parathyroid* and b usually situated at the level of the middle of the posterior Itonlcr 
of the lobe of the thsToid gland* though i t nmy lie at a Liigher IcvrL The mfftiar 
parnthyraid gland may lie in various positions^* c.g. (1) within the fascial sheath 
of the thyroid gland, bebw the inferior thvroid artery and ficur the tower pole of 
* A* J. Wdcwip Brii.J-SursfTy, igir, 19, 1%, 
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the bbc of the thyroid ; (a) behind and outside tJie fascial sheath of the thyroid 
gland, tmmediatctv above the inferior thyroid artery i of {3) within the subst^oe 
of the lobe of the thyroid gland near the end of Its jMStcrior border. These 
variable posit Iona are itnponant surgically, since a tumour of the inferior pa«- 
thvroid which occupied position {1} tends to sinh downwnrda along the inferior 
tli'yraid Veins, in from of the trachea into the superior mediastinum of the thorax, 
whereas if tiic gland w,-cupied position (a) the tumour tends to pass dmvnwards 
and hackw'urds, behind the esophagus into the posterior mediastinum. 

The parathyroid glands ak devebped from the entoderm of the ph^tigeal 
(Hruchea {p. 185), the inferior parathyroids from the third pouch and therefore 
« 

Fro. 1265 .—A Bcctian of a huitiflu pflTflth>TotJ pnrkcipRj ttUi 

rtXIMiUjrd in Odiiwnns^ 





90 iitctittici^ rtfptrtd lo paraikyrwids 11J, aiiil the aupenor pflratkyToida frorit ihc 
fourth pouch and therefore called parathyroids IV, The inferior parathyroid is 
closely connected in the early stages of its dcveltirpment with t lie diverticulum from 
tite third pouch which fottiis the tliymus and it ts drawn down with the thymus 
in the caudal migration of the laiier, NonnaJly the inferior parathyroid wgraies 
otilv as fiir 3S the bwer pole of the lobe of the thyroid gland, but it may descend, 
with the thymus into the thorax, or it may not descend at all and rental n above its 
normal level, near the bifurcation of the commnn carotid artery, - . , 

The parathyroid glands vary in number j there may be many minute islands 
of parathvroid ’tisue scattered in the connective tissue and fat in the region of the 
usual position of the glands, or there may only be tliree glands. 

Vessels and Kerves.—The parathyroid elands receive a very rich biftod^supply 
from the Inferior thyroid arteries or from the ansstotnosM between the supenor and 
inferior thyroid arteries. 'I'beir ly^ph vessel^ numerous, and ore aviated with 
those of the thyroid and thymus glands. Their js tlenved from the 

sympathetic, cither directly from the superior or middle Mrvical or 

throuah a plexus in the fweia on the posterior surface of the lobes of the thyroid gland. 

Siroeturc (fiMs , ia6Si ia66},—Each parathyroid hat a thin connective nssue capsule, 
from which aepta paw into the gland but do not subdivide it inio distmet bhul». In 
the child the gland eonsisia of wide, irregular anastomosing eolmtina or cords of cells, 
thcprf»rt>7l ffils (or chief cellsh of which there are three types, named accoidinB to 
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the depth of ataimng their homogeneous* non-granuhir cytopbam— {a} dark prin¬ 
cipal ulU^ {b} tight principal edit juid (c) cUar ptmdpal edb in which the cytopb^ ia 
not eftsijy stained. Between the eoStrmiia there is a rich network of tfloge capillaries 
(sinusoids). The psnithyttiid hormone is elaborated by the prindp^ cells. At about 
the age of 5 to 7 years, other Cells sppesr—the oxyphil (or cdh, the func- 

rion of which is not known. They tre larger than the principal cdls and contain more 
cympiiwm^ which is gwular and stama deeply with eoain. The nuclei arje smaller 
and mare darkly staining- They are believed to be derived from the principal ceMs^ 
aince intermediate type* of cells arc also present, 'nic prmdpal cells may, in places, 
fpirn follicles contnining ccalloid materiaJ, and* as age advances, much fat may be de¬ 
posited in the glands. 

't*hc paralhyroid hormone is concerned wirh the metabolism calcium und 
piiosphonjs in the body. If all the pirathymids are remcjvcdt the mn^iclca, due to a 

Fio^ t ^66.^-S«ctian of hinnan panuhyroid ghuid to show prmripel and ewfinphil 



il^aimrphU prinetpaL 
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reduction of caLcium ions bi the blood, undergo* Cotivcilsive spasms (tetany) and, as 
the respiniiory muscles (including ihe laryngeal muscles) are involved, death ensiiet> 
Excess of parathyroid secretion, aitch as Occurs in tumoura of the glands^ results in 
rettioval of calcium ions from the banes^ so that they become soft, a condition known 
Si gcnenalised Dsteitb fibre9a. The calcium ions pass from the bones mto the blood 
(hypcrcalcsemia) and arc oecteted in the urine and may cause caJciUcBtion m the renal 
tubules with resultant death from kidney disease. How the parathyroid hormone 
■eti is twiccrtam ; It may stimuLstc osteoclsstic activity in tjbc boncs^ or upset the 
reciprocal relations of calcium and phosphorus ions in the blood. 


The Chromaffis System 

The chromafEn ayatm comprises iiunicroiia mosses of cells which, like those 
in the mjcdulb of the suprarenal gland, cuutiiin in their cytoplasm granules that 
stain yeilowiah’brown u^th chromic acid salts ; the cella are thus known as chrom- 
afHn cells nr phticochroifiocytes. The ceUs arc dcrh'cd from the sympatho- 
chromaMn tissue of the neural crests (p. 145}, a tissue from which syrnpaiJictic 
neurones ate also derived^ and the masses ate found in intimate rekiiotiahip to 
parts of the sympathetic ncr^'ous Byetcm. ChminaJliii cells secrete nonidreoalm 
and adreimJm (s€€ p. 1538) and they arc innervated by preganglionic hbres of the 
sympathetic, io that the cells themselves are analogoiia to postganglionic sympathetic 
neurones. 
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]n additiDA to the medulla of the supnireJial ghtnd, the chitunanin tissue includp 
(dj the paraganglia^ (A) the pana-aortic bfldiesi and (f) amall massea of cluronia in 
cells scatf-cLTcd ifTtgularlv and variably among the sympathetic plexusra and in 
relaiion to i.'nrioiis organs {heart, liver, kidney, ureter, prostate, epididymis, 

o%ar>^ cta|. ^ , a- i. , 

I'he pji ragangl la. are" sphtritaJ masses- -nf chrcifnanin cclES:, about 2 niffii- in. 

diameter; each paragan^lmn lies inside, or immediately outside, or embedded m 
the capsule of a ganglion of the sympathetic trunk. In the adult they are gicncrally 

represented bv micrtMCopic remnants only, _ r -.i- 

The parasitic bodies progressivelv develop during fixm life ana attain 
masimum siite fc the fifBl three years of'poatnatiil Ufe, wh™ they the fomi of 
two elongated, brn^vnish bodies, about t cm. long, which he on either side nf the 
abdominal aorta in the region of origin of the inferior mesenicnc artery, I hey m 
usuaJlv united across the front of the aorta by a horiMnial mass, which lies 
irnmediatelv above the origin of the inferior mesenteric artery,» as to form collec¬ 
tively an inverted horse-ahoe, or H-sbaped anangemeiit. nicy are intmiakly 
related to the intermesenteric ner^'es ami tlie superior hypogastnc plexus, 1 hey 
undergo progressive atrophy and by the age of 14 yw™ are completely 1^- 
Lnicgiated.* When weU developed, they consist of mases of polygonal chromaffin 
cells embedded in A wide-nwshed capillary plexus. The chromaffin cells of the 

paia-aortic bodies secrete noradrcjudifi (f« p. 1538)- j-.i. wj .1 

Othcrsmall chromaffin bodies arc found in the fretus in all pam of the abdoimnsil 
and pelvic prevertebral syinpalhetic plexuses, hut they rcacb their maximum size 
between the fifth and eighth months of fatal life,- and in the adult they are present 
as discrete atruciurea onlv in the vicinity of the cmliac and superior nnesentenc 
arteries, w hile only microscopic mtlectbta of chromaffin cells persist m association 
with the lower parts of the intermesenteric nerves, f 


The Carotid Bodies 
T he carotid bodies^ in 


Fig. 1267 .—a KcdDn of the c^miid body, 

nerve-fibre* diamTaultd to the cellfc (de Caatrei.) 
<Fmm Shnrpey-SEhttfcr's Efstmiiah ci/ //rWfftto'.) 






number, arc reddish-brti^wn, el- 
liusaidd atnictiirca^ tiituatcti one 

_side of the in ctfise 

rektinn to the carotid sinus (p, 
736), Eaj=h is about 5 mm- 
7 mnu in height and i’5 mni. to 
4 men- Ln width and varii^ 
slighily in poaiiion ; it may Lie 
detip to die bifurcation of the 
common carotid artery, or 00m- 
pleicly or partially wedgied in 
betweeu the commc^iceTncnts of 
Lutcniul and cxumal ean^tid 
iirterics, and is attached to, and 
sometimts part Sail V embedded in, 

outer fibrous coat of thefl* 
arteries, Occasionally the organ 
is in the form of a number of 
separate nodules. 


Structurt.^^lic carotid btidy 
9 invegted by a fibrotos capsule 
Freafo which sepra pass into the 
:>Cgfin and divide it into lobules. 

Fjich lubulc eonsisK of masses c 
polyhedral, * epithcliaid 
intertpersed amcmK which 
ire uciworks of sinusoidal blood 
L^essels derived from the vessels ... 
the Eitch * epithelioid" cell 

■ R. E. Coupland, J. Amn^Lond., 19S4. 45^- 
t R. E. Coupbiid.7 Aniir.,I^nd., t^sa* J57^ 
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fN^nCamsa Itirsr, palc-stainiTurnUtrlcuti and pBle-«iBiniirfcjtf+ finely granular c^ toplum^ sneJ 
die ii^ih are du^ly applied lo the eniioihcliiim lining the sinuses. ‘The ^ epithelk^id ' 
cellj mre nnt chrtvfnuffan € 4 i\h, but a few chrurnetfijl cdfa tmvc been de^dbed m 
^railtred here and ihere in the qarDtid body. Abundant ne.n’e-iibres permeate among 
the * epithehuy ' ceSk and very numerous senserj- ncrve-cnclingJi are present in rela- 
tion to the ' epithelioid ' ecll$ and to the sinusnlda (lig_ i llie ner%^e3 an? dedviy 

mainly fmna the carotid bratich of the glossopharyngeal nerve (p. ii zS), and also from 
the superior gcrvieal gEniflKan fif ihet ^nnpBthetje and rhe inferior ganglion of the 
vagufi. The carotid IhkIv is develofscd the mesenchyme of the third pharyngeal 
arehp* first appearing as b eondensatirm nf the mesenuhyme around the third pharyn¬ 
geal arch Etrury, and its nerve-supply is mainly from the nerve of dtat arch [glosso¬ 
pharyngeal). Functional ty% the carotid body acts » a chemoreceptATH re^puttJIng to 
changes in the chrmicul compcjaitioh of the htood, a fall in the osj'gen content or an 
increa^M: in cirhijn dkndde content of die blood dreukting through the organ initiating 
ehefnurceeptor redexes through the glossopharyngeal ainl vagus nerves and slimulating 
respiration. 

Other small bodie*. with a structure similar lo that of the carotid bodiesp are fmmd 
in relation to the arteries of rhe fourth and sbeth pltoryngeal arth» ; they lie close to 
the arch of the aorta, the ductua aitcrki^us and the right subclavLon arteries and arc 
supplied by branches of the vskgus^ nerves. T1tey arc bclkvcd lu function as chemo-^ 
receptors. 

Thu jugular glomus or tympanic body.t—This is a small ovoid body, about 
0^5 mm. long aiul O'25 mm. bmad^ uhich lies in the adventitia of the upper part 
of iht superior bulb of The inTcmal jugular veio+ Its structure is similar to that 
of the carotid iKKly. It may consisi of two or more masses which may be related 
to the tympanic bmneh of the glossopharyngeal nerve or the aurieuW branch of 
the vaguSr oa These nerves lie in their canals in the petrous part of the temporal boae. 
Tumtnirs t?f these bodies may occur and cause sjmptDnts attributable to involve¬ 
ment of the neighbiuring cranial tiervca and die middle cor. 

The Cocx’VtiEAt. Root 

The coccygeal body is placed in from of, or inuncdiatdy bdow^ tJic tip of 
the coccyx, at the xerminaiinn of the median sacral vesseISp which supply aiTtrcait 
and efferent brpndhes to dac organp and ii is closely rebteU to the ganglion impar 
of the sympathetic trunks. It is aiwut 2^5 mm. in diameter and is Liregubrly oval 
in shape X several smaller nodules u itii similar structure are found aroitnd or near 
the main mass. 

Structure,—^The coccyt^eal body capsists of intsgular masses of spherical Or poly¬ 
hedral ' cpithclinid * cells, the ceUt of each iruLss ^iniE gmuped around a dilated, 
ainusoiclol capillary vessel Each eeR contains ■ large, round or oi^al nucicua, the 
irytoplosm aurrounding which 11 clew and *4 not atained by chromk saJrs, so that the 
origan does noi belong to the chrantaffin s^'vtcm. The oinasoidal vessels ftirm part of 
R complex pyatem of nttcriovenous aniiatimoae^ ^ and the epithelioid * cells appear to 
be mod JliiKl muscle cells of the w ol Is of the vessels. functional aigaifiii^ance of tlic 

organ is not known. 

The SupRAfiENAh Gi^sms fligs, 1205, 126®, 1269) 

The suprarctusl glands (or adrenfll glands) ore two small, flattened bodies of 
a yellowish colour, situated, one on each side of The median platic, at the po^Tcrior 
part of the abdomen, behind the peritoneum, and immediately al^vc and in from 
of rise upper end of the kidney. They are surrounded by areolar tissue containing a 
considerable amouni of fat. They are enclosed, Together with the kidne>i»^ in the 
renal fascia, but are separated from the kidnqn by a littk fibro-arcolur tlEtsuc. 
Each gbtid ooiLsists of an oulcr cortical portion, w hich is rich in lipoids and contains 
no cbn>niaftin tissue, and an inner mcdullaty' portion, which stains deeply with 
chromic sails. In man it is noT uncommon to find small mosses of tissue, id^tical 
with the suprarenal corloc, in the neighbourhood of the gland or in other situalions. 
'Jlicy are termed ‘ ctirrical budh^ ". Ontogcntlically* phylogcneUcally, struct urdly^ 
and functionally, the cortex and the mcdulb of the suprarenal gland ar^ distinct 
from each other, but togclhet they constitute a single entity anatomiciillv, 

Tlie right gland is somewhat pyramidal in shape, bearing a rcscmbknce to a 

* J. D. Boyd, C'«wff7il&^ fa I937r 

t S, R. CJuiM, Anal.Iifc.^ I941, 79, p, afi (Suppl.), 


TOE SUPRARENAL GLANDS 


cocked hat; the left is semilunir, and is usuaUy larger extends to a higher level 
than the right* Each gland measures from 30 nun, to 50 mm* m height \ aboul 
30 mm. in breadth, and from 4 mm, to 6 mm. m thickn^* llie average weight of 
each is from 3 gm. to 4 gtn. 


Fio* ia6S^^7"hc »iiprnrcna| Elonda,^ AomtiDr aapcci. 
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Relations-—The right supramtalgknd (fig* 1205) b situated behind the inferior 
vena cava nod the right lobe of the liver, and in front of the Dlaphmgm and upper 
end of the right kidney* it b luughly triangular in shape; the baae, usually 
direct^ dottTitt-ards, b in contact with the medM and anterior surfaces of the upper 
end of the right kidney* Frequentiy the base b related to the tipper part of the 
mediail border of the right kidney and not to its upper polcH The mtmor nrrfaee 
look* forwards and btct^ly, and has two areas; a medial. narrow and non-peritoneali 


Fio* 126 v*—T he Aupnuenal glinda. Posterior upect, 
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which lies behind the inferior vena cavaj and a lateral, somewhat trianguWi in 
contact With the liver. The upper part of the latter surface k devoid of peritoneum^ 
and is in retation w'lth the lower and medial angle of the bare area of the liver^ while 
its inferior porrinn may be covered by peritoneum^ rtfiected on to it from the 
inferior layer of the coronary ligament i occasionally the duodenum overlaps the 
inferior portion* A little below the apesi and near the anterior border of the gland, 
there b a short furrow termed the hilus* from which the right suprarenal vein 
emerges to join the inferior vena cava. Its ferterior surface is divided into upper and 
lower parts by a cujvcd ridge; the upper, slightly conv'cxt rcstsupon the Diaph ragra; 
the lower, concave, b in contact with the upper end and the adjacent part of the 
anterior surface of the right kidney. The thin medial border of the gbnd is related to 
the right ccnliac ganglion, which lies medial to its lower part, and to the right 
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(Lnfcrior) phrenic artery, as the vessel courses upwards and laterally on the right ctm 
of the Diaph ragm. 

I'ho U/t suprar^niil gland (fig. 1205) U crescentie in shape, its concavity being 
adapted to the medial border of Sie upper part of the left kidney. Its medial border 
is convex, its ialeml concave; its upper end b hbjtpw, its loftier rounded. Its 
antfrior has two areas t an upper, covered with the peiitancum of the lesser 

sac, which separates il from the cardiac end of the stomach and sometimes from the 
posterior ^ttemity of the spleen [ and a lower, wh ich is not covered with peritoneum, 

Fig* 11701.—Veniait *ection through m 

adult human supniltoal gland. k 



B 


but is in cnnUEi vriLh tJw psncfcss and splenic aiterv. The hilus, which b directed 
downwards and forwards, is placed near the lower part of the anterior suifa«. 
Frotn It the left suprarenal vein emerges to join the left renal vein, Its potteriar 
turfact is divided into two areas by a ridge; the lateral area rests on t he kidney, the 
medial and smaller, on the left crus of the Diaphragm. The convex medial bwder 
is related to the left cotliac ganglion, which lies medial to its fower part, and to 
the left phrenic and left gastnc arteries, as they run tipwards on the left ems of 
the Diaphragm. 

bmalJ aectturfy fttprareHat glands, w'hich may consist of tajrticsl tissue only, are 
often fototd if) the areolar tissue round the suprarenal glands; thev are sometime* 
present m the spermauc cord and epididymis, and in the broad'tigament of the 
Uterus. 
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Struciuire (fie. 1170 ^ and a). If s supraf^nul s^land i!^cut across h seen with rhe 
naked eye to of iin outer pnrt, called fhe conc^^ which is yellow in coEi^ur 

and forms the majii mass of theglund, and a dun inner part, oalkd rhe meiMia, which 
fonrii only aboti t one-tenth of the whole gland and is Jack red or pearly grey in colou r 
depending on whether it contaim bkH>ti or nnt. The mcdLi^ is cnmpkleJy cticJoscd 
by die cortex, except ai tht hilns where xht supnin:ri^! vein emergea from the gland, 
'ilie gland i« invested by a tliick, cEillagcnous capsule fmm whkrh trab^lvc 
pa4^!i lor \'ar>''ing depths into the cortex ; the capsule contains a rich plexus of aiteti^ 
from ivhidi branches pass into the gland. 

The corffx JS seen on hUtologIcaJ exantrnatian tu consist of ihrce sane* of oetLs. 
The outer ^nc lies immediately beneath the capaulc and J* called the zona j^hm^ru- 
; it conak^ of short colLuniiar cells arrange in rounded groups or curved 
columns, the cells having deeply stainiixg nuclei and a scanty basophilic cytoplasm in 
which a few lipid droplets may l>c present. 'Jl'ie next intic iisi bmndcr and is called the 
fiackufiWi it canskts of large polyhedral cells with bast^hilic cytoplasm which 
aro amirigcd in filraightcoluttm? ; the cells contaui nunierous lipid droplets and large 
amounts of phosphoTipina^ fats, fatty acids and cholesterol. 'I'he ititierrnost zone of the 
conex is ^ Ikd the afwa rrJjrr#£qi 7 >: it consists of branch ing and anastomivsingcoluimiR 
of cells. The edfs contain few lipid dropleta i in some of the Cells there are yellow or 
brownish granules and some of the cells show evidence of dcgcncniticm. 1 1 if^ believed 
by some that the cells in the ;^noa nlomerirloaa, partlcuLarly those in its deepcT part, 
Ufidcrgo continuuufi proliferation, the daughter cells migrating deepty loform the zona 
fascictilata and aubscQUeutly moving more deeply still to form the :con!a rcttcularis ; in 
the iartcf zone the ceils dvgrncmtc and are absorbed, ’rhi- cells of the cortex produce 
various hoTmor^s and, particularly ihtwe of the Zona fasciculota^ ire very rich in ascorbic 
acid (vltatnin C), The cells of the zona glonieruJosa appear To produce hurmorkes of 
the dcoxycorticrj^tcronc type that maintain electrolyte and whaler balance in the body 
tissues ; the cells in the xuna fasciculata produce hormones of the corticoaterune type 
that maintain carbohydrate balance ; and the cells of the sojia reticularis produce 
hormuncs of die Rtemid type, numt-ly sex hormones fprogesicronc, ecstrogenic 
hormones and androgenic hnrronncs). The cotteX is caacntisii for life ; toroptetc 
reinovai results in death unless conisane is given. In some mamroals the cortex plays 
a^Ifljge part in controlling the cyclical phenanierm of tlie ccstnia cycle, during which 
the cortex undergoes cyxiles of hypertrophy and regression, iknvccn the cells of the 
cfFrtci lie ninusoids,, iniu which most of the hntnehes of the capsular arterial plexus 
open* though Mine arteries pass straight through the cortex to the medullary' sinusoids. 
ITte cortical smiiisoids also convey blood to the medutjari'' sinusoids. I’hc emJnthellBl 
cells of the sinusoids are phag-orytic and belong to the macrophage (micuto- 
endothellBl) system. The cortex first develops early in the second montli of intra- 
Eiicnmr life as 4 proliferation of the tiursodermal (xclumlc epithelium on the posterior 
abdominal wall, l>etwecn the rooE of the dorsal mesenterj' and the gonad. The cells 
become large and eosinophilic and form the firtal (or Stmtuiorv of the 

suprarenaL I^ter in the same monthn another pn^liferatian of the txelnmic mes4>- 
iheliutn prcKluces smaller boaophillc cells which form a thin layer superficial to the 
fcctal cortex ‘ these cells form the fiffiniihf (or adult) of the gland. At bii^ 

the relflriydy large size of the suprarenal kdoc to the very thick layer of fittal cortex, 
the dcliRiijve cortex fomiing only a thin zone. Ahmir the time of birth the fcetal 
^rtex b^ins to undergo regreastun and it has largely disappeared after a few weeks. 

7 00 rapid involution of this cortex may cause fatal httrmorrhage in the suprarenal 
glands. Tills Erinsicnt fcctaJ concx h found only in Anthropoid^, lliere is no 
ccmcioaiyc tridence d^t it producer androgenic hormones. It is vety poorly de¬ 
veloped in anencephalic fafruae*. It does not represent the X-zoriie {or androgenic 
zone) foundp for Instance, in the young rouuse ss a zone surrounding ihc medulla;* 

T he mnluifa of tile supTancnal gland Ls composed of Kn^ups and col Liniiis of 
chromaffin cells (or plfaEochroniocytes) with wide venous ^lidusoid* petmearing 
between them. Small gimips of ner\'e-cctisp or even single ncrvc-cellsp are found 
here and there in the medulJu. TTie chromHilfin cells produce adrenalin and nor- 
adrenalin, which pEtss foun the cells directly into the sinusoids. The sinusoids open 
into the siipnirenil vein at the hiliu of the gland. Notnuilly little Bdrenalin and 
noradrepalin are secreted, but under emergency conditions of ftar, anger, stress, etc., 
the «cretiun is considerably increasetl and produces cardiac acceleration, ■^aao- 
constriction ^ raised blood-pressure^ eic-, by reinforcing the fictiviiy of the sympathetic 
TicTvous system. Unlike the cortex, the medulla of the suprarenal is not essential for 
life and ita removal hjes nci marked effect. The chmma/hn cells of the medulla develop 
and migrate from the taearal crest? (syrepathp-chromaffin tissue, p. 145), The 
chremaHrn reaction (browm staining of I he granules in the cells by polassiutn hi- 
chrcFmBlc due to oxidation of the adrenalin and nuradrenolin in the granules) is shown 

■ 1- C. Junes, Brit. XkiL 955, tl* 
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first Ln tin: fifih month nf fcetal life, but atitnnaliii is present jis early as the thini 

montii-* j . # 1 

Funjrfnwjir; rriiTriowjAj> (Qrfrx tmJ nwiiuih of the uif>rtire:trul —H 

is only in niumiiuili tJiat the ehramafFin tissue of ihr- suprarcnel bc^gmrst ulmnsr 
completely tmclescd by tunicai tissue. In otnilstgiiiotis fi«b the di^fish) the 
Lorticfl-I tisiue forrem a pair tjf bodaea situated l»ci™cn x\vz kidneys, know^n ^ the 
intcr-rfrtul bodies, vibcmas the chromaffin tissue is crwnplctcly Mpnrate and forms 
Aegmentally aitatiKed bodies closu^ly related to the ganglia of the sympathetic mink. 
In omphlhia the cfimrimflln iksue borders on ihe cortical tissue but is ncii enclosed to 
form a medulla. Coupiand f Jtas tlMnm that in the ilufjtish the chromaffin tissue 
produces only norndmuiilin : in the froj;; ii produces mainly Eomdrcnulin, and small 
imioums of adrenalin. : in the rabbit and man the chrinniiffin tissue af the suprarenoj 
mt^duIlM produces mainly utlrciialitT nml sf>nic noradrenalinp whereas the ebtamaffin 
cdls of the pnra-anrtic bodies, which Aft not closely assodjited with conical tissue, 
produce norudrcnalin only. It thus nppears that the presence of cortical tissue in 
close pjosirtiit>' io the chrumnJfin tissue determines the appearance of adrenalin by 
the mcthvktion of the primary amine, nriradrenalits. 

Vessels atid Nerves.-—'ilic suprarenal gland art cx^^di^gly vascular onpn. 
'The urtiriet, which are of comparatively large sbse, are derived from the abdaoiinal 
amtii, and the phrenic om:! rtpnal artedcs. 

The juprorerw; vein emerges fmrn the hilus of the gland ; that of the right gland 
opens into the inferior vena cava, that of the left into the left renal vein, 

’'Fhfi lymph vessels end in the lateral Kcirtlc glands. 

The fitn et arc exceedingly numemus. They are tnoinly mcdullaTcd preganglionic 
sv'fnpathetie fibres and are described on p. tiiy. I'hey are distributed to the chrum- 
flifin ceils In the medulla of the gland. The activities uf the suprarenal cortex are 
largely controlled by adienucorticotriiphic hormune {A.C.T.H.) secreted by the 
anterior lobe of the hypophysis. 

AppUe^i Various chnk-al conatitjons may occur as the result of lesions 

affecring the cortex or mciiulk of the suprarenal and the\^ am atntbutahlc to the 
effects iii excess or defieiency- of the secretions of these ports of the glpd. 

Atrophy or tubcTcul&sis of the suprarenal cortex, with coiiseciuent inaulficiency of 
cortical secretk>n. results m Addison's disease, w'hich ta characterised hy muscular 
w-eakni:«s, low blood ptesatitej ofunnia, brownish pfgracniation of the ^kiu, changes in 
electrolyte and fluid balance of the tu^sues, and lerminal circubtory and renal failure. 
Exetsaive cortical i^retion due to tumours or hviierplasia of the cortex nmy produce 
various effeexs. ft) En the adults Caching's lyntlmme may reiuiltp cluLracterised by 
obesity, excessive KaLrlnesa of the face and trunk, dialKlcf meHituis^ end irnpoteru^c 
and hypogonadism in the male or omenorrhos in the female. (2) In W'«>fnen| 
masculintsation of flic secondary sex charpctcrs (virilism) may occur due lo excessive 
seeretion of androgente homiones. In men^ femtnisauDn, partlcLiliifiy hreoAX 
enlargexnrnt, may m-ctir. ^4Hn children, there may be prcceicious body growth and 
development of the external genital organs, with i-arly nxerkstruatbri in the female. 
{%) in the female foetuj., hyperplasia of the cortex occurring between the third and 
fourth months gives rive to the eonditjoii of fHnnale pseudohermaphmditism, the 
excessive arKirogen secretion interfering ivith the difFctentiatioTi of the urogenital sinus 
that occurs at this time, so that the urethni and vagina open into a persistent urn- 
genital sinus t ihi^ clitoris alK> enlargea and the external genital organs thus resemble 
tho&e of ihe male. In the mule fettus, conical hyperplasia at this rime cauica excessive 
development dI the external genital organs^ 

lliktenil removal of the supranmal gbndfv (adrenaketomy) ip used in the trcatmEmt 
of advanced, mopentbJe cases of disscminBied caneer of the breast or prnatiiEe, w'hich 
do ncn respond to X-ra^‘ therapy and whete die malignimi changes are dependent on 
hormonal control (androgens or ixstrogens). 

Of the steroids that have been isolated frcpm the cortex, one, calkii cottijone, 
inhibits the production of eoJIagen fibres ; it is us*d with benefit in the treatment of 
rheumatoid arthritis where a material called fibrinoid (which may be foimed by the 
degeneration of eollagen fibixs) is dcpiuiited in ihc inlerccLIuLLr substance uf the joint 
[laaues- Contsonc abo baa on inhibitory effect on allergic phenomena (aslhmii> bay 
fever, senjm sielmras, ctc.>. TrcaTment with cortiKme maintains life in Addiscin'i 
dkeaflc atid in coses wbeire the suprapcnals have been removed surgically. 

I'umfHkirs of the aupraTenal meduJlfl and of the pant-aortic bodies (phacocbvomo- 
cytomas) tnay occur ; they may be simple or malignxm, and the consequent excessive 
^cretion of udrenalin and noradmnDlin pmduces atiaeka of palpitations, ^veating, 
pallor of ihc akin, hypcTtenaion, headaches, and, if the tumouis are of Jang^sionding 
duration, reriniris and ^-oscular chHUges in the kidiie^-:!^ 

• M. ¥ Ed. Keene And fi. E. HeWcT, 19^7, 61, :J0±+ 

+ H. E. Cowpimd, J.ftsdjccriJtaf,, 1951, ^ ir>4. 
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THE THYMUS 
The Thymls (%. 1271) 

Tile thymus varies in size with aRC. At birth it cximmonly weighs bemden 
to and T5 giii .; it continues to grmv up to the age of puberty^ when its weight 
ranges between 30 and 40 gTn> '['hereafter it generally progressively diniinisbea in 
undergoing gradual atrophy and rcpbcemeni by so that after mid'aduU 
life it may weigh only al>out lo gm.^ though it may remain large and w cigh between 
2S and 50 gm^ 

In early life it h pinkkh-grey in colour, soft and ^ely lobukied an its surfaces^ 
nnd consists of two uneqtiaJly-sizcd, pynimidid lobes cooneclcd together by areolar 
tissue. AhhougJi the thvmus h customarily described as a single unpaired organ^ 
eacti lobe is developed Irum the third phanmgeaJ pouch of its own iide (p+ x 34 )+ 
and strictly there are two separate thymic bodies, right and left. The thymus lies 


FlO, 1271.—THc thji'miil of a futl-tiiTtc fertiu, ElKpOijCd iff Sita. 
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in the anterior and superior medJastma of the thorax, extending as far inferiorly as 
the fourth costal Cartilages, and its upper tapering parts extend into the neck, 
sometimes as far as the lower part of the thy raid glaod, or even higher. Its shape 
is brgely dciermincd by the structures related to u and upon which it is moulded. 
Anteriorly, it is covered by the sternum and the Sternohyoid and Sternothyroid 
miisdes.' Posteriorly, it k moulded on the percardium, the aortic arch and iiB 
branches, the left hrachioccphfllic vein, and the front and sides of the trachea* 
After mid-adult life it becomes yellowish in colour due its gradual replacement 
by fat, Small accessory nodules of ihymk tissue may occur in the neck 23 detached 
parts of the thymic diverticula in ihdr devclopntental descent (p. 184), or the main 
thymus may be continued up^urds as thin strands into the neck along this path, 
reaching to the tbyraid cartilsigi: or even slightly higher,. SomL-iimes the cervical 
part of the th^Tnus is represented by strands of connective tissue which conntet 
tile thymus to the inferior parathyroid glands- "JTie nodules may he do&eJy asao^ 
ciaied’with the parathyniids, those related to the superior paraihyraids (para¬ 
thyroids IV) being developed fcoiift the fourth pharyngeal pouch. 

Structure (bg. 1272 A and —Eoeh lobe is surrounded by a delicate hbrous capsule, 
from which septa penetrate for a shaft distance to divide the lobe inm irrvgulmr 
lobules, each about i mm, to 2 mm. in d/ametcr- T^e lobules ate not compktety 
separated from each tnher by these iwptji, and the deeper (medullary) parts of the 
iDbules are coniinuous with each odicr in the centraJ parts of the lobe. Each lobule 
consfsta of a cortical and meduliary portion ; the $epra do not pass into the medullary 

* M. Vmuig «nil M, Tuffibull, J.PaM.iiuff.., tgj 1. ^4^ 213 ; G. Keyow, Briir Mrd.y^ 

1 ^ 34 . M* ^ 59 ^ 
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part, 'Hie of cucli JobuSir la i.-ompostd miinly of lymphrMrytcs^ supported by a 

HL^r^York uf branched rcEicuLir Lh[>Li^b ihe pu^nce of these ia obscured by the 

hmy concentration of lymphocytes tn ihir ctmoji. I’he mrduHa contains fewer 
lymphocytes ihim the cortes, so that here the presence of the reticular cell* i% more 
obvious in histolc^cal sectioiis. The reticular cetls flie larye, irregularly bninirbed 
cells, with pale-stainLnit nuckJ, and they fnmi h reticulijm in the nicshes of w hich lie 
the lyitiphrKytcs, The rttlcular cells arc believed to be derived from the original 
entudcrrirutl pharyni^eal thymic divrnicula ' t their epithelial nature is more obvious 
in fremi life, or after destruction of the lymphocytes by cjtposurc of the thymua to 
X'fa>^. ^Hiey diflcr fmtn reticular cnimcctivc iSssu-c cells in that they do not take up 

Fig. i iyaA-— A loctian rbrou^li the theniu^ « 

of a new-boni ehiltlK Jihnjwioj? the Kunrni] FlG. 

fallkular fttnicture. ^ 8, A concentric corpuMle. K38a- 
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injected vital dyes, like trypan blue. Tlic medulla also contains n^t-likc bodie*, 
called the mtrrm/rtV (of I CaE^ull), which are in diameter. Each is 

compfised of a central mass of hyaline maxcriaj end hrciken-up nuclei, and it sim^e- 
times contains small cysts or depoaits of calcium. Srkiiruunding the centml mass are 
a few^ layer* of coucentripilly arrani^ed flitlencd epithelial cells, the innermost ones 
of whkh may be dead and underf^jim^ dcgenenition. As the thymufl tmdcigoes 
atmphy with ificrcaainpi there is a gradual dtaappainince of the lymphocytes and 
their rrplacemcnt by fat. ITie concentdc corpuscles are the last element* to undergo 
mvoluTion^ find in old age the th>tnus may consist of ihc corpusclcf surrounded by a 
few rcrieular ccll» an<l lymphocytes and fat. 

Vessel!^ and Nerve*.—I'he iTrfen« art derived from the ititcmal thoracic and 
inferior ih^id arteries. 'Hie v€mt end In the left bntehiocephalic^ ixiiemai thcktadc 
pnd inferior [hytoid veto* ; commfinly nnc or more veins emerge from the medial 
side of each Inhc and join together to fonn a eonunon trunk which opem into the left 
brachiocephalic vein. TTie lymph vmds are described on p. gtz. l^he n^et are 
small and are derived ftTwo ihe s^TTip;ilhetic (mferiiu- cervical ganglion or ansa sub- 
cla^ia) and the vagus; bruiches from the phrenic and deseenden* cctvirCftlis are 
distributed lo the capsule ^if ihe thymus. 

Appiitd Amtamy .—Apart from the pmducrion of lymphocyte*, the functions nf 
the th^TTUis are clouhtfuh and it is not generally ugreed that it produces a hormone. 
CflstniTton or ailrenidcctomy delays im^tiJution of the Thymiis, w hereas h^'pertrsphy 
of the suprarenal cortex (or injection of cortisone) or the injection of androgejiic 
hormuncft cause* atn^hy of thv th^-mu*. It is thus believed lliat normal involution is 
due to the androgenre hotmone* produced in the gnnads at pubertyv A persistently 
etilarged thymus may he associated with undcr-dcvelopmeTir cf the exieTnal genital 
organs and of the secandary sex characten. The fact that the thymus is geneiallv 
U-st dctTcSoped befure puberty' has suggested that it may in some way be connected 
• IL 11- No™, C'awjf. Jaiin,^ ^7, 191. 





THE THYMLfS 1541 

with the emwth process in the bcidy. It has also bc^n rly^uf^ht that the 

reticular cells msy be the sdutee of any hormune production that nmy occur in the 
thymus. In the past, the term * status thyniolymphaticus ' was used to denote H 
conation in which sudden death in young persons accutmed jtftcr slight ipjury or 
duHng the ail mi narration of oniesthetics (t^pccially chloroform). In some of these 
cases the ih^Tnus \\tli foLmd To be enlarged^ with or wilJu}UT ijencml cnlargcmenl of 
other tyznphoid strucnircs in the body, fem such a condition is not now i>elievcd to 
constituir M clinical pathological entity * and these enses of ^dden death are attri¬ 
buted to a subnormal general constirutum of the indiv'iduiil, witJi timdcqLiate cimilA^ 
tory incchaniEm and consequent heart failure under cumpsiratively trivial circum¬ 
stances. In young children, a large thymus {hypctplasiii) may in rare press on 
the trachea ailtl cauMT attacks of respiratory stridor^ car nnwy and ditficult breathing. 
Tumuura of the thvmus may preas on the tnichea, the tEsoph^ui^ and the large Veins 
ELI the rs>t»t of the neckp causing hoarseness, cough, dysphagia and c^'nnosis. Myas¬ 
thenia gnivtx it a chronic di?icc*e in adul^ characterised by diminutian in the power 
of cnnttmction f»F eertain voluntary musdes after repetitive contracduns have been 
carried out. 'Fhe muEidcs tnost commonly immlvcd are the Levator palpebne 
SUpeHoris (leading To ptosis or druoping of the upper eyelid) and the orbiuti muscles 
(jeadifig to diplopia or double vision). Other muschts (fodah masticaTory^ neck and 
limb muscIcB) may he involveil, including in severe caseji the nsspitntory muscles. In 
many of these some abnormalil^- of the thymus has been observed, such as a 
genend enlargement (hjiKrplasia) or a tumour (ihyinoitia, ctrnipoKcd of epithellHl cella 
derived foKn the reticular cells or possibly from live lymphoc^*?]^ and in a number 
of these C3ises transient or more lasting itnpmvcmenr may "follow removal of the 
thymus. The condition is believed to be due to a defect in neummuscuhiT trans¬ 
mission caused by the liberation in the (hymLis of some curare-like inhibitor suhsitertcc 


Fio. T27j.^''l'hc viscetiil surface of tht aplecn. 



which blocks neuromuscular iransmissiDn, p<isstbly by itihlbiting the synlheais of 
acetyicholEnc at the nerve ending;^. The condstiiin is alleviated by injection of proo- 
tigmine (neostigmine) which is known to antagonise lire action of ciirativ and it has 
been shown t (hat eatracta fretn the thymui removed from patiefiis W'ith myiuthenia 
gravis^ or even from the apparently normal thymus of fcctu^cs and infant^', depress 
contract tons in experimental [nrerelc''netvc preparations. For this reason i t ii thought 
that the normal thymus exerts some sort of control over tire neuromuscular trans¬ 
mission mechanism. 

• M. VcHiog Pifid H. M/TurabuSl, J,/^ulAr :!13. 

t A. Wilson, Ar R, Obiisr and I I, Wilsan, /amrrf+ i9B3* ii* 
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The Spleen (Lien) (figs. 1273 to 1277) 

The spleen h flituated principally in the left hypochondriac region of the 
abdomenp but its posterior end extends into the epigastric region; jt lies between the 
fundits nf the stomach and the Diaphragm, it varies in shape, according to the 
SJ2C of the coUc impression^ rroin that nf a aJighiLy cur^^cd ivedge (if the colk 
impression is small] to a tetrahedron (if the colic impression is large), [ts long a.xis 
lies in the hnq of the tenth rib^ its posterior extremity being about to 4’0 cm.^ from 
the mid-dorsaL line opposite the spine of the lenth thoraeic %^ertebra, ^nd its anterior 
cxiremity reaching as far an the miil-axillary line. U is soft, of very friable 
consistcncCp highly va^cuhir^ and of a dark purplish colour. 

Relations.—The is coiives, smooth and faces upwards, 

haekwardSp and trr the Icftk except ai iis posterior end^ where it faces slightly 
mcdinJJy. It is in relation witji the abdonuiisJ surface of the Diaphragmt whiefi 
separates it from the lowest parts of the left lung and pleura and the ninth, tenth 
and eleventh ribs of the left ftide+ 'J’he costodiaphragmatic recess of the pleura 
cxlimds down as far as the inferior border of the splccfl. 

I'hc visccrat surface (fig. 1273) is directed towards the abdominal cavity^ and 
presents gastric^ renal, pancreatic and colic impressions. 

The gastric impression^ directed forwards^ upwards^ iJWid medially, is broad and 
concave. It h In contact with die poaicrior w'alL nf the stomach, from which It is 


Fig. 1374 .—A trnmverse Hedon through the iplcen^ ihnwinK the tnbeculiT dbauc 
and the splenic vein and itn tribumrin. 



separated by a recess of the greater sic of the perifoncu m. It present near its lower 
limit A long lusiire. ttrmed titt hiins. This \s pitreed h> acvtnJ irregukr apertures 
Tor the entrance and exit of vessels and nerves. 

The rnutl imprestion, which is very gently concave, is placed on the bwer part of 
the visceral surface and is separated from die gastric imptesainn above by a raised 
margin. It is directed medially, downwards and a little backwards, and is related 
to the upper and lateral part of the anterior surface of the left kidney and, some- 
times, to the upper pnic of the left suprarenal gland. 

The totic mpretsioB ts placed at the lateral extremity of the spleen and is usually 
daltencd. It is related to the left colic flesure and phreracocolic ligament (n. raio), 
Thepff'irrftj/ieijnpnfHJon, when present, is small and is placed between the colic 
impression and the lateral p^art of the hilus. It is directly related to the tail of the 
pancreas which lies in the lienorenil ligament. 

Tile $HpeTior bordn separates the diaphragmatic surface from the gastric 
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Impression, It is usually convex upwands aod is marked, near its latcraJ end, by one 
or two notches of vambJc depth. The notches indicate the lohulQttd chameter 
of die spleen in early f<Etul life (p. 199). The inferior ^der the renal 

impression from the diaphragntaticijiiifaixflnd hcshetivcen the Diaphragnt and the 
upper part of the lateral border of (he left kidney. It is blunter and more rounded 
than the superior border and corfCSpH>nds 10 the lower margin of the eleventh rib. 

The posterior extremity of the spleen is Muni and rounded in. oiost cases. It is 
directed towards the vertebral coEuinii. The untenor ex/reTmiy^ b more expanded, 
and commonly takes the form of a niargm connecting die latcnaJ ends of the upper 
and lower borders. It is related tn the left colic flexure and to the phrenicocoltc 
ligament. * 

The spleen is almost entirely surrounded by peritoneum, which is firmly 
adherent to its capsule. Recesses of the greater sac mtervcnc between the spleen 
and the stomach, and bcmccn the spleen and the left kidney. It develop in the 
upper part of the doisal mesogastrium (p. 199) and remains connected with the 
stomach and the poatedor abdominal wall by l^‘0 folds of pedtoncum. One, 
termed the ItfTioremil ligament^ is derived from the peritoneum where the wall of the 
general pentoneal cavity comes into contact with the omental bum between the 
left kidney and spleen ; the splenic vessels pass hetw-ccfi it* twxi layers {fig. ti6N). 
The other fold, icrmcd iha^ gasirosptenir ligameHt, consists of iwo hiycifSp and is 
formed by the meeting of the walls of the greater and omental bursa belwcen 
The spleen and stomach (fig. i ibH); the short gastric and left gastroepiploic 
branches of the splenic artery run between its two byens. The lateral part of the 
lateral end of the spleen is in contact with the phrcfiicctcolic ligament. 

I'hc size and weight of the spleen var)- at diffon^mt periods of life, m different 
individuals, and in thu! same individual under different conditinns. In the aduit it is 
usually about 12 cm. in length, 7 cm. in breadth, and 3 or 4 on. in thickness, but 
it tends to diminish in size and wx-ight with advancing age. Its average weight in 
the adult is abuut 150 pm., though it may r.mge between So and 300 gmr^ largely 
according to the amount oi blood It contains. 

The size of the spleen slowly Increases durine digestion, nod varies according tp 
the stale of niiidtion nf the bodyn being iHrse in highly fcd+ and small in starved, 
BnimalSd 

Ftequenlly in the rteighbourhood of the spleen, and es|}eciaUy tn the gastroaplcnie 
ligament and greater omentump small encapsulated noduEes of splenic tissue may be 
found, cither bolqtcd connected to the spleen by thin bands of splenic tissue. They 
arc known as attetii/ry spiemt and they niuy btf vcr>' numemuiv and widely veattered 
in the abdomen. The spleen rnay retain its fcctal lobulated form, or ih^re ttipy be 
deep Hutches on the dtBphnigtnqiic surfuce and inforior border, in addition to those 
usually present on the superior border. 

Sifrface Amrtorny ^—*rhc position of the spleen In tlie llviog can be determined by 
percussion. The dull area extends over the ninth, lenth and eleventh ribs in vertied 
extent and should not extend forw'ards further than the mid-axillary' line. The normal 
spicco iia not palpable. 

Siructurc,“'I'hc spleen k invested by two coats : an external serous and an 
internal Hbro-elastic cost. 

The external, or womi, eoal is farmed by the peritoneum ; it is thin^ amoath, and 
in the human subject inthtiatcly adherent to the fibro-cLastJc coat. It cnvests the entart 
organ, except cit the hi!US and along the lines of rrHection of the Itenorcnal and gastro- 
splenic ligaments. 

*lhc fiffTOr-tiastie coat, at eapitde^ iru.'csis the ongan and from it iraliecalte pass info 
tltc spleen and branch to fi.’irm a network wliich constituies the framewoik of the 
spleen (fig. 1^74)+ The largest rmheculic pass in from the hilus and ansheath the 
splenic Vessels, which divide into branches that rutr in ihe subdivisions uf the 
tiubeculi£r (hg ] 275). The capSTilc and trnbeculic conakt of collagenous while fibrouj? 
tiFuuc and yelhivf ehistii: fibres^ the latter being mnre numerous in the trabeculae, fn 
many maniinak the capsule and tntbecukv contaipi numerous plain muscle fibres nnd 
the rhythmical contnicticin r>f the spleen is nttrihuted tn these fibrei?, [n man^ very 
fc%v muscle fibrics ure present in the capsule and trubectibe, and cootriierian and 
disfctision of the spleen are attributL^i to constriction or relaxation of the blood ve^^h 
(teeMmc) with cDiuiE:<^uctir alteration in the amtjiint of blood in the Organ. Increase 
in the blood content distends the spleen ond tiretehes the elastic fibres in the capsule 
and (rabccuLe ^ ctmtraction of the spleen is due to the recoil of these fibres. 
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The ^ubdivfjiiQm of the trabecuhe art." ^lontb^bUduta mih a meshwork of fine reticular 
fibres, in ihc interstices uf ^ hkh the jpteme pulp is cimiained. lliere are two kinds 
of splenic pulp, the red pulp and the white pulp^ which arc both related to the blood¬ 
vessels pemneaiing the spleen^ 


Fra» 1375'—A tnuiBvejM: section ihroug-h the huitiBii spleen, showing the 
distribution of the tplenic irtcry and id tunnches. 



Circulation of blood In^de the spleen.*—The Jar^, tortuous splenic artery, 
befon: it rew^w the spleen^ divitlcg in the liL-nurmml lifament into five enr more 
branches which enter the kilns of the organ lind ramify thmughout iu substance in 
the tmbeculst:. The splenic \ein is formed in the IJencrenal ligament by the junction 
of five or more tributaries which emerge from the hilus* Small arteriolar branches 



t-ajvbli 


Fig. 1176.—a sectiati thmugh a ponion of the tiumau spleen. 3< « te, 
buTUtDryLLn and «asin. (After SobdTti^) 
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of the splenic arteries leave trabeculit, and their advendliaJ coat b««nw rcDtaced 
by a sheath of Jymphstjc tissue which aewinipanies the vessels and their bf^ches 
•Jmosl M for as th^eir division into capHlsrk's. ITiese lymphatic sheath* eonstimie 
the wAifr pulp of the spleen, and here and there the sheaths are enlarged to foitn the 

• M. fl. Kniscly, .'fnett. ifiv., 1936 . 6 s, 13 and iji ; D. W, MflcKeiixie A O Whlnnl. 
md M, P* Winters^iner. Hsirr.r tw-. «. 39 ^ t T. Sn«"k Zilr":^ 

S7, 31 ; H. M. Peck and N, L. Hcerr, Awi. t,si. 109, + 47 i O, J. ijjwi., J. .dwTf!; 
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fpUnic lympfuiiir foUicIa (Malpl^hijn bodied), ivhick vary in diamet^i^r fmm 0'2S iiicn. 
to 1 nim^ and arc visible lt> the naked eye on the freshly tut surlkoe of the onpn as 
^'hitish se^Hi^pttque dots tutitmsting with the dark n?d colour of the suiTfiiiudlntt 
tissue, which constitutes the Tfd palp of the spleen. These lyoipluitic: or lymphoid 
follicles arc centred of lymphocyte production. There are no IjTnph vessels hi the 
follicries end the Ijinphocytes miitrate by ameeboid movement into the surrounding 
red pulp and euntinue to multiply there. The follicles atrophy vrith Increasin;^ o|fq 
and may be absent in old age. "I'he Artcri*lcs usually occupy an eccentric poaitiDii in 
the follicles and (jivc off line side branches to supply tlae foliicica. ITic arterioles 
finally lose their sheaths of lyTuphatjc lissiic and enter the surrounding red pulp, 
where they nt once divide into a number of straight vessels termed Eneh of 

these slnnght^wssels, after tunning a coutw of about o j mm.^ shotvs a slight thicken¬ 
ing of its eoat^ known as an r^/ipiwVf, w^hich is formed by u condensation of l ehcular 
cells and maerophages, and the lumen of the vessel is consideirably nanfoweclH The 


FiOr 1277,—A rhiti sretian of the splenic pulp of a yaung iubject, showing one of 
the tfpknie venules on lonKitudinBi section. Many frngmenti of diHinTtgratcd 
red blood-corpuscles can be seen within the phagCC^'lic splenic ceEla, Stained 
w ith hamkitDjcylin and eosin. x ^ ^50. 



ellipsoids arc well developed in some mammals but are only feebly developed in man. 
Beyond the ellipsoids, each vessel continues as an amrial capillary, or may divide 
into two capillaries, the termination of which is undecided. According to the * clused ' 
thetiry' of the 4 ^plcnic circulatJon, the capilkrii^s arc directly continuous with venous 
sinusoids timt he In the red pulp, and these in their lum convey the blo^ to the 
venqu$ rnbutflrics of the splenic v'cins that lie in the trabecula: and eventually emerge 
ffum tile urgati at the hilua, the endothelial coat of the capillaries, sinusoid^ and veins 
being continucuB so that the blood docs not come into direct contact with extra- 
wcular jitructures. Accarding to the ' open * theory^ of the splenic circulaiion, the 
capillaries end by opening directly into Uic red pulp, so that the blood lies in the 
interstices of the reticular tissue. The venous sinusoids arc lined by long narrow 
cells arranged in the lung a^is of each sinus, outside which arc circularly arroiiged 
reticular fibres, and ^tween the lining cells it is claimed that there are numerous 
pcnriiuicnt openings in ibe wallii of the sinusoids through whidi the blood can paM 
back front the red pulp into the sintisdids and thcncc to the veins. 'AamG adopt a 
' compromise ‘ theory' and claim that, whereas the drculation may be ' open * in the 
distended Spleen, ii becomes functlunally * closed ^ in the contracted organ, while 
others maintain that the lining cells of the sinusuidii are extremely sensitive and that 
cvm w^ith 3 ' c|i»cd ' circularion they may become permeable m red blood cells in 
v^ouE cireumstances. The above thenrics arc bound up wdth the question of the 
meclunism of storage of crythrc>cytc 3 in the spleen. 

Red pulp contains nureemus crythmeytes, phagocytic reticulo-cndotheliml cells 
(macrophages}, lymphocytes {derived from the l^'mphatic follicles) and monocytes 

jea 
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(fdrmcd from lympkouytie*). Worn out crt thmcyles art iniftsttd b.v^ the mBcmphagta, 
the hscmoRlobin being concerted into bilirubin Jind die iron-contBinjng moiety of 
Hgcn^glubin ; the former i& conveyed to the liver whereas the latter is conserved and 
conveyed to the red bone maTTow to be udli^d in the formation of new erythrocytea ; 
the snaemphaRes in the spleen contain brownish Rrannles of hErncssiderin- The spleen 
at timcB storcii erytbrocyteSp the storage mechanism involving the separation of 
erythtocryies from pla-snia, but the site of scpanition and atorage is uncer^in t accord¬ 
ing to the " closed * theory of aplcnk circubition it is in The vltkius sinusoids, the filling 
and emptying of which an: controlled by sphinclcts at each end of the sinusoids^ 
whereas acoordinj;! to the ' open ^ xhmry it is in the reticular meshes of the red pulp. 
In staTw of emergency, especially tliosc associated with euioxia, the eiythn^tm are 
di&cliarged into the circulatioTip thus increasing the oxygen canying i^paclt)- of the 
blood, tn most mammalSp the discharge ia due in cotitmction of the plain muscle in 
the capsule and trabetukr under the inlluencc of the sympathetic nervous systeni and 
adrenalin i in man it is due to recoil of the stretched elastic fibres of the distended 
spleenp though the blood storage and discharge function of the human spleen is not 
nearly »o marked os in other species. 

Them is evidence* {*SVr J. L. Bmithwaitc and D. J. AdamSp J. Lem/., 1957, 

91 352) that file spleen in mm and other nnitnnls consists of separate ' segments ‘ or 
' compartments \ each supplied by one of the hilar brandies of ^e splenic artery and 
drained by one of the hilar tributaries of the splenic vein- .-Vdiacent cotnpaitmenrs 
am conne^cd by art intcrsegmentiil vein so rhat if one compartment becomes con¬ 
gested w ith blood p ciscess hltjod could pass by these channels to adjacent com pa rtmenti^p 
The spk-cn is also concerned in the formatiort of antibodies, which are probably 
produced by the plasm* cells (derived from hTnphocjtcs) in the red pulp. Extitpa- 
don of the spleen in animals or of the tniumaticully ruptured (hot oihtrwise normal) 
spleen in man indicates that It is not essential for the ordinary' maintenance of health 
and lafe. In the human ftEtus, from the fourth inonth onw^ords, rhe spleen b on 
important haematopoietic organ and the red pulp contains groups of myelocytes, 
crythroblttsta and megakaryocytes. In some anatniba and myeloid leuka;mb in post¬ 
natal life, the rcticuln-cndutheliil cells in the red pulp may unds^rgo a * myeloid 
mctapln^ta * and revert to a lu)cmatop«netic runcEjom. 

Ilte lymph crjir/i of the spleen are few and are confined to the capsule and the 
thickest trabecuL-e. lliey are described on p, 901, 

l^e rtrrties ore derived from die cceliae plexus and are chiefiy non-mcdullated. 
In man their diBlribulion ia confined mainly to the brnnebes of rhe splenic arleric? j 
in other mammals they also supply the plain muscle in the capsule and trabeculEC. 

Ap^ttJ ArralQmy .—^llic spleen may become enlarged in many Infections, notably 
in malarial where it may weigh as much os 9 kiln?. In splenic enlargement it b the 
anterior extrcmityi the anterior piur of the diaphnigmutic surface and the notched 
superior border that become palpable bolow the left costal margin ; the notches 
Iwcomc exoggcnitcd and may he easily palpable^ The left part of the tronsverae colon 
imd the left colic flexure arc displaced downwards, so that there la no area of colonic 
resonance on percussion over ihe enlarged organ j thii is in contrast to a retro- 
periloncal tumour (e.g, of the kidney) which does nut displace the gut and in which 
therefore on area of colonic resonance can be elicited on percussion over the palpable 
ttemour. Thete is no anastomrisis between the smal ler branches of the splenic arteries, 
so ihaE obstruction lead* 10 Infarction of ihe spleen. In surgical removal of the spleen, 
damage tn the tall of the pancreas mttst be avoided when ligaturing the splenic vessels 
near the hilus. 
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of VFOlrick^ 760 
ot thonrSp fprtt vc«(«l»p 7^8 
(0 735 

of 77*1 774 t 777h * 

793 k 794 
of thumhp 786 
of th^-muii 7l5i 134® 
of thiiTokl AknJp 735i 739 f i 

773. 153? „ 

of tflf^. 830, 834 

of EoTiKuo. 749, 749 j ■380 
of fniuil; 740. 741 p 744i 
1386 

of 771, 1325 

of Trigcmifial g^oi^liunp 748p 
75 t 

of trurtki 792 

drvdopmcnt, I7|i 
of tiTtipBWc cavity^ 74*^ 
746, 74M. 1^79 
mcmbfdlio. 74^. 743i 

1471 

of ureter, tioj, 809, 

148^ 

of UTTrhrj-r 811 

of utedne cubop Soft. 810 
of uEcnUi iJ4r 8*f^i 8 o 9 f 1518 
of vn^na, 810, 8 i3> 1521 
of vdzkN G99 

of vomitfbrin apftcfidtx. 
8ojt 1435 

of vefttbre, ;z9p 768^ 794. 

of veatibuie, of vagina. 813 
of V uceml aTcJtWp J1 I'&H 
ARTEftlES. N'AMED— 
aberrant, 7<>4 
occeM^ry 

gOBtrie^ left* Sor 
hepjitTc, SoOp 801 

imalp S05 

jiEelobylaTp of mcuud Cir- 
cunifEcx femoral^ 834 
of obiumcnf. Sir 
AoroniiaJk **f ilturaci>-«=rfr‘ 
mul. 777 

of luprutriEpular, 773 

jHut^minThomCtCr A.* 

nkf thorafie, 778 
fllitr, of ftOM, 745 
ailvrtilaT 

infctior. 749 # 
auperiof, 


Amries, Hamed frofti.) 
alveolar^ anicrior, 7$® 1 

poBieriorp 7^0 | 

Bona^ Aorla . 

■pfKndioidar^ 3*3* 1435 | 

■nruaCen of foolp 830 
auditozYp ijiieniiili 769. 

riun'ini'brp deep, 748 
of oedpifnt. 745 
posterior, 7^ 
of Hjpciiicifll fcinponl, 

fliioL oflililhof cFiibxTo* 175 

Millaiyp 775 

appUrd atiBEomy. 77® 
bmrKihcft* 777 
develapn]ent+ 17a 
mtfnee anutoniy* 778 
azyfftKf, of vagina, 
bokilAr, jC^, 7^ 
bTwcbialp 778 

applied luuiiomyii 781 
bVflni^bei^ 780. 781, 78a 
det'C-lopmcnt^ 172 
nen-e-ii^ply. 3 310 

peculiariitc^p 779 
braehiocepbftlic^ 734t 735 
hirmchcsp 735 
devrlopmcm, tGH 
■urfoce jouitoniy. 734 
bronobjol, 73 5h 793* ^34^ 
peeut»nTitt», 7*34 
buocdlK750 
of bulb of peim, 8 j 2 
ctnsd^ 803 

ralcnneaiip of petorteal, 833 
of poalErior tibbiil, 83J 
caraticot^TnpflniCp iGc;. 757 
carotidp commoUp 73Gp 

?l 3 

apptied Bfiatomy 

S5^ 85^ 

dtivelofamani^ ei8, 
1G8, 169 

peculEmidai, 738 
kftp in tbemut. 73G 
cxtcrcud. 739 
bnuijehcRp 739 
coIlflteni!l cimilntion. 
750 

de«topmefii, 
m parotid gbnd, 1351 

pcuulioritKa, 73^ 
internal, 735. 754 
bmruzheip 7^6, 7^7 
dvomotu part, 755 
cetebral pflrt. 75* 
cenkai parr, 754 
devel^mcnt, JiH, 169 
peeultdfitirA, 75G 
petToiu parr. 754 
jurfiK:r Bnatomy. 756 
eaipaJ, dnruK of radial, 785 
of ulnar* 790 
palmar of raJiab7H4 
uf ulnar, 7ii>o 
OavirrniHiip 757 
cciinLl. of bmiiip 7^9. 761^ 
7^2, 770 

cenrmi, of retina. 7|7^ 1095, 

1247 

clov-clopmeni, 148 
cercbelLftT, mferior. an- 
rerior^ 769 
poatcrior, 7^ 
thjnmboiH, 
tupenari 77 ^, 9S8 


.-I 


ArierioSp Named (f 9 «i J 
eerebralp anteiicir* 1(19,759 
middle, 1*9.. 759 
pofiteziot, 1*9, 770, 

lOlO 

of cerebrjl hactnorrhagep 
yfio 

eervioalp RSCCfidingH 77^ 
dcvektpmentp r 71 
deep, 774 

de^TkpmmtH 171 

i^tiperfidal, 774 

tnirv!ivet^^ 773 . 
chorioid, an terior, i*7v 
760, t07O 

jMsiitfior, 77*, 1070 
ciliary* 757 

in flyrball T239 p *^ 5®- 
1243 

t^nierior^ 148, 758^ 

125D 

posterior, boH and ihort* 
7S^P 1539 k taso 

cJrCumilelt, firmorol. lat* 
eraj* 822 
medifll. 82.3 
fibular^ 832 

hunlerijj, OJlttriori 77*^ 
posterior, 778 
lime* deep, 817 
superficial, £l2l 
iKa|iutBT, 777 

clavicular, of thuiaco-acra- 

iTiMt,777 

eocfi\'j;eal* 814 
cocbicarj. 1:294 
meUiie, 797 

bjanchn* 796 to 8oi 
lievel^merLi, 171 
peculiaridrs, 800 
colic* lefip 

applied anatamy, 
804 

middle, fki| 
fight. ^3 
■ignmid. 803 

CMllaieral, inicttuAtal* 794 
radid}, 781 
uJnar^ 

inferior, 781 
superior, 781 

comiiai^a neni iaebiadid. 
173* «M 

caminunlcatinis, of brain, 
anterior, 7^9 
posteHof, r^Qp 7fio 
of petonoalp 833 
of posterior tibimt, 833 
cr^ronAiy* 730 

applied anatomy, 731 
nerve-au^pty* 733 
peruliaritiei^ 730 
cortical, of brain, 749. 7*0* 
7 ftt. 7*1,77® 

CtrttOcerviciiJ trunk, 774 
Cremasteric, S05. 817 
cricoihyroiiip 740 
eyatie^ 799. M** 
deep, uf pefluli, 813 
deltoid, of rhowo-acro- 
miB],777 

dentoJ. AW A+. ilveoUr 
digital, development, 172 
dDnnl, of bngCTRp 78G 
i>f toes, 830., 831 
palmar* 791 
plantar^ 834 
doraalm clitoridia, 813 
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Art«rtes^ Nametl (cawf.) 
dCFr&alifi Eingiift, 741 
pedis, i 73 h Siij 
branch^, Sjd 

HiuiiQiny, fijd 
p«Jibi» Sia, S [3 
df ductufi dtifere-n*. JioS, Hog 
epigBstrid, LnTdriOfp H16 
applied aiuttomyf S17 
de^-cbp{n«Tit, f7i 
rrlntion, tt> abnarmaJ 
nbmtBicir,^f 1,817 
tohicpiB^8i7p 144c? 
nupcriieLBb fijj 
^fuperior, 773 
devriDpmynt, i7i 
FthmaiiinI, 758 
facial^ 74^ 

anasldmosen. 745 
bmnehea, 744, 745 
ttaliiiwfSc, 747 
frmDra], 817 

applied muituniy, 821 
hronchcii, Sii 
ddUnEataJ >cin;uktiDn, 
de^'clopmeni, 173 
ncTVE-Bupply, 121^ 
prcialiarLtwa, 8^1 
surface nnatiimy, 820 
libulur, ciitrumllex, 8:^1 
fnMiial. Ai, supra^ 

ttodhlfcar 

of apterior ccrebruf* 751^ 
of midiilc ccfcbrai 760 
of luperfinAl tciPfrt>olT 

f^nKlionEEt of middle 

nicnini;[?iil, 748 
^aslric^ 797 

aoccnarib', 
development, 171 
797 

dciiYlcpmtrnT, 17^ 
»hcirt^8oo 

f^trtidu?c>dciial+ 747 
RBsiro-cpipIcic^ 7^*1 ^00 
AtusionwiA, Soa 
licvclopmcni, 171 
iefr, Soo 

I2cpicubir> 8M:^ ®27 
jjkmtcrular, of tidiwy, 1479 
^lulcfll, ifiicriort 813 
bralicbe), 814 
development, 173 
rcirition, lo Mcnel 

plexus, I t 8 o 

Hurffice anatomy, Si 3 
superior^ 8l 5 

relation, to Kicrid 

pkxuA, 1 t^to 
flurfocc 816 

haeiTK>rrh 4 >idal. A. 

reCliLl 

hclicinc^ of penis, 1504 
liepaiic^ 707 

devclopmeni; 17 * 
difttributitin, 1463 k 14^5 
pentDocfll relanons, 
1401* i 4 ° 7 w 
in portal camK 1465 
acoesHsr)", left and nKht, 
800, 801 

hyaloid, ^^30 
development, 146, I48 
byoid, i6S 

biypoj^astric. St 4 A*, lliac^ 

mtemat ■ 


Anerioftt Named j 

hypuKaStric, oblltctvted. 

Sff umbilical ^ 
hypopbv'Bciil, 757 
ileal, ftoiik ^3 
ileocolk., So 5 
iliac, rirtumllcjc 
deep, 817 
BUpfLidieial, 831 
lliac^ caminqn, S07 

bntndici, 807, SoS, 816 
collaletol ciicuiflticin, 
817 

dirvieiopiiientp 171, 173 
surface anatomy, 808 
exientai, 816 
branches, 816 
callatera L d^rcillritkm ^ 
8*7 

de'vclopmenl, 172 
surface anatomyk S16 
idlemal, 808 
bnuicbn, 808 Tn 
collateml ciiclihirion, 

ffJfEfltp S08 
of Oioluinbiir 814 
of obtumtoT, 8 TI 
ilinlumbar^ S14 

incisor 740 
inirmbyoidp 740 
iEiiraoibiialt 16^ 750 
infrascftpuler^ 777 
innominate- Sfe A^, fera- 
chloccptmLld 
ifitercosiatp anicrior, 77 it 
77 i 

pcatenart 7 o 3 

brunches* 70J* 7^14 
drvckipmeiic, 171 
supcHort 774 

supreme, 171 

inierlobar i^f kidney, 1479 
inicrkibular, of kidney, 1479 
idtrmascouft anierior, 788 
dei'ctopmetili, 172 
cuinmon, 788 
pcculuuitiut 770 
ptisccTtor, 788 
development* 17a 
rccuirmip 789 
intcraeffmeDtit, of frelUS, 

155. ^73 

iiitetvcniriculnr, 7J0 
Tcjutudt 803* 1431 
bbiaJ, of face^ inferkhrt 745 
Bupenor, 745 
of vulva, 813, S31 
lib^nthinc, 769, 1194 
liuiTiniiil, 169, 757 

lajynKnal, itlfEtiOTp 774 
auperior. 740 
lin^U4t prcitundfl, 741 
XLngiuit, 740 
of mferior dental» 749 
ImRuofada}, 745 
Siibar, of iddney, 1479 
lutnL'xdi^ ima, 807 
lumbnr* 806 

development, I7i 
of iiialumbar. Hi 4 
macular, 1347 
maiteokri Ifltcralt anietiatp 
839 

nvedial, anterior, 839 
of petsteeior tibial, 833 
mammary, cxt«Tiid„ 777 
of inKCCOfltalsi 704 


1551 

ArieHcSp Named (ojnf.l 
miimniar!., incemal Sfv^A^ 
tfaoriicic 
emndibular, 169 
maf^njtl, of colon, S04 
of Tight coronaryi 73^ 
mBBBeteric, 7 JO 
mastoid^ 745 
ncuudllaiTi f +7 

bnmdtcs, 74®, 749 p 7 S& 
development, i 6 g 
mamJibukr ptirtion, 

748 

pterygoid portion, 749 

ptt^gopfllaline por¬ 
tion, 750 
median, 788 

dcvcIopTnenr, 173 
medbistinol^ of aorta, 793 
of intemal rhoi^cic:* 771 
medullary, of brain, 763 
pf vcxtcbniL, 7119 
mcnjngcal, acce^ryi 74S 
of ascending phaiynjstailp 
740 

of intcTfui] carobdi 757 
of taoiiiialp 757 
middle, 748 
applied aimlocny, 748 
development, 
groove for, 291 
injufT, 74* 

in iniddic cmnifll fosu^ 

surface anatomy^ 74 ^ 
pf occpiuil, 746 
of etphthah^c, 759 
recurmntp 757 
of iscrtebnl,. 768 

nitniuJ* 749 

mesenlerici* Inferiorp 8oj 
applied anatamyi 804 
branchCBj l$03 
dci'clnpineni, fjl 
surface anatomy, 80J 
iupetioFf 801 

branches, 805, 8*3 
devnclopmcni, 17^ 
furface anatomy, Sitoj 

mentciirpal* donuh 786 
palmar, 786 
TuctatarDkl, dorsal, 830 
firat, HjQ' 
plantar* K34 
Eim* 839 

imiBcidiiphrenic* 773, Sob 
mylohv'oid, 749 
nasal, durealj 757, 759 
lateral 745 ^ 7 S^ 

SCpMl, 745 . . 
of 4phcnopaknnv% 750 
nu Itientp of lione, ^3 
dlfTCtton of, 30 
of fcimir, S24 
of fibula, 833 
of hip-bime^ 81 4 k 81s 
ofbiJj^rus, 781 
qf radiuA, 788 
nf tibb, S33 
of ulna, 78H 
obturalor^ 8 in 
peculiatili^, 8lt 
Dedpitai, 74S 

(vcculiaritieSk 739 
of posterior ay ricTWp 746 
of postenor cercbnl 770 
cBiopbajTcal of Bonap 793 
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Arteries, Njuned ! 

crwpksdgest, (if imermf j 

thyroid, 77i \ 

ti( Jeft ifMitrie, 707 
of phrenic, S06 

of uasms-epiptoic^ 
798, 800 
Dphih»lmtc,757 
btiinche«, 757 

dcvebpmcnr. 

arbital. of uiitrior ecrcbml, 

7 S 9 ^^ 

of iniruirortiil, 750 
of middle ocrebrdl, 760 
of middk mcntnjftflJ, 748 

devclopmciit, 171. 
pdJAlilie, iBcendiiiK, 7^ 
gtriiter (descEfidirMt), 
750 

tesscr, 750 

of Aaci:ndili$j; pharyn- 
R«J, 740 

paJmsT Bxch, deep, 7^4+ 
yKA 

turficc anuiBoiny, 786 
^kiperAcUl, 7^4- 7^i 
applied aiiJitniny* 791 
dcTielopnicnt, 173 
nidAce BMtofnyt 79 > 
palpcbndp Ittml-, 7^7 
medial, 7S9 

papcrcatk, of vplenie, 7gr9 
pancmtico^illUKJeiUil. 

B02 

dcvctopmcntf 171- 
piiridtal, of anierior etfK- 
bffll, 759 

of iniddle cerebml, 7^0 
of itiperficial tempond, 
T47 

P^'clrlml^ of Lhotdco-ocTo- 

miaJ, 777 

prrfojmtii^, of foot, £^o, 

of hind, 786 
of intrrtlii thorick, 77a 
of perQDcaL 
of thilfih, 821, K21. Sz4 
pcrksrdieeophrmir, 770, 
806 

pchcurdtalfc of m&tm, 704. 
of^tcmil thoTHciCp 7(14, 

7 i^ 

permcoh ininfr^f ne, Eia 
perotiea], 831 
hrizbchci, S^a 
dcvclnrpnictit, 174 
pecutiiTitin, 83a 
perforntiriR brinoh^^js 
pcrroiial, aupcHaciil. 74^^ 
pharvnRHi], iwndinirp 740 
bnnehei, 740 
of muilliryp 750 
vcnToalp I bo 
phrenic finferiot), 8of» 
drvekppmcHEp 171 

of iorlil, 793 
plantAT, ardhr 834 

aurficc ftfUitaiTiy, 8.14 
Ticcrab 834 

rnrfice itiMiPniyi S34 
mediilp 833 

iuiifloc itiiiKooiy^ 834 
poncinCp 
pofallteiil* £25 
bfxnchii. £4b 


Arteries, Named (cwfi.) 
poplileaJ deeolDpmenit 

172, 173 

ru^face anility, h:io 
prin^ep^ pollieU, 78b 
profunda bmchii, 780, 7^1 
cervicU, 77+ 

de^'clopmeni, 171 
fduoria^ 8a i 
bnmehea. Baa 
pcouliariEieS, 8a I 
Jinaua?, 74t 
proi^taikp 8*9 
pterygoid, 750 
of intenuik csmtid, 737 
of pierygoid comJ, 7SO 
pubkr, of inferior epiffftaijic, 
817 

of obnijuter, 811 
piidcjidaif ale main deep, 

^zi 

jjupejlidd.tp 321 

Infeinal, 8 tz, S13 
a^xwoiy, 813 
pulmonary, left, 729 
rights 7^8 
in lungs, 1341 
trunk, 728 

appli^ anatcHny, 729 
brAricb», 7^8 
dri'clopmcnt, nfi, 169 
ofilke^ 710 
surface oneleniy, 71b 
radial, 782 
branches, 784 
coUuilcriil circulation^, 791 
(Iflvclfipfncnt^ 172 
in hand, 784 

Mculiaiibcs, 779,784 
radiabr indicin, 78b 
reCtaJ^ inferior, 8ta^ (448 
of infcTioT RlutraJ, 814 
middle^ 809,1448 
peei|li 4 Hli«T ill 4 
auperioT, 893, 804, 1443, 
* 4^8 

applied aiuiiofiiy, 804 
in iigmoid mesorolun^ 

14t4 

recurrem, iliE.ero4aHiiUs,739 
of pabimr Dreh, 786 
radial, 7S4 
tihbil^ anterior, 
posterior, 819 
nlnnr, anierior, 788 
^Kctiipr, 788 
renal, 804 

devrlupinrnl, 171+ 208 
in hilum of Icidjiey, 
M71 p * 47^ 

Jji Icidney auhitartaCj 
1478 to 1480 
lurface ar^aicmy, 805 
Aoewory^ 805, 8&K+ 1478 
arciMie, 1479 
inierloW, 1479 
mterkihillar, (479 
left, S«3 
lohar^ 1479 
right, 805 

retina* centntiU^ 757, 1095, 

1247 

Tetfodmxltnal, 1467 
sacral, laletal, 8tf 
median (middle)^ 807 
sjphcnoua, 825 
Kspular, djT3Jinlb!C, 777 
J dcBcendinM, 774 


ArtfiKes, Named (rflfli-) 
acroial, 3 r 2 ^ JJ 91 
Mptati of near, 74s, 750 
ligmoid, 803 
somaiic, J 7 t 
rphenopaktinoT 75 "=* 
spinal, aiiEerior, 7^19 
of Affoending ccrykali 
77 ^ 

of deep cci^^kah 774 
det'eInpmefU, J7« 
of ilkpfucnbar, 814 
posterior, jbH 
of vertebra], 768 
Aplanchfiicjaecrat, 171 
peniaieno:, Sob 
^tnitnil, 171 
aplcnic, 790 
branches, 799, 8w 
m spleen, 1544, 1345 
smpodial, 153^ s68, 169, 

IJ79 

Memal, 771 

SEemoniasiuid, of oceipatal, 

74S 

of superior ibynoid, 740 
striate, medtal^ 76a 

klermi, 7Eio, 1032 
stylomastoid, 74b, 1294 
iubclavjan, 7^3 
bra/iehes, 767 
nollatentl cbrCUliUiOP, 
773 irr+ 

development, 118,169^ 

ncn^-aupply^ 1209, 

1210 

ptCkdiarmca^ 733, 765, 
794 

surface aniEomy] 7^3 
first part, left, 76^3 
first part,, right, 763 
second part, 7^4 
third part, T&i 
Aubcopidl, 794 
diei~e^lop[nent, 171 

sublmgunL 741 

submentaJ^ 744 
subscapnbr^ 777 
pceuUariticaT 778 
snprahyoid, 74 c 
aupraorbiial, tf»9, 73S 
aupraretiaf, Soj, 
development, 171 
inferior, 805 
iniddle, 805 
superior. Sob 

uipmKnjnilar, 479, 480, 

484,485* 773 

pettilmnties, Tyjp 774 

supraatcrnali 773 

tupratrodtlear, of atm, 781 
K«4 i 1, 7S7* 759 
fiurw, 827 
raruj, 830 

icmporal, d«p, 749 
middle, 747 
nf m idille Cctebralf 
7^ 

of middle meningcitl, 

74S 

of posterior cerebriif, 

77 V 

Superfidalt 74b 
applied anatomy, 747 
in parotid gland, rjyi 
Burfacc anatomy, 74b 
tc&licubif^ 805 
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Aii^tits, Named {w*r.) I 
iHlicular i!ev«lApnicnt, | 
rT^l^Koi, &ot 
m fCEiii, Hoj 
tliomdi:, ^lar^ 778 
internal, 77* 
brandies 770. 77 ^^ 
7 Tt 

dEvtlnpinent, 171 
];wcnliantic^^ 73^ 
surface ajutomy, 77P I 
latcTll!, 777 I 

■ijncni>r^uprcfnel:^777 
ibaiacch-ncitmiial, 777 
thymiCr 735 
ihymid, InTrriorf 77^: 

applied miiiti3my„ 1550 
bmeheft, 773 t 773 
ncfvr-plexLiJt, 1^09 
peculiarities, 73:4^ 73^ 
super inr^ 7 

bEtinchcs^ 731), 740 
l^ulbiritin, 73*> 
Thyrtjitica inm, 735 
libidJf anleriorp b^S 
bnmchkTSi, ^29 
dc^'El^mccir, j 73 

peculutritHA, B19 

carfpcc Anfktqmyp bip 
pOAterior, 
bninrim, 
devciapnirrki, xypi 
tiurfi)^ EuiLit^imv, 87% 

tunsUlar^ 740, 74 ^ 744i 

i}8« 

tracheal, 77s 
tuboil, cf nvariaflf 
of ulefilie, 8ie 
tympaiijc, 1279 
lintcrioT, 748 
infi^ntir, 74* 
pi^slerior, 74^^ 

Eupcri^r, 748 
uinnr, 786 

Applied andltnny« ?9i 
brnnchH, 7H8 
oollaterd drculmipn^ 
79J 

dcncEcipmcnt, 171 
pcculbriticf, 779, 7^7 

Audacc amtumyk 787 

4«p bcandh^ 791 
uJfuir collatermt, 781 _ 
umbiLical^ 743, 

Hi births 7Jt, 8^ 

devetopmenE, I7< 
of embrj'Oj 154 - 
Nbllicmrioii^ KoS 
rebtiOP, to pcriEOflCUfnH 

1404 

TudimcniHEy', M 
UKteric, idf tnfcriqr vncsical, 
8*9 

of ot-rtlicnt 

of ALi|)erior v'eaical, 8*8^ 

899 

of tnucular, H05 
ureiUml, Bia 
uterine, 809^ 

rdatiofi, t* UJetor, 1481 
VAf^innl, 6[a 
vi^ebiitlr 767 
bnuichcs, 7^8 
cotlHtcnil dreubEion, ybi 
de^'clapmenL 171 
ntE^'t-plcitiAN 1^*0 
pcculbrhicH, 733 
veaicfll, mfcrior+ S09 


tsss 


Artcriefi Kamed (rqfft.) 
vetEcaU flujperinr, SoH 
of iiifimur i^luical, 814 
Qtf obiurfltor, 

zyijocnntk, of lacriiml, 757 
q| superficial itmpond, 

747 

jVneriolc*, 69<i 

simil^ht of Itidncyh, 1479 
ATlic:ulJtiuilA,^p, 

Ari'icnoid nutiLise, hVf 
13*8 

SwuUirn;^, l8d, 200 
Ascites, ^7% 145^ 
cbylom^ 8Ji4 
Asset pbau, 5 
AslcHon. 310, 3 S3 
** Aatbctiic^ *399 
Aittn^lc, IIS 
AinKii^ i>5, 984 
Athetosis^ 1067, iob8 
AiUs vertebra, 234 
dcvelupmeilT^ 105 
liiilocationp +71 
jH:>inU, 4^h 470 

outlicalioPr 
surface armlomyt ^33 
irziia:^-cr4e process, 333 
Alrpia pupdlBc, 14ft 
Ain'o^'CtitriiCiullar Dundlc, 37, 
167, -io 

Broove, Sulcu*, com- 
nary 

node, tb7p 72.0 
valvw^ Valve* 

Alrium of beart, 69-b 7*7» 
71-4 

developEnrot, 154,160, 
161 

nerves, 722, 733, urs 
feptum, 7*7. 
structural 719 
left. 713 
riKht, 707 
of EufiR^r i34* 
of middle meotus, 34s* i2±3 
Airopby, neoccrebcllar^ 9K3 
of tnuides, 93^ 

optrcp 1005. 

tnuismeuronAl, 916^ 1D07 
Atutchmclits of niiiscl«+ ^4(1, 
547 

Auricle, of amum, left, 7*2, 

rtjfht, 7*7 
devclopEiient* 161 
cf cer^ 1 1^74 
abscnecp 127* 
arteries, tafib 
cartibACt 1265 
drv'elupinctiE, 133. 22Z 
lii^tncnis, 1263 
hTfiph dminflRe, 885, S8h 
tnuMuld, 110, 
nejvc+ 

MtTUCturCp 1265 
^upemumetary', 1270 
Aututiomic nerroiii sysreriv 
144. “97 
AuEDfiomei, 65 
AidLlo^ 77+ 
ijppbed BCiiiiiitn>% 775 
lymph nodes, Itoi, 

Axilbry mil.of bfeasi, 1523 
Axb of leni, 1249 
optic, t2]b 
of pelvic, 405 
Ansi voriebra, 233 


Aiis vertebm {Y<piff4 
dcEw 233i 33+ 
devcloprnent, 250 
ioints, 4b«, 4*9i 47* 
tk^ilkuiion, 250 
Aiia-cylifider proms. ^ 
Axon 

Aitm, 37 , J»* 4 «, 4 ». 915 . 9*6 

colbtrralsi 41, 9IS+ 9*" 
cone of oriKi^i 4* 
dcpfenoralion, 43, 916 
of ruirkinjc cdhi 979^ 
lurctian, dTectii of* 91 
□f ayinpalbetic celb, 12*3* 

1204 

.AXOplltHTTI, 4X 

Back, S7S 

musclrt, 575 

nerves, II47 

RaU^and^soizkel jtdflt^ 4^5 
RamJi of BaiEbrt;er, SoneTi 
1036+ 1*37^ 

4»uier, injb* 1*37. 
Hun^^-r'a, 43 
duijE**ulp *f BEtkCH, lojs 
furrouedi uf ccfebcllunii 

975 

niEKleffltcir, yti, 720 
tkiTt co^iOTranFivcrsc. 23 tp 131 
of cervical ass 

pericKnibl^ 76, 8iJ 
HaroceptoTs^ 923 
Burlier, pbcenial, 100 
Base, uf bbdderi 1484 
orbtnin, to?3 
of Iran* 704, 705 
of limp, 1335 
of sIcuU, extertial, 2S2 
ititemalf 391 
of lonRucp 1374 
Hascment-mcmbtune, 71 18 
Bed of ■tomiicbt 1407, 1417 
Bellini, ducts of, 1478 
Betip cdU of* 1037+ **+t 
BiLe-eapEl]arj«i. St* Canali- 
culusp bilbry 
Bib duct. Str Duet,, bile 
BbJdisT, avJl. Stt GaU bbd' 

der 

BladdoTp urinary^ 1482 
4^ chaiu^es, i486 
applied ^Atemy, 1489 
urtcLricSr 1488 

Cj-*toiM!Qpy+ 1489 

dei'eh^procnt, 194, ztb, 217 
divenkuta, 1489 
extn>%'er«ion, 221 
in itiE'Biit, 1486 
interTorf 1487 
lifpLnuinlE. 148^ 
lyrnphfltic dmiflige, 906 
rtervoi, 122*, i+8g 
ptuLijon, 1484 
jphinctm, 1488 
vtpjcture, 1487 
tiiponc, 1487 

dci-elopnieni, 217 
venUp 868, 1488 
llbtloccHlep 68, 79 
Bliufoct'it. 68^ 221 
BldAtwiere, 66 
Bluitdpore, 5S- 79 
Blood, 44 

AHuliiditnf;cli+ 40 
circubtiou, 694 
fcttttl, 723 
cWtttnif of, 48 
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Blood ironi.) 

Corpiucin> 4S 

colouTli!s&t 4St 46 
dcvckkpfnmt in embryo, 

51, «6, 

fontiaTion, in uduln 50 lo 

fMi 45 
wbitr, 45 
Urmipa, 4« 
lAlumdiT 15J 
(ibti^kt-'L, 45 K 47 

factor nf, 4i;i 
vtv^lfp ^104 
structure, 

BODY, BODl^^ 
jnny^aluidj l&3t, 10^3 
mny laid, of pioatotr, 
4 noooccyRcai-^W LigamL'nt, 
Buiacoccyicciil 

iHiiiitf, 1534 
dcvirlopnicnT, 145 

(Sit>Ucl. 7 J 7 t 1533 

dc^TJopmctit, ti7t tSJ4 
nerve auppli'k lilS, IIJ3 
JitrmtUtie, i^Jl 

chranwtHti, 145, >53^^ 1533 
ciliary, 134a 

dcvtinpmcnl, 147. 
ooceyKeal, 1534 
corticiil, J534 
tjeniculatCp 10 
diFvcIcrpiiietiT, I 36 k 
bternL 1 m6p 1007, t 4 l 7 
brniiruLtiDTip IOO7 
rncdial, iOo6 
of cducbrt mjclcua, 1065 
offorriK, 1036 
of a 

jmiDrcatifomiK 0611 
MalpiRhinn, of kidney, J476 
of apiten, 1545 
nutmilbry, looij, 10 xo 
origin of. * 37 . wS 
40* 916 

pitra-Bortic^ 1533 
p^mncphric, >475 
pednvaj, 605^ 14+3^ 

1540 

m fonalcp 605, 1 jza 
in pttrturit^^^cl, 605 
ih milcp 6ot^ 
miufiHic Dnatolnyp 
pincmJ, oSg, iDoS 

dcvcl^ipmcnt, IJ7* i009 
[rik‘f 3 lonnn.| 177, fOOg 

hmnn1n*r>‘, ipq<^ 

»ixucciirc, lOQQ 

piiUitary. JtVr Hyppphyiis 
cerebri 
rHihr, jg 

ponto^ltmr^ g6i^ v6S 
Eiaffuea of, 6 
tyrnpanie, 
ukimabranchialK 
nf ^-erfebra;, IsS* 

deVtInjinirntK 1&3 EO 103, 
J 40 

virreuuiK >4^1 1240 
Wolffian.^SifT McsoiH^ibrn 
JJotiy cavitic^K dc^'eJftpineiif, 
2t?r 

FkKiy-tlalk* 7r, Sian 87 p 

Bailc, Z2 

abvorpriunK ij, jo 
applied anatmilry, 30 
nrenlit efr 

blood^veasaK ^3 


BonCp 

CuiialieiJlj, 33, 
cclld^ 

chcmicul conipuAition, 25 
compact^ 21 ^. ±.16 
ilcpQihjckiv 
dc^tkipmenr, ab 
funoikiM, 3^6 
gnwxhK a6, 27, 30 
iMDunttr. 33 p 34^ 36 
Lomcllzp 33 » £4 
tymphlHTic yesseta, 3 J 
markiELfrir 338 
nerves, 23 
et^iUcddofiK 3 b 
rrtrMidolling ol, 3 ^ 7 . 3^ 
tponpyp 32 p 236 
amjjctuic, s, 23p 24, JS 
BnneHniirmw. 23^ 5.0^ 47^ 22b 
BopCSp cavering. xo8i 

crunbl, 311 
dertnaJK lOtt 

dcftcripdvc rtfwu, 22lj, 33S 
fbr, 23 ^ 
irTCguliLr4. 228 
long, ±26 

pncumatiCp zl6p zl£ 
fider'i, 66 j 
ncMiniOtd, 44J> 

(iiorr. 53 b 

Boaes^ jmtlvidiuiJ. undn 
iTiiHt'iffjml mffftiM 
Border^ poac^uiril, of hrwtt 
btnb, 121, ]|i)b 
of uppEr limbp 12 tp H'Ol 
pre-iixiAl, of lower licibp 
Uqb 

of upper Junb, 131* noj 
Bouiona lemitisaLuc, gib 

Buw, hypodinrdiLlp 105 
BmebJum infcdori 995 
auperion 980 

Bmifih Sft ifijro Ccrcbmm, 

applEEii Endioiny, loyOp 
J078 

aTtcrira. 735 to 762, 769, 
77 * 

dcvelopnurnl, 77* 129 to 143 
fpowthp 143, 1070 
mcnibnnet. tnenmge« 
rttytliiutii'vn, 14^ r*S2, 

J0710 
aictti, 917 

EctenHpluLli&ancin, zozi 
vciniK ^ 4 ^ 
wlume, 143 
■wf-igh^K 1070 

Brwai^ii^ orcbf»p 108^ 321 
ckftVp 109 
cyiEa, ti7 
fbiuln. tt7 

Sf^ flfio ArclLp CJefI, VlR- 
cemJ 

Brennt. St« GLzjid, Mam- 
mary 
3 b 9 , 319 

Briin of pelvu. Itiln^ of 
pcJvw 

Btoco, arm of* 102 J 
DrodcF* iincp 14^0 
Eliymcbiulca ^ ^J4* 
BRONCHUS* BBONCill, 
< 3 ^ 1 !. 19=3. 1923 
»nvn^ 735. 793. 794* t342 
fTr^^elupmcnt, 203 
divuLk^, 1321* 1322* 1^333, 
<339 


Bronchuifcp Eron^i 

tr32* ii3Sp 1200^ 
izi 6 

radiology'! >34^ 
KiruccurcK 13^4 
stiifuEc Biiniomy, 1325 
' vrktB , SbOp 863 p 1342 

Brudi border. 13 

Buds, limb. i20p ^2:z^ lo 
119 b 

long, 233 p Z 31 

lA&tCp J223, 1317 
Bulb or Bid^us^ 
ot BQTto, 729 
cordk, f 34, 162 
019, 936 

of eye. Sft Eyeball 
of hnir, 124, 1333^ tjOT 
of jugukr vcinp mtcTTuilp 
S41, 1271 

of Utcfid ventriclif, 1055 
olfActory, iojOk lo] 1 p 13501 
^ 1093 

drEvclDprnicntH 1^)9 

Elmcturep Lo^O 
of penis, bott, 1301 
artery, Ssz 
devtUpinenrK 

of poftlcrior hoTTi, lOSSi 

1*57 

of Vagina, 213 
of vestibule, 1^22 
DuIIa ethmoif^lu, joi, 303* 
3Ji3, 122S 
Bundlp, Bundles. 

Fasciculus. Btid Tract 
ATn'ovcntiiculLirp 37p 167* 

723 

applicil anaEoniy* 722 
iiructure* 37 
ciliaiy* 5^3 
circiminllvary^ 963 
forebraEn, mediolp 13 H 
Icmgitudlniilp mcdinl, 94f p 
05 S.i) 67 . 969 p 992 ,tl 94 
connrtr^ions, q94d 9115; 
with cochlear nuclei* 
1126 

with veatibutnr nydei, 
1143 

punetionSp 994^ 995 
in medullu oblangala, 
95 S' 0^1 

tl 3 mid-bnin, 992, 994, 
995 

En pona, 965, 967,9fn| 
oii-iiJ« of hind-brain, 144 
of spintfl medulla, 127 
Buj**, infracanJiacu. 196,1393 
omeiiUilie* 1400, 14051 

1406, 1407 

aditiu, 196, i4», 1495 
dcvcIopmetiiiK 189^ 196, 

avariai, 1^09 

phnryngcuL 13S2 
synovial* 454. 55 * 
of DCTumbn, 483 
uf bicepD brachii* 6u* 
ba 3 

fefjiorii. 326 

tii goMUocncmiuft, 526* 

517 

glutenfeinqrat, 663 
of hyoid, IJOS 
infRtpoicILejT, deep, 526. 

b 5 « 

tub^tiuiemii, $16 
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synovial of iitfras^>Li 34 l ya, 
48s, (isi 
kchi&l, b6j 

RriHintl kllM-jwiit4 ^ 2 ^^ 
537 

4ipplLcd BHoti^m^'p 531^ 
ctf btwMtmi* dortip fuj^ 

' 611 

of ubiunitcif jniemitfp 
Wj 9 

cxtcmiui, 670 
i)f olfcr»nor^ 
of $ 2 ^ 

prrpQKibtr, 5^6, 530 
af pBoaft mujofp &S2- 

of ^lladIatli« Inncira^ 
frjo 

ofjummiemHranoiiii, ^27, 

S 30 

imaimd shfluldfir-joEiilp 

«ub«crQiTual, 485 

lubir^pularp ^Sp &?o 
■upripBTclEttffc 
of irtidjj Hialcjn<^ysp £17^ 
of |cr(» iRjljorp ^13+ ^31 
of tr^pcidu^, 3^1 
tr«hinteno, £163, ^5 
Buttock p amntiSp lji3p ^1 |E 
tyinph VcMWjI^ Sqf&p 8<jSp 
4 >o 6 

ucri'c^* ii4ih ^^7^1 
tr 83 

voiiu, 8f>7p S68 


CscufP* J433 

MUOtnjalicft^ ]q 6, t 4 !M 
IJtcnea, 8^3 
dcvcilopinsnl. tHjO 
f;rowth, ^434 
i^TopK dfaifUf^c, ^3 
pcriturM:^ 1412 

sinjcturcr ^ 44 ^ 

niitfikci^ itnutotiiyp 1433 
Culcdticius, 433, 437 
hufno1o}pjc« 443 
O^uilftcatiQiBp 44fi 

Catcarpyia, 1030* 1057 
development, J43 
femornte, 418, 4^9 
C'dvariii^ 364 
Calyeei, renal, 147+ 
de^'dopiTiCTit, 107 
Calyctdi, |tuatator>\ 12^3 
Set eilM TasIC'btllis 
Cana] 

udduotor^ 818^ £19 
ttlimcTitnry. Sft Tube, 
difitstive 
idlantok, 85, 2ia 
alveolkfp 341. 343 
anaJ, 1442 

aTtcrics., 8s2p 144S, i+4S 
dev'clopmcnU 191, 1442, 
(445 

v«m1^, S96* IJP3, I 
1,104 ' 

niuctiU^ mcfubranct 1+43 
nmw, ii 30 p i 445 t I 44 l^ 

vciiu, 868 , t 44 fi+ 1445 
aliifttp 15 $* 158, 160 

for studitary tube, 355 
camlid^ 286, 324 

feLaliurip m I^TnpafiiiC Ctl- 

^in* t 27 S 


Cflfut (f SNtf-^ 

centra], of coehltap n >5 
of medutla oblonjiaJB, 94S 
of ftpitial Tncdu]lii+ 933 
ile^^Jopfiitnt, 126, 127 
cervicflJp of utertu^p 1515 
comjylcLT,. 289^ 2y^. 3*4 
condvlArp anieriof. 

CaruUr bypoKlossfll 
eniftiophiirvnueAl, lOB^ 186, 
319 

dental r of majttliiiH. 34 ^h 343 
<it tpidkliTnia, t4^j2, 1496 
development, 207 
ctboioldill, anlcriot, 275, 
291* 331. 334 
poatenur, 275 . ^03 n 33 Ep 
334 

fjcialT ^ 9 ^ 

drVe1V>pmcntp tjl 
fttcjnl nerve in, ttJ7 
in Lniemtil acquatie taea- 
ina, 29^ 

reiAt3cuii| to TfTnpiiuie 

cavity > 1273 
fi^nnil, 81R 

rele[jk^n+ |a hemiti^ 1450 
jfaitrk* 1419 

fia^^rsuin, 13 j 

h>‘alotd+ 148. 134^ I 

hypi^^lassal, 289, I 

297*3^9^^313 j 

irtciaivcp ' 

of nuuidiblCp 305 I 

of inaxilbp 03 ^ 283^ lOO,; 

3+5 

itifmorbitWi 273h 34 34^- 


344 

loifuJlULLp >601 
cnnfrni 4 p 14W 
felotiEm, to l^ernid, 1449, 
1450 

furfaoe ■natotnyr 
itLundibubrh 3^5 
mentoJp ^^05 

iwoljiGnTmiil* 273+ 27+i 343 
fomiatkin^ 504 » 303 
fiepbft*rtDinc+ 204 
iieurentCTic^ 74. 79 
of Xodt, 216 

npUcp 373 , - 74 . = 4 W. 

:= 95 t 313. 317 

pikimep Kt^trf, 282, 343 t 
549 , ii'f* 

palotinaviigyiiilr 282. 187, 
31K. 35 Dp S107 ^ 
pericordia-petilofiefll, 103 
pbojryni^b JSof C., palii- 
iinovdS^inal 

for pbar^^MOfy^rapimic lobt, 
fnr auditors tube 
plcuroficticordlql^ io3p 
pktiin-pEttioneal. 201 
pqrtnl. 1463 to 1465 
ptrrjijfcpid^ 282, 287. 29(1, 
'31N 

pudendaL 601^812 
pry tone, 1416 

nervc-Jypply* 1132 
icunicfi^. Sff D11CIUS, 
reunienv 
Mcra), = 44 r ^ 4 * 
Kcmidrcular, 1281, 12S2 
InieniU 

telHikNii to tympanic 
adicua, 1373 
po^ncriatp 1281 
aupchor, iflSp 324, 1281 


Quuil (mFff.) 

■pinal, of inodioSim, 
aubaortorlal, 6^7* 8 a8i 819 
for tensnt tympfifll, 324, 
335, 1271, 1275 
ulerovaM^nnJp 20tJ 
venebtil, 353 
\ufncrdvfljiiiiftl, 387, J39 
Cazialiculua, Mliar>v J464 
of bone* 23, 26 
for chofila tympani, an- 
lenoT, 288, 322t 1118* 
1272^ 12S0 

poKterbirp 1118, 1271» 

laSo 

cocblcaTp 200, 298, 324 
dental, 1364 
innominatu^ 316, 128a 
lacnmelp 12581 tiU% 
development,^ 149 
riuatoidp ^Bo, 390, 324, 

T (33 

for tympanic nerve, ii)o, 
324, 1128 

Qmeli^ «iniioiuvp 342 
Cap^ metanepbroitmit, mt 
nucleiirp 6^? 

Capillaries, btood^ ^^97 
diameter, 6<>7 
intcrtubulur, of kidmcy, 
1479 

pulmonery* 134^ 
bile. Set Ciimliculiis, bi- 
liajy 

lymph p 180 

Capitaie iMrie, j8t, 386 

|iofpDloffy« 44J 
oBsifkatii^, 391 
Capitulum of h^iIne^H^ j6£i, 

. . 

Capsule, articular, 450, 454 ^ 
Set ain* 
cupfiulnr 

BUi!jtor>% 108, tchjip (5t 
diomJfification, 108,1*9. 

cxiemal I of ctrebmniH 1 ofjfi* 

1 0^39 

Rfommikri 21 j, 1477 
heparo-biliarvi 1463* M64 
internal, of cerchmm, 
1D02, E063, zuyj 
anerics^ 760^ 761 
det^hipmem, ij6 
fibre* in, ici 63 i 10^4 
of Itsdlic}^ 1474 
oflcnsp 1249 
of tjTnpli node, W70 
iwiab luRt 333 . 

nudeaicd, of Riinrtlion^db, 
JO^t 

ode, 151. Sit ir/to C., 
uudilor>' 
of pnmtaSC, (5^5. 

Ofaplecti, 1543 
of lb>miu» L539 
of tbymid {(landp 566^ t §29 
of ton*iU 13^^* (385. 
vxicylkr, of Icnn, 14* 
CarpuAf 3811 384 . 

comparison, ^ilh tattUJp 
■ 447 . 

hontolPi|[ies; 443 
joinia, 499 (n 5b t 
snjrfdce anatoni>% 3^4 
CARTILAGE, CARTI¬ 
LAGES, ]g 
eTticular. 2q, 4^3 
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Curtitofc, CArtllii^ea 

culcificiLrLon, 21 
0^i]ul4f, 30 

chemical cfumpcnition, 20 
elistic fibfOv 30 , 33 
cpjph>'snitp 27 
fibro-, ^vhirep 20^ 21 
lihrcHp vcIIdiA, 34 , 11 
h^'llLnc, 2 A, 453 
nytriti-fin of, iq» Ji* 4 S 3 

pcmuflfnt, jq 
lenifH>rar>% 19 
of ACijuviie meatus, iib7 
dryldaold, 11, 

dcvckipmotit, 111^, 200 
mavEnictitg, l^O?, tJIJ 
o^Aihoatioo^ 1307 
ttf uaure, ai> 1307 D 
of auditoo' *yl«ii ^*75 
ofdurick, 1265 
uf bfOflchi IJ34 
CDTTLkCUtarff^ E^5 
iJcvcIaptncflC, lOO 
irnjcturc, 1307 
cQ94a], 41,461^ 2tz 
ioiiitA, 474, 475 
rt^lhcAiiont 3 fai 
«Tnicturc, 

cricaSd, 1304, 1305 

dcvrlupmcfitp I rq, 40 T 
jniniif 1.107, rjjoA 
iurfacc aruiloni>'p IJ05% 
* 3*8 

OriiKifonn^ ijoh 
(Ji^vclopmcnr, 200 

epigMUo. 

development, Jiq* tSj, 

mio 

of hcAd of fEiTiiLr, j j 1 
of humerus. 4S4 
of hyoid ereb, 1 iS 
iiitracU>Toicl, 1304 
of Urym, it, 1303 

dcvrldpriumt, I iq, JoO, 

£0t 

fitructufr,, 1 307 

of fiuuiiiibulAr Arch, ri8, 

M^etdV, 118,30b 

AAjHii!, aldtp t 3 i(ti 

lowcf, 124 b 
A^taVp 1325 
upper^ mb 
poiWplal, 347 
of 

.S'er Cfi of liuditon' tube 
MinUiifW^ .SevMeJLidClU 
thyroid p 1303 
dcvdopinenr. tion 300 
jiMtiU* 1307 
oeaificatiDO, 1307 
««x-di/!erciic», 1304 
iurfjiee AiiAtonis^ 131II 

of tniche^p 31 p tj =4 
tntki»t 

C^runculK hymcrulc*, (522 
lAcnmalc^p T 4 y 7 * liho 
deiclopnicntp 149 
CastnElian, effeci of, on ■kdtf- 
ton, 3t 
CeOmuit. 1250 
C*udi cquin4p o3t, 1x45 
Aireriits. S14, Sr5 
"" Cuudeh” D£d 
CaVily* Stf ahQ 'Cnvum anti 
Space 

Ainoiottc, 70, 
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QtvUy 

body, 4e\'elDpment, 201 
chorioniCi 70 
cranmi, iqo 
glenoid, 3 sK, 361 
jkpint, 4sa. 453 
ofkiy'tLE, I30q, TO 1313 

niedullary^ 23. 
of mouth, IJ43 
naAilp 299* 1227 + 

KoW 

of olriiclor>' bulb, 139, 1050 
of oinentol bujrtft, i4>pb 
pcl^ic^ 403, 1397 

meaiBurciruriitj, 1104, 405 
peficardmj, 701 
develupmeni, 81, Si, 

301 

perimnraJ, ^400 

development, 8x1 ^as 
pleunal, 1313 

devr]opTncnT+ 81, 20P, 

102 

pulp, of teeLh^ 1363 
of leptum peLlucidum;, to^b 
thormde, 70^ 
tympanic, 1470 

ippbed anATomyk tiHo 
ancriet, 740^ 748. 1279 
dniclopmcnt, 15It [S7, 
3^7 

lymphatiesi, 88q 

muc^»ii 5 iDembranE„ Xljq 

muMdes. 1278 
nervTSi 1279, taSo 
ofskle^^ ii8t 
1278 

vvEnt, 1279 

Vijlla* t27J* 1272, 1273, 
1375 

ofuxeriif, 13T3 
ofvAgtnAp xpo 
Cuvuziii TTuciiulIttfe,. of bofiCp 23 
Cavirni otie, 1343. iSre 
MoulK 

triffcminiile. Xo8r 
CEfXS 

aitt mattoid,^ 323 
li^i-elopmeutp 1175 
01UC0U1 TnernbnmcT 1279 
alpha, 1013 

amnctille^ of nrdne, 1345 
development^ 147 
[ininiab 1^6 
ant^TEibn, 1431 
b«lAl of fiiiii, ilqb 
baaket^ of ccpebellum, 979 
hem, 1012 
of BeLtf, 1037, 1041 
bipolnr, of retina, 1245 
of spiral ganglion, [52^ 

of vestibular gangliOflp 
1293 

blood p 45 
bone, lb 
coniliii^e, lo, 21 
cvtitral, of EHPtniichp 1421 
emtm-Dcinar^ 14 55 
chalice, S 

clwna>-ditTcrenihirkifn of, f 5 
chief, of itomacbk 14^ ^ 
chtismafUnp 128^ 

15 J 3 ,.T 537 
chrofoophuc. 1012 
chromophobe, loii 
of mnnccdvc tuEUc, 12 
of corpiu lutetim, 1510 


Crll^ fceurf.) 

cortical, of ccrcbclIum, 979 
of cerebrum^ 1036 
decidual, 95 
dermiiion of, r 
of Dcitm^ istji 
detidjjtic of epyetnihcp 1207 
diffcrcriliatuR], 55 
of Poeict, 1146 *• 

dual, S3 
cnaEnel^ 1389 
rmlotheliol, 53. fpqs. 879 
cnmoglcd^of lymph gland, 

m> * 

entorochrotriadni. 1431 
ep^ndymalp 38, 125 
epithelial, 7 
epixhElioidf 1533, 1534 
fxE, 11^ L4 

follicular of ovary, 1 309 
fjanplionH of rctuuiH e 245 
development, 147 
germ, primary, r, 55, 211 
gtant^of 1037, 1041 

IrobIcE, Sp I £29 

of GolgL, type T, 934 
type 11, 934* loA 
nf Ciolgi in cErcbcllum, 979 
Hmr^uhLr, of cdrebr Llunip ^ I 
of cerebrum, 1037 
jpwth, ss 
ipiatami^-, [123 

iiair» of metiibranriEjs Iftby^ 
rinih, 1288 
ol xpLml organ, 1291 
of rienscn, 1292 
Interstitial, of oviuy, 1509 
of tcatia, 213* 1495 
iuituglumcruler^ 1478 
of KuplTer^ 53, 1464 
lamcller, xz 
lutein, 1510 
marrow, 50 to 33 
of Mariinotii. 1037 to 1039, 

i05i 

tnelinoyaatj^ 1397 
of MeynErt. 1045 
micm|{llidt t8, 53 
myo-cpithEfial, e 2 (i 3 , 1302, 
[52^ 

^7^3^ 913 

of anEctiur liom, 935 
capvulEp nucleated, lOqt 
cTuonuitoE^sia of. <>16 
connEctDr, 915 
baakEt, 979 

bipolar, 39,125, 153, 9tS, 

1245 ^ 

injury of, 916 
In OOrteM, ccrebEllDr, 979, 
980, 981 

cETEbrul, lojb, rD37 
degcncnition, 
rettogradc^ 916 
tnuianrumnal, 916 
of DogEEl, 1x46 
eififclor^ 914, 915 
fusiform, of i.'crebml mr- 
tcK, (037 

ipuiRlioitjE, fetma!, 147, 
1245 

aptriAlp toqi^ 1144 
sympatbctic, 11*3 
of Gdgi, 934, 979, tEjj8 
*039 

STTanuhirp of cereliclluni, 
9^1 

of cerehitinu io|7 
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Oils [ccnf,) 

lisUdl^ Cijal. 1*45 
WBndrrtnc. qf ELreolsrtiffauCj 

13. S 3 

2:^TnqflcfliCT H-il 
CCl'lule, cthuioiib^ 12^1 
BUceriiiT, 301, ^ 33 ^ 

midiikp 301* 334 33* 

pcHtcmri. 3«si+ 33+ 33* 

ebrcKiiittffin. isH, 
US. 153^1 *S 33 > ^537 
Cell ialtitS Dt" pwicnm#, i+5s 
Celt fnass, iurttr, ts^i 
ilitmiicdiflile, 77r 79 ^ 


Cells (f^inr.) 

nerh'e. horizontdl of niuui^ 
lUS 

Intemuivps]. 4)15 
of MjinmqitiH t037p JOjS, 

midRct^ of retuia^ 1 a+S 
micTii}, tejap 1050 
, fOotiif, q( ehrol (iorlcJt, 

i 027 f i^+i 

of iipiDiJ rnthdulli^ 

93 5 n 91 * 

mukipoliri m 1 = 5 p 915 
urPiLTkitijt,^qpf;?^H 9 ^’ , 
potqnficd rncmbriuiCi y 1 !^ | nwiopranci 
pyramiilalp 1037, 1041*^ 

105? 

of hjppq^mpuiSi 10^1 
rPCtTiTof, 913, yis 
sn^itIi^^^ ^^cynerT, lO+J 
afspifiol cDcduUa^ lu 
939 

qiellute, 1045 

syrnpAlheiii;^ L 303 
dcvetiipnicnt^ 145 
iv-pca, 10 40* 913 
unipolaTp 3yp 135,9 f 5 h 1 
neur 9 )ili(Lp 37* 3 ^ 
dc^trlopmcntt 125 
olfactDry^ 1993» 1230 
dcvciopmefit^ j + S 
oli|[Ode^ndriDglijiil, 3Kp 125 

of Meckera di^vrtkidLim* 
t-P? 

oxyphdp of puraihyroid# 1 
' + 53 ? 

pfklTAtUteinr 1510 
parirlalp ol itowliH^hp *421 

pigmeni, to, *ip 17 

in dliary body, 1=4® 
in iti^ i^+ip 

in retins# 1241^ . 

m Kkin, 1297 

pineiili i«^ 
pituii^'tc, 1012 

plB&rnftp of Wfllde^cr* 12, 52 
plusikity ufp 55 
prc^m^nuliioJii 2 J + 
prickicp of akin, 9, 12^* 
electron microBcopy, 9 
prindpal, of pqnith>-miJH 
153 »* 153a 

Piirtin>e^ of eerebelluni, 

9 SC. ijlii 

p^TfutuudJ, of cerebral cor¬ 
ses:, I 037 p *05* 

mioulur^ 17* S®o 
of retina, i 47 t lUl ^ U* 
of Uaugetp 69S 
ofSertobp 1495 I 

Mfjtp primordial, S*, art ' 
iieliulE, ol ecTcbnil cones, 1 

1945 ’ 

of liver, 1464 

KuppOftingi ol JZJ'ciiC'Pj 

1393 

of Hcn*en, 129a j 

of nictnbranoua laby- 
ririih* J 2 S$, 1292 
of fiafal mUCO« 4 r ^ 23 ® j 
of Mslc-biiiilf, ia2j I 

of lestia, 1495 I 

svmpaihochronuimn, iiSp [ 

synovial, 454 
tendon, 15 
iotipurent, S 5 > *5 


Cenicnt, 1559 . * 3*5 
formatimi, 137B 
Centrefif iiutlitoni^ hiKbet# 

1041,1047 

kivier, ijKy, 995. i»* 
caJtleac, 947 
cirTTularoiy, 947 
mntor, 1932 * 104* 
of ckSftiBatliOFi^ 26 , 27 
piilltsynTpiilllrtrticp IOJ5 
rripiratoni'j 947 - *}^h 

ftcnSOTi", J021, 104+ 

3 omE}idiCtk, 1044 
flpcccb+ motor, 1043 
aj^TnpBthottc, iniSi 

visunb Kif^etp ioi«, iMt, Checks, 1344, 1343 
104^, 1046 I lymphntica* SeW 


CcrcbeJJum (wnrd 
rrMla^ anmitiary, 1077 
velna, &47 

vermK 134 p 970, 971 

weight of, 97^> 

Cerebrum, 92b 

aJu^ Brain and llomi* 
sphere, ccrehrul 
anei%«, 759 w 7 *ii 7 * 9 ^ 
77 ° 

ccwnifnMuresn 1053 
cortex, [031, 105b 
stmeture^ 1056 
development, t 41 

devetopmettl, 77. ^29 lO 
^44 

SUmiTiaiT* 143 

veins, 

Cerumen^ lafcS 

Ceira uieri, 1514 

15 jb 

supnivBifinul pan, * 5*5 
vngiiml part, 1515 
Cbamber of eye, anterior, 
1241 

drt'elcstpmentj 149 
pofi^tcriof, I49i X241: 
ttnuatrbh 155, i6o 
ChHnneU, perivascular, 
btain, loSb 


of 


*N 5 l 

lower, ICO*, loiH 
Cenmolcp 2 , 
of ovum, 5^ 
of sperm, 60, *2, 63 
CefltKumert, S, *, *S 
GentroiOine* 2 
of ovum ^ 58, <>4 
Centrum of vmebrJH 249 
curtlUninDut, 104 
; Cerebellum, 92S, 969 W 9 ® 4 ^ 

; i «77 

archi^H 974 
I artcrii:»p 7 fi 9 K 77 ® 

■uophvp 983 

a>nnexion«, 972,1077, 1123 
•cotter, 979 w pSj 
injoty lo, i>S.2, 9 Hj 
' devcl[»pmcni, 13 3 f ^ 34.973 

974. 9^4 

I evolution, 972+ 973, 974 

I fibres, fxititniisBurmi, 975 
fwiurta, 97 Jp. 974 
ftoceutus, 1172 
folin, 971 

funcLkinSi 93*P 9 ®^ 933 
lobcSr 071. 97 +p 973 . 
localiuition (funewonaJ), 
9W5 

niisrphoWy^ 97 ^. 973 
nco-, 973. g^. 
nodule, 972^ 944 i 
iiije.lcJp y8t, 981 
poleeo-, 9S0, ^2 
pedunclcSp inferior, t 33 » 
9Sa* gtio, 977 f 
mkidle, ij^Zi 97*p 977 r 

983 

Bupenor, 954 i 9 f» 9 i 97 Si 
9^3i 9 ® 5 p 99a, 100= 
deouxsation. 976, 992 
pmjevrioit-Hbres, 975 
structure* U7+ ^9 5*^ 
subdivirions, 970, 97 - 
aubsEiLUve, Rcm-p 979 
whilep 975 

lon^d^gya 


Client, Sir Thojraqc 
Chiaanui Bimuiion, in cell 
divisinin^ 6 

Cbiitflma, oprin, 999, 10O9, 
lois 

devclopinent^ 138^ M7. 999 
5 brc 4 i tuts. 
pressiilc orii 1013 
ChoaruT, ril7 

Cboltcy&toHmpliy^ 14*9 

CholinesfcTBAr, 918 
Chondroexunium* 107* 
at birrb* loB 

Chorda lyttiMori Sn Nerve+ 
dqurdi tympnni 
Chordz icndiivete, 266, 711, 
7+5 

Choroid plexus. Sir Plexus 
ChiirioDp 7^ 9 *t ^53 
idrculatiofi, 
ffOTido^utn, 97 
lievcp 97 

non-pfsreniDl, 97 
CKurotd^ of eye, 1 2 jy 
nnerica, 75®* *^39 
I development^ no 
Btruciure, [339 
Cbromaffln »y 5 iem, 1532 
Chtomiitid.s 4 p 5, 6 
Cbfomatui+ j, 39 

I ChpomatolyKi^ 40p 91ft, t^o 
ChjtPmtHpomi^ 3* 65 
eonjugdtion, $t 59d *3 
nurnbeTp 59, (>5 
dipLoid. 6 
haploidt *P 59 
of ovum, 59. *® 
rule, in MX delcrmifliTiwi, 
* 4 * *S 

of aperniQlOXrWin, ba 
Chyle, K7S 
Chylumicmnj so 
Cilia, It, ro 

electron ttiiejoMopy* jo 
C ingulum of cercbttitrt, 2060 
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CiDj^uni,. of CcielKp 
CircuLilion dP blood, 
chisfinnk, fi* 
colljiitemlp 7^ 
rmbr^^nic, 
fteul, 72.y 

pluccntElp ^Sp 
portnl, hi)4 

pvlmnnuy^ 1341 

»p]ifnic, 1544 
tyi^Ttnenic, 

cfininc-xtoiu ^viih ponal, 
87*. S77 

cht ct^rrbiwpinal lltild, ] o 85 p 
to36 

of Ipiipb# S77» 87^ 

Circulut arleriosuft (of Witlii>p 
7*1 

of iritp m^T flnd EnlooPp 

in»cuToflui b^nictlll, 457 
^Nsnufhii inaJTimilf, 1526 
CircumductijDdl kE 45^ 

Cislerivi chylit ftSjp 

^ 99 ^ 9 *> 

(luviilispintiit, t8i 

iribjTaritw, go4i 

pcfiutiCp 151 
Auboi^hnoid, 

ccrcbfd.l;omcdiillari!&, lol^4 
h1tl^Ip4^JlIlncul■^rlftk 
of Uiteml 1084 

ponm, TQS4 
vcriA: ffia^Emi: 

IQH14 

Classillailion of bori^?. 
2 ih 

of cuanial tictVcs, II40 to 
i 14 j 

of jotntJip 450p 455 
of t^ww iibrr«p 9*7 
of flkulia, 

CtoHSImnip EOI18 

CipvIclOi 3*^j S63 
illhlooitjnfi. 479 
fracturcp 363, 5^5 
fuJictiotiip jfjij 

3^5 

joiotAp 473p 47^ 
imiv-rmctitH, 4^60, 4K1 
a»j5c4tioii, 364 
set lij^toivnccs, 364 
■HlnJCltif«, 7rp4 
mrface iJiatomjf, ib^p 
C taiva4{c Sine* of skm, *^97 
CtciflvaRP of oiumi 73 
Ciefe, bmiHzhitli, 109, lib 
hyikmuiujibiiljirt 152 
imnitondiStar, 13WJ 
sicvckipmeiit, 184 
of piibitep TT5 
puucoLlaU 15ZI 

CLilorl^ 15^ 

artcrirAp ^13 
4cvolopni4:nt, 22 Op 418 
lii^ixph dminaifCp <job 
nerves, H37 

%'eio*4 3fiQ 

Ciivmf *07. 3^3. .1*5 
CIckACo, SSi 205+ 3 i 6 p aiO 
BjiumAlk^t 

(knrilTh'e9i^ iifv tHK (44Jt 
*443 
liuirlp 195^ 
ortodetniolt ^93 
eoiodrmkdl. 65^ 193^ 


CJpAOiLp ctt|oi^icrAionp lit 

Coiirctatjon of porttp 7M 
CosU .Sw Tunica 
cofyomi lonjtiiudinil of 
UlnK J444 

of cj'Cp fibcousp tl]6 
rvcn'oiiAp tljbk 1245 

%'4^|ilaF. 1139 

of briirfoiliokr iirntr^ 130 a 
outerp rjoo 
CoeeyK, *47, *48, 
inovuTicnt4» 46^ 
osHL(iea.tk^inp l^l 
Cockica^ lltii 

ai|u>nJo£*p 3J4, 1283 
auwlp cofitntl* i?8i 
atlldKUlua^ 4^#0p ^9Hp JZ4 

de-^^rbpniejal, <50 
150^ 1189 

nmcp jjijp 1194 
I^ACiHllM JI8I 

irlfllioop to tympanic 
1173 

rcpiY^nt^tioTi in ctridbnim, 
1047 

Cieldntp etiifa-efiibr>wiOp 71^ 

Htp U, 8i!Ep SCI 

in umbiLico] cord, SHp 190 
intm-embiyonicp 79p 
lot 

CoK-looth of mnlktu, i 
Cohnhyiin'a nrcAUg 33 
Cidbiir-n^ *5 

elccEton nuc^weopy, 11 
Coll AO fefuiL 177* E73 
CdIUcuLiu bdaliA, 9i$7 
of mid-bminp ySTtp u^Jn 
OgAp y97p 1006 
scmindiRp 144^ 

I Citplloid of tb^toidp 1519 
Colobncntp eolijimitilp 14b 
ColoD, i433p 1436 to 1439 
abnannulitica, 195, 196 
atlen<€^, 803, *448 
dcvekipnieni^ 190, 191 
lymph dmimu^, 901^ 905 
nenc4 , iioOk iitMp iiigp 

*4** 

porituniciiinp J4OI, t403p 
1408, I41O 
atiticnipe, 1446 

velm, 875. 144^ 

ascondlln^, 1436 
ptftioneiajii, 1404, 1456 
kurfioe ntuinmy, 1436 
descending, 1458 

pnitoncum^ 1404^ (438 
sujfaoc uiutfimyp 1438 
left, t+37h 1438 
nslit, 1437 
niaic. 1438 
Pigmoi^ 1438 

peHtoncutn, 1401, 1403, 
t4fOp 1438 
inmavei^ep 1+37 

pentcncum, *401, 141 Op 
I43» 

iurfiyec unaiomy^ 1437 
ColotiTp pefcetnbn of, J007 , 
Column, CcpfumnA— I 

Mfuil, 1445 
ttf fomcEp 1056 
mtjscle^ 33 

of nervous system, (Jrey- 
aomatic 
affeteflE 

M*tlFfar, Ija, (I7, 
*14*. *‘43 


CaJumiit Colurmii (tonf J 
of ftervous system, (pre^r— 
somitiop nticrent, specii], 
133. 9*7. 

*M5 

ciTerent, 132,91711096^ 

1100, 1113. lijSf 

1143, 1143 

visoemJ A 

flifcrcfii 

Iteneial^ 9171 

Spef^ld, 132, 917^ 

ft+i. 1143 

effcien E 

KcnEnil, 151, 9*7. 
ii|6^ 1117^ 1130. 

1144, IJ43 

13a, 917, 

1101, I I 16^ t* 37 p 
tlJOp ll4i. tM3 

of tpinaJ uiediilLap 
developmem, 1^5, 

13b 

fltiiofkir. 953, 935 
blEtal^ 953 p 937* 
1101 

postenOr, 931, 937 

white— 

anterior, in medulla 
oblnn^iji, 951 
in vpimtl mEdnlbj 
116, 930. 940 
liXenttp nl meJullit ob- 
loniiqt^, 93 z 
in iptnel medulb, 
izb, 930, 941 
posterior, in spinal 
tnEdulIi], lib, 930, 
Q45 

rectiih Sf^ C.^ and 

renilp 1476 

0f^‘4U|nT4i, tyio 

venebmh 128 
applied nnutomy, 

471 

aa K tft-hcKb, l£ I 
tdasTemalp 105^ 104. 
mliliiginous^ 104 
cun-c^, 151 

dEVElopmtuntp 103,148 Eo 

as I 

functHm, izS 
icijurw, 235 
joints, 461 
mctnbirKtHiLi]i, toj 
infivementip 465 

OSiiJVcation. 105, 048 to 

iiirfaccanntotnyp 251,151 
vEim, 863, Wb4 

Commissures^ nf brain, 
tQ|>z. SfrtthuCorptiA 
callosum 

ahtcriof, 1019, IOS3 
diBvcIopmeni, 141, 
TO53 

of cercbmm^ 1054 10 
J03b 

development, 140,1031 
of fomix, 141, 1033, 

tosz, 105s 

of Gudden^ 1016, 1017 
hibcnular, 996, 1008 
hippoCBmpaJ, T035+1052, 

dcvebpmrnE, 140 ui 
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Camxnisstire«, pif brain, 

of nEopalliuuii 105^# 

x-oo^ 

devtlupmcnt^ 137 
of rhmtiMMphaimi^ 

1^55 

bulbnnnn^ IjaJ! 

^ vrfiipfl^iJ 44 

of itpiiuil jiifdullBi <^30, ^33 
of ^-uU'd, (5^3 
CcHni>lc 9 i^ uiUfin! phiir> 
iafi+ iBs 

Co m^ionootB • of cromal 
n?r^i». 1140 10 1143 
of nctvous ™tCT^l^ sonmik, 

KpLnickthiCj *>17 
of f^pirutl tlcrt'tfp 1145 
CDncb» Ejf aiiridr, t zU^ 
nualp infcriarp 26S» joo, 

dL-^Tf^pmcTit, los 
omdifirCytjon« 337 
ntiJdk. 30], 335 
dcvelnpmctit,, loH 
ftuprrior, 301^ 333 
ilcvclo|>nTcnt, 10^ 
fiphcTioidjil+ 31b. 31^ 
in ntRc, 30J 
H^ssiftcatinnp 31^ 
Ctxnduciion^ Nor\uui^ i|i 7 
in htart, 1^7, 73a 
Condy of 4 J 3+ 

^ Cr 

in kntw riMsvTctiictiT*, 5^3 

ELufdtT HOJltOfTlVi 4E5 

of mandible, 30;^, 306 
CHxipira], a?!^, 3*3 

of tibifl„ 411, 4^a 

jhiufoae ■nafomyt 421 
Cone, of oriBin, 40 
of refimi, 1244 
devtfopment, 147 
CooHiJctlcc- of aiituse*, 

H47 

Cofijui^n^tjoci of chromoaomcfp 


5 , 

Conjuncliva, tiS 9 

urrtric^, 737; 75^. rzjg, 
i.2to 

ilEvelopjTiEfir, 140 
IjToph drainai+c, ftSy 
TiciA'CT, lafco 

Connccting^St^lk. 7*1 ®-1 p 86j 
M 7, SSt 

imertendincuiip 63 s 
Connective Tisane, 11 

Connexui; inttrFlholimicuFif 
1001, lOlvj 
development, ijft 
CrjiiameMoiWh of oiiAopbajruBN 

pylorie, [410 
of nreter, aoy 

Contraction of mu*clcfi, 33, 
3 + 547 , , - 

ConiTas.-Hmi Dupu^imii s, «-|o 
ContTol, eqyiltbratoryp 

iiyrien^, *136* 939 
Avltfiunal, 93b 
Conu^ Eirterij.iM 4 B+ 1^5 
Conn* ifi-fdiillaris, 933 
Con\Tolutiona. Sw Gyri 
C^-eirdiltilioiip 937 - 
if! cctcbellumT 
Copiiid (of *^3 


Cord, Corsl^—- 
genital, soy 
liepbrciF^eOi^ 70, 203 

oblique, 41 ^ 

«rst, 

of ov'aryv ^^4 
of te«ii$, :!<iz 
spermatic, 1499 

lUteHn^ S05, » 09 , 1409 
ooverioi^E, 1499 
devekipment, 2i4p srj 
hydco£i.yei I 4 q 4 
nerpy*, 15W 
rclatiotip 10 hemii^ i449 
aTruenuT^ 1499 
torsion, 149b 
veirtH, 87Z, S73 
spinal, MetluISa &pi- 
nd]j& 

of 212 
umbilici 73 p M 

ai birfh, 7^5 I 

de^ebptnent, 83p * 

lenifthp 

placental aclHchmeHtK 97 
antictnrep 17, 88, 80 
ik^r Fnlflft, vucul 
Cordototny, 944, t 043 
Corlvm of i^kin+ 1^97 
devclupment,. 
jnrucmrcx 

of tontpiET 13®** 

Comca, 1238 

denen.'ntion of, IZ13 
clevelnpmcnip 149 
iM?r%'e cnduii;^^ 9“ 
itmjGitire, 1338 
ComuBp cd<e>'ttcali ^8 
of b\^id boner 
aueniL ^ 

nf asphennu^ opening, 657 
of spinal mptlulla.-Ser I loms 
of thyroid ci»rhla|te, 1303, 

3 J04 

Comnan of l(l?na ptm^, i 5^3 
radiatn, of braiOi io 6 Si T073 
of m-nm, 57? S® 

Corpusp Corpora. £W ubo 
Body 

albtnn^ rjJ I 

callDBUm, 1032 , XOs8.1053 
abaenee of, 
qrtenex, 759 

developmenti i+Si 1054, 
I053r toss 
fibrea. 1054 

cawmo^um elitoridiSi 

TS 23 

pws, 15SI 

arttrirt, bJi. Sil. 1303 

nerves. 1504, tipo 
veiRs^ 81 ^. 15^ 
lutcunip 92, t|lO 
rFiamillarin, 1009 

development, 13? 
ponrubulbare, 963 
qnadri gC-mLnym. 

CoflicuJuSp of midi- 
bmin 

spongioaym prniit 
3^03 

artcrie*, Sll 

homolojtyr^ 220 
nen'csp 1190* ^504 
ureihfm in, 149 ® 

1504 

smiaiym, 936, io$4^ J07b 
itteriRK 739* "<» 


CorpuSj Corpora (itmt.) 
strialnmjp connesiionsj 1066,. 
|o|^ 

developmmi, r 36, 1 4 ^j) 

142, ]Db4 

cvolutkm, jo6fi* 1067 
fnnciion, 936* tolV&p 107b 
fttmenixe^ loM 

i3TtpcKoiticujTi, 964. 

1126 

nuclei, 

Corpuscles, blood, 44 

rievrlupincnt, 51+ <53 

bulbous, 930 
ColfislTiimt 1525 
enntentric. of thymus, i j4* 
devetopmeni. 1K4 
rnmenli, 1238 
Kcnitul, 920 
nM 4 assii]l, 184, 1340 
bmelUted^ 030 

of artcriesp 897 
Malpljfbiftci, of kidney^ 147** 

DiTiil^ g 31 

Padnijin. Stf Ci, lamellotecl 
I renal, t476p 1477 
of Rufbni. 921 
! laclilep (}2o, 921 
CorieJt nf ccrobcllutnp 979 
structure, 979 to 
of cerebrum, 928, XOU 
a^nmulari 1040 

a^teap, J 041 + Sec tl/ju umlar 
Ai^ 

depth of, 1036 
develdptnellT, 13® 1+* 143 
feeto). ro37 
BmnuUr, 1040 
^yrr, 10Z2, to 1031 
inveati^tiofli to-jo 
layers, 1037 
in t037 

bcalknikm of function, 
104* to 1050 
fltrncinre, 1036 to 1041 
BUlct, t022 10 1031 
typiH, fimdnmmiitl, 1039 
nrbair^ ijoi 
of liidnej-p 147^ 
of Icm, 1240 

fif l>Tnpb node, S79» t 

of nvarvv is*9 
of uuprrtrecuil plands^ 

1337 

■ppEied insifomy* 1530 
iicve 3 o|imenr, E4S 
function, 1537 
of Thj-muar 

Corti, Spiral ornanof, I29t 
1291 

tuimel, X291 
Cortisotief 1338 
Cot) ledons of pbeenutp 98 
Coverings of spermatic cenl« 

I4IJ9 

of bemia, 1449 to "45^ 
of o^oim, 58 
Coxa ^TkfB, 

Crsmial,^' XXtl 

Cranioloiiy, 355 ^ „ 

Cmnii.iin, 2fi^ to 356, a/ro 
Skull 
bones, 264 
dc%'rIaptTiml, t07 
mcaiureirieJlU^ 355 
I Cte^copts of CiianrLU 3 ! 2 :i, iJSo 
Crest or C^ta - 
I ainpijllarti^ 128!^ 
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Cmest or Cri*tfl {c*mt.} 
bosiljirtft of 

con^hd. of mius iIIai, 3 36. j 43 
of poiatidc boiTC, 
ethmoidal of maiilk, j 45 
oi' (utliLtin-r bofl^, 
of ELnih, pi-cdijil, 429^ 4JO 
imfiidlH ^91. ^^4 3^^ 

ISttlJi, i65, ays, 333 
KiinA^iorik ia!t, J44 
of iUu 4 ii, J9-+ 397 
nvorpho1oi$v, 3 h>i 
uicuor, 34b 

Liifnitmiporyt, ^^4 3*7 

iofundibillo^vEntriciJEir. 

Credit supravctilri™- 
iar 

inienriHihanrcfic. 408+ 4 ^ 9 - 
411 

bditnuiJ, ^ 74 - 33S 
of oiMxillii, 344 
of miicw;>iCimlrMsn^ a 
flrctrvn micftwoopy, s 
'rw«l, of lOiailU-p jca, 34* 
of pailutiiit 3 bcnw, i&a. J48 

nciir&l, T 7 i 144, 14S 
obtiinitorp 3$S, jyy 
ocdpild, rstrmd, ill 
ioiomd, 3^^ 

palntior, 34^ 
puhic, 3tjS, 399 
luifsico anstoffoy^ 

■iiiunrta of K-mcciiitulHr 
ducti^ raf^ 
of ribf 

iphonoidal. 3M, 315, 3I9 
of of scnpulo, 35ii. ifn 

^kiifaco iUHtoioy, 35a 
supiouiorH, 37^^* 3 ^ 
&u.prBimii[ojd, 377. 330 
■upmvcnmcul^r^ 71 o 
[emiindiaofb»rti 7 ^'h 7 ^“ 
development ISO 
inuiaii'trwT of m^Njrru] amn- 
aiic oiMiui* ayii 
umhirnt, 14^ 
in femak, 

%'c=nibiilar^ i i8j 
C ro 4 » of Ram-tvr, 43 
Crowll-nimp lengthy 222 ^ 434 
Crawfi of t«lb, 1358 
Cms, Cruffl - 
of diitoftt, is^ 

Ci^niunr, taSl 
of diaLphrai^, 583 
dovotoproeot. ao 3 
of fompc, 1035 
of helix, ii64 

of inRuin^i rinig^ ^Mperfictw, 

501 

of peiiu^ J jai 

Ci^tjijik loiuilkr* 13K4 
Cuboid bone, 434. 44^ 
homologyp 443 
o^incaborip 44 t» 

Cukten, 1171 

Citmulujoophoriciia, 57 15*^ 
CanciTonn boiw*, # 33 . * 4 ^ 
homnleiflici. 443 
OflcHicationp 44 & 
i;unoii?p jojo 
CuPp opTkp I 4 f* 

Cupola of cochlea, I aSa, laaj 
Cupukp taK8 

Corvaiux« of rccniffl, (439 
of fttntiiach, 141(5 

t 4 jrfiicc iinainmyi 14*“ 
of ^■tfjtrbral tulumii* 35* 


CUTW 

of Monsotik 13&0 
of Spec, iib& 

Cushions^ cmdocardiuL 160 
aifinn'KintTicMlar, 16*, 165 
bulbar, tbfj 165 
Cuticle of liair, 1301 
of teeth, 137& 

Cyck, inenatTuul, ^2^ 1517 
Cylindeffl, hepatic^ 

C>TnbB conclwiB, iih 4 
Cyaw, bmnchkl, 117 
hydxiiJ^ 14^^ 
of kidney, ac 8 
tnenimary, 
pimcrtratic, 1456 
thyroRlosjuiE, 184, 13K0 
CytoPp 40 
Cytdpk^t i 
CytarctiLUlump ( 

CytntzophohU^t, 98 

Darma miivcle. 580, 13W 
I>ecJdua, 04 , 05 
ba^alijv, 
cap^larU, 4^1 
panoiali«7 0^ 
stmta ofp «>4 
IJeclLve, 971 
DcfzuiaatjDa of superior cerc- 
hclbr pcduncIcSp 97^, 

of 3 i?fimi&ci, 953 
of opik tracts, 999, 1015 
of pyt^inidai, 048, 949h 

1074 

of rubio^pifial tracts, ^^3 

ficuioiy, 95J3 
of tectospiniil ItuCI^ 994 
leitiTtentiil of mid^brnin, 
dorsdp 994 
ventral p 903 
of ifochkar nerve, 

Deep/’ xsni 

Pcfiecatlon, conical cenrre 
for, t029 
reSex, 1078 

DeReneratbon iif tnuKle, 936 
of nerve-flbTefi (WaUErianK 

43. 

ascB^iiiRp 940 
dencendinj^p 940 
retrograde, 
tranancyTonal, ^ihp 
Dcglulition, mechatbiim of, 

139* 

J lleinilunes of LleidmhaEn, 

I ujfi 

Demfrites, 38^ 1:^5, 91 Jr 91 ^ 
Denen-aikon, vaftcular* is;zs 
D«w^ 333, 334 
o&sihcaE ton p 450 
|>entaL farniLda, J358 
Dentine, 1358. 1364 
forTTMtion, 1370 
DenEtiion^ 1358 
Demuiomr, 79. 19 ai96 

Descent of ovarj', ai6 
of ECfltk, 314 » 324 
anonuiloUSr AI5 
relfltiDn^ to bcmia^ ^449 
DeuEoplasni, 57t 59 
DeuEoplasmoK'eiSp &# 
DeviaEiDm, radial, 500 
ulnar, 500 

DEVELOPMENT. enrfer 

jrirur:|'££Fff 

Diametera of pelvic inlet, 404 


Dijuneteis of pelvic outlet, 
495 

of skull, 355 
Diaph ngm, 185 

actions, sSTp 588, 589 
applied sitatomy, 589, 

arteno^ 7#3 j 806 
deVTclopmcrUp 
lir^clp 587, S88, 589 
Ktnph diairtuijer 9(0 
Lymph nodes, e| 09, 9(0 
luovenventai, 587* 589 

oeni^ Jdy, ti33, 1154 
pelvic, 603 

applied anatomy, 605 
fafrcia of. 603 
umj^enital 6l^, 600 
faactu, lj*Bi 609 

Diaphmipna wrllo!, to it* to8i 
Diaphysial acliins^ 31 
DiapfiySiS^ 37. 452 
Dlenceplialont 927, ■jri?. <*98 
dfrivatirc,, 144, 9^, 9^, 
1000 

developntent, 136,186, 998, 
999 

DitTeieniiatton, 55 
dependent^ 55 
of cmbryoiuc area, 77 
funeEional, 56 

[>]Refltivc iyst^ t 343 do 
1479 

develD|Hiieni, 181 to sqq 
Digit«, dci’eloptiiciit, [21,122 
of fool^ arteries. 830. 831^ 

. 834 

bonca^ 44(3 
toinl^ 543 , ^ 

lyEnph ywekp apH 
tiFfveA, iiBfjp jj3i7, 118&+ 
1189, tX90 
proLual I tab 

vcina^ S64. oM 
of hand, arterka, 78b, 791 

Imnes, 390 
jniflts, 50J, 50s 
lymph drainage, 893^ 894 
nerves^ ttba^ 11^4, |t6^ 
prcaxial, 1193 
vein#, 8 J4* 855^ 857 
DiptoCi K 3 S| 290 
fciiM, 837, »39, 8+4 

DiploiettCp b 

Dl^i iuiicular^ 450^ 453, 456 
dcvelopnicnt, lao, 450 
fimcticeu, 453, 45!] 
acmmiodavictu^, 479 
mterailntedp j6 
inierpubit, 509 
iMtervenebral 2 i 3 , 231,, 

462, 463 

development, 104. 103 
itructure, 463 
mandibular, 458 
inilio^ylnar, 495 
SuctUcoocygnb 468 
»eiTiDc1avicular, 479 
trianiiulirr, of wriat, 495 
Disc, fiesTO- imbiyonic, 70 
optic, 147, i09«, 1343, 1346 
DjiM^ of Merkel, 93 1 
DUsocEation of sensation, 
1078 

'^Distal/' ™ij 
Dlv^niculump alljuitcMcrLitiriE^ 
«S, 87, 231 
of bladder^ i4Sq 











Divert k-LilyTTi, Mficitcl's (ilei), 
1 ^ 5 . M =7 
urrlcnc. 207 
Division, celluliir^ 
hpmjcit>pical. 5 fl 

b«t«ror>'pjcal. 

DoijieVt 

" Dupji reliction, 

^ Dartal,"' Jtsii 
Durdmii linfCLLa:, 137^ 
ri^Ai* 1235 

Bflir, ioj, 2f>4. 2^5* 31s 
Drymnf w. .S'j^ Mcmbiwie, 
t>tnpflnii: 

DUCT Of DUCTUS— 

ubcrrmtia, 207, IW 
ul^vokr, lj40 
oninioliH:^ 71 
urttrio^uB, iiK, jIhj, 725 
4ippUcd tinJikomy^ 704 
dev-elormwitt, iiS, i6y 
oblitEi-dtion, 7^7-6 
of BeJEiriL 147(1, 147^! 
bile, 14SI4 1466 
flxnpMlI^t 

MpplitiJ juiatomy, t4^Mi 
dcVi'topmtnr, ryS 

in wiimtiwn, 1401, 
i40tj 

EyirTphatic draituiiii!, i>Ol 
stTUcturc^ 146^$ 
auHuce anatamy^ J4O6 
vtirutinm, i4^»7 
biliary. Srt Ductutcs, bile , 
bucOoneuTii], 9gA> 

□f biilbo^umhitiL (^laniJ, 

1507 

donenJ, 1^5 
ODcbkar, 1390 

devciopmcni. jsp 
toclomic, 301 
orCuvief, 157, I7J, ZQi 
left, tsS, t 7 S, 704 

dcrivativa^ ^ S®. 7 ' 5 ‘ 4 . 

8j7 

ii«ht, 158, 175 

cy^Bk'p 146A 

de^'clnpuicnr, 1 9^5 
dcfcrcos, t49" 
dcvclapmcnt, 207 
lymph vTaaelfl^ 906 
149S 

Aurface untromy, 14^7 
ejacuJatoryp 14^^, E499 
dc^'cltipmcnE, 207 
in prosratc* 1504 
endolymphsticuii, 324, 
I 2 itp 12 ^ 
de^TlopmEm, rjo 
of cpidJdymfe$, 14^ 
of epodphnfonp 207, iio, 
I 5 ri 

excretory, primaryp 204, 205 
fronEonaitaL 112 p 336, 122O1 

1233 

hcpaticp 1465, 1467 

interesJaryp of panerros, 

1455 

lAcrimat. ^ Canabculi, 
lacrimal 

belifefoui^p 15231 1524 
b-mphaticp riRhli^ 4 ^P ^ 7 Qi 
884 * 

ofnwninsry ^land, 15^4 
m«$onFphriCp 193, ao^i 
2 « 7 , 2*7 
dcri^-uiivcs. 220 
relation 10 bloddcr, 217 


INDEX 

Duel or DiifliLs (fOirf.) 

NliJlIcmTi, D.p pnr^i- 

niesonepbric 
aasoiacrinia], lafaj 

bony Cflimil, 273, 303* 3361 

345 

devcIopmEnr, ii2p 149 
openinj.', t22g 
poncrcaiicp i+a^p 145:3^ 

development, 199 
utructuco, 1455 

aeces^^ory, i^Op 1425, 

MS4 

iiilerca]iLr>\ 14^:5 
paminc«jnep]lKOp 209 
derivativesp 209 to ^iip 
120 

111 nioile^ :iiir 220 
pam-urelhliil, 11 7 p 
pflivtid, J 357 

dov-elopmenr, rSa 
itmeture, 1353+ *3S7 
^kurfuire rtojiiofiiy. 1352 
perUyirtipli[inc.r agSp 124 

pharjTtpipibnmcbia!, 120, 

185 

pttiataEECi t4'')*P *J06 
i>rifit.'ti, 14*** 
reunietu, i 3K6p 1390 
dcvcIopEiwm, 150 
of ticbaecfHj^ ^lan^, T300 
Mmicirculiirf 1286 
liiiveltKprTbEntp J50 
arruoturop 128^ 
of ulimd 

niHjor, T355 
fimHlEer 1355 

fubnundibulBr^ I5S4, 135 ? 

lieveTopmenip 1^2 
of a.went i^iainlSp 130a 
of Sf^ Ductules 

thora^icT 841. 879, 882 
Applied Amromvp 884 
dnt^lo|>mcnt, 181 
strllirtUre, 879 
liibiitarieli, 884 
valvcsp 8S2 

ihyrOHkaaaJp 184, tj80 
uincLi!o«eeulariip 1184 
vofio^u^, ttfi, Ttjfc 1462 
development, 175 
obliicnirion, 725 
paEjchci^p 877 

of voBtibulaT pjlundf ^ MrmtCf , 
T533 

viteTlo-mt«tiiiAlp Ss, iSMi 
1^5 

pcrsuieni, t95r 1+27 
WoUfmri. Set D+i irioso- 
11 cp brio 

Doctksai fllpridSp 1527 
Dudulip Rbomintea, of epidi- 
d^Toia, 207, 3», 1497 
bilCp 1464 

efletenm of tcstiiip 149b 
i^evciopment, 207 
iToinolDauot, in femate* 
2S3I7, aao 

of epo^pboron^ I SI r 
Du]ne»> ctrdLQCi 7*7 
Duodenum, 1423 
applied urMUcrmvp 1449 
artericftp 797^ 798, Soa^ 1416 
dovoEopTnejilfe HjQ 

l^bods* 1431 
Ktoi-vib, bio, 19^1 
lymphaEic dramajiic, yoo 
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Duodenum 

miicouv rnembnino, 1418 
nervea, 1131+ 1217; 14^6 
pApilLx, major and mirKirp 
1425^ 

perthmeiM recesfl^jp 141 
1411 

fckEionia, 1413 to 1425 

ifpiral, 19*1 
itruirturT, *427 
iliTfacc imaEomy, 1413 
aujapenaory inu^lc, 1415 
\heEna> 876, 1416 
Dtiitt mit^rp 92<it 1079 
devdopmeot, 14$ 
eeurbraJp 1080 

artcriesi, 7i|Op 74k, 748^ 
757, 75 ( 1 . 76*. 
cartEinuity+ with ahedth of 
oprie nerve, 1080 
iji mrJdlo cmnijl fotsop 
1081 

nervi^p 1081 
atnjTturt, 1081 
veiiw* I79 p «+Sp 847 
\-erhiLi& ALHUSTSp 847 
»pinaL, 1982 
aneriefi, 76®, 7 ^, l*l 4 t 

807 

nen'4», 3 1 4fp 

rcUrion^ to nerve-root*, 

vtin^, 803 

Dvi-adbailf 31 
PyiMirthriji, 4>83 
Dy«diadfH^ci[djie«iap 

Ear, eiierpal, 1264. Set tf/fo 
Auricle and Meatuj^ 
inlornflip 1389 

urteriesp I 24 J 4 
deVEli3pmi:t1l, 150 
ncrvcf, t193p 1294 
vcina. 1294 

middle, 127*^ Set ahv 

Caviiyp tympanic 
Ecloderm^ 70 
duivmtive^p 78 
Ectopia ourdiiiv 716 
Ectopia 213, l4yEi 

vcaioCp 311 
EgETh lioloblastic, 7!^ 
Enacrolecirhalp 78 
meroblEAtijCi 79 
micmlcathal, 78 
EListin, 17 

Elbow, JaLnti. clbt^' 

Eieorroencephalo^rapbi.’p J040 
Elcofromyt4?rsphy+ 549 
ElectronegHtiviiyp 917 
Elctdieip 9+ 129*1 
EZrmentp costal, 104, 330 

diuodribauion, 104 
dcvelopmenii, 104^ 1$^ 
cen'icolp I 

lumbar, idb, 241 

saerid, ict^, 

KlmieftlH 

skeletal, of visceral arclio^ 

LlDp tt8 

Klevatiiin, tubal. t275p 1382 
hUttp!o>Jd, nplenlc, t54S 
Embr^, 81, lar 
foldini;; of, 81, ill 
form, at dJflenmt fciageap 
32t to 225 
formation, 81 
tengnb^ 111 to 334 
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Embrya^ ruitriiion^ S5, ^ 
Kmbr>oloK>'* m, 55 
Eminence, Arcbiale, 2^>5, ^ 3 + 
nrliculaT, 377 < 
cjmiflc^ 272, J4T 

CiillliltCTIll, IC» 5 ^ 

frantHl. ^30 

■Lurfacc lUldiam^V i 7 ^'> 

hypc^mnchuilt i* 9 p 
r&S, zoo 
hypotbtiwir, 
tlinpubkp 

inccrcotiiiylv, nf tihit+ 421. 


+21 

mediulp vf foujih ventricle, 

987 

Miillcriiuip 209 
parlirtdi. 269, 

^urfHCe flimtormy, 
ihmat, <^4^ 

nf tubetdnercum, toil 
EinincjiEjii concluEi 136^ 
nian^ltiru, 

Efiiuneli ^ 3^5 

cctUp 

cheiTiicfll Liotnpoftitinn^ 1 J |^5 
(Sevclopmcnip 117 
fonnatinn, 1 ^ 6 q 
i^riMn, 13*^ 

pHun^p 13^^ 
pulp, 

#fmciure, 1365 
EncepbAbn. Sec Bniill 
End Anetisa, 7^^ 

Enil 49 ulb«, 9 i!i» 93^ 

E^nd-frclp 91^ 

Endw>TE;ari«i 91 
End-ptatCp tnoior. 54^, fliO 
Endinffitp ni^nc- *Ser Stnr 
cndini^ 

EndocarditnUp 7^?. 7 ^^ 
Endocnuiiurn, atiQ 
Endolymph* 12S4 
Etidometriuni, i> 2 i lyi? 
EmdoniyfliuiTi, 32 
Endiinctinum^ 4t, taAi} 
Endositletcnp 
KndOKmofiK 4^ 

KndcK^fnim^ ^3 
Endatheliump 7 
CrT artericA, (iy 5 

of dunil «inu» 9 p ^7 
ptinnilvi: vaKuiir, 

£if vtinip 69^1 

|!jiliii|[menis of flpSmd nwd- 

dk W 

Entoderm p 70 
dern'Ativet, 7^ 

Ependymiif nf fourtb ven- 
trictep 

of bieml vrtitricSc, 1056, 
to&o 

of nruml fubop 155 
uf apinal mcdiitidp 9J3 
□f third vtfiiETicb, 1018 


EpicKniiuiTip 154, 7 ^ 7 <7 
Kpicondylea of femuf^ +15, 


of hwmeni»T 3 ^ 37 *+ 

4 it 9 p 49 fl 

tUTfnee niutomy^ JW 

Epidermk Tp *^94 
dcvtlopirKiTt. ta4 
iwrve-cnditi4{?. 919+ 920 
siruEiiuinei 
EpjdidymiAp 149^ 

devdopmcni, 307, 113 


Ef^ldidymui femif .> 

dnctulk abemotcip. 207* 

aaop 14OT 

lymph vce^cb, 1490 
wrmetuntp 1496 

Epigattfic reKlon^ 1^98 

Epiglottiit, ijc 4 i 

dciiflopnncotp 119^ 183^ aoo 
fnocrtlon, 1307 
l>iiiph^rulFWga, 8 qI 
nervea^ II33 
itnicture^ 1307 
Epihyid bone, 570 
Epimy^iam^ 32, 546, 547, 550 
Epineumim, 1090 
Epiprrjcardiid ridecp 117 
Epiphy!!ii, ^7, jOp lifi 

of Ih»K 9. See ifldiTvb'wo/ 

£oAei 

Epiphi[ 3 ii ccrebrip 098^ too9 
Epkpadintp 221 
Eplthaiiuniui^ 998, looS 
developFnrnt, 136, XOOQ 

EpilbeLlucti^ 6^ 7 
dlinled, 8 
ootumruirp 7 
oomEdp 1338 
cubical, 8 
cylifhdiricaK 7 
cnunclr cxtEmdp 1369 

l^eimiilBlp 1493, 1494. 

povcjnrilE. 7 
plfimrnteid^ to 
Kimptbp 7 

»tiiirif!wp 9 

columnari ro 
ttaiwttionsil, IQ 
Epitrichiump 124 
Epoo^iihjUiti, I24 p 1298 
Epnfipl'tnron, Iji* 
development, 207 
homotogv\ 2ZO 
Ecpjutnr of imlnuil cell. 4 
of lcii«p 1241; 

Equilihramm* 941 
ErbV pamly^itp tlfi7 
Er^iptum of [Ecth, 1371 
Eo'throblastL, 52 

devolopmenlp 52, t|i 
JCryibrnblnBtuMB fcxtalu, 49 
Kryltiroovioft. 4 ^* ^53 
Etkmold bone, 333 

cbondnlictLiMiRp 107^ icB 
ouifiooiionp 336 
bulk jot. 3 ®J> :I 35 p 
opehinp^p 1228, tajj 
I enbriform pliiECp 333 
I m Butcr^r cnuinl Ibtu, 
165, 292 

in nandJ caviU'^ 299, 3O2 
bl^nlh* JJ4 
in mul cavity* 300, 303 
iMtettd mtt«, 333, JJ4 
□rbiul place* J35 
in \¥tb\u X74 
pcrpctudiculaf plateH, 3J3 
in nH£Jil septum^ 3OO. 3*3 
uncimito proexsa^ jot^ 303, 
335 t 

' l^vertion of footx ? 37 . 538 
i EiccBYBiinn. A'« Pou^ 

; Exofkotoffin, uh 

: p^dsmoali, 4O 

I ExpanAion, dotvol drmlnl^ 6^4 

I IvKtCRiion BE joiittv, 455. 4;^^ 

. Estemdp"' iiiii 
EaLtftmiri*!*. See Limbf. 

I EscrtocepEorai, 922, 923^ 924 


EKtroyotoiein of bladder* 2r2l 
nf clottCSip 221 
Eye, pbiciil, 137, 1009 
Eyeball], J235 

fux^cs&OEy orgsKtlv, {250 
cirtiJTi«/757, 738, 1150 
COfkOr I2j6p t23g 

colour, 1241 
omntmtip 124B 
dc^elopmcttc^ 14(3 
ruScifll ^hcBth, I2J5, T254 
ThubfcIck^ 123* I3SQ 

ricrvcs, i2ji(s 

refnicEknic medka^ I2j8, 
1*48 1249 

vdna, 852, 1239 p 1450 
Eyebrow'*, 224p 1257 
Eye fields ftoOlidp 1042, TO43, 
1046 

DfxJpital^ 1046 
KyelBBiica, 149* 124* 1258 
Eyelids, 1257 
arteries^ 737* 
desvlopmcnc, 149, 22= 
lympb-ilrairui^e* 887 
miUH:l«*534^ 1258 laki 
structure^ 1238, 1259 
Eye-teeth, t^fir 


Faiic, Bitenes, 742* 743* 747, 
.747 

at birdh, 35,3 
honcap 353 
devclopfticnc, tti 
lymph-drairuge* 887 
nialrortuBtionp, 11 % 
miJBcJe3p tig, SS2 to 560 
iicrvE4p motor, 1 I J4 

sensoky* lioj to nlj* 


vei^, 8 j7p 838 
I'Hcilimrion* 1039 
Fnlkit'i tetralnHy, 726 
FuJxp eeaebelli, mSi 
cerebri, 1022, leJii 
iiiiimUmli*. Se* Tendon^ 
conjoinc 

EASdA* jja* 53* 

of abdoitiiitnl ^-bII, 589* 590 
□mil p 60 j 
of unal re^oiip 
autebr^chwlp 
armind wnlile^ 683 
axiHar%% *14, 774 
of btickp S7S 
btndikBlp &22 
buk^mphnryTg^l, 138C1 
carotid ^birmthk 
cerv'ical, deep* 565, 5^5 
upplj^nj ttnokotnyp 3*6 
fLiperitcral, 1^65 
davipeocoml, 6i6* 617* 774 
C1vmBstcrie„ J4v9 

cribrifomi, 

relBtian, to berniti, 145D 
CTuria* (v^j 
deep, sss 
dtiltoid, 6t8 
djAphrsKmulk, 1398 
etldotbomcic^ 
of foot, ^5^ idl7 

of forearm, frift 
of hand, to 
k^i-f bcud. 5^2 

iliBca, fiiji, 634* 3 18, 1398 
InfmEpiuotai. I 
ininbiiH lamina of neck, 
565 
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lacrimal, 555, 12561 12^2 
laia, 655 

l^f ]C:) 4 , I'j^X 

iliwp ItaniVCTHSK 67^ 

af iimbn, IliWCT, 655, 

&73 

UppCTi 61 t 

lumbarp Stf F., thora- 
culuinbiir 
luiidiCp 603 
of ncckp 565, 

applied Hj^ntny, 56A 
obturatorn 602, 603 
orbital p iijb 
of palm, 6^“ to 646 
parotid. 5^0, 565 
pectoral, ^14 
pelvic; 602^ 603, 1446 
pf ptlvic diaphnoiiTTl, 603 p 

S3p8 

Icndinuus atclip 603 
of |K!IiLl, 1503 
of pcripcwnip 590^ boftp Cw?!- 
6pS, bPHj 

applied anatomy, 1491 
phary^obdailnr^ 13^6 
of pirifonnis, 603 
ppplitral, h*jz 

protrocliool. lamina. 566, 
15^7 

prvvcricbralp lamma, Sb6 
proptisi. 14^0 

of quadmtii^ lumbommp 
602 

rectP-vcfiicfll, 144^^ t 4 ^l 4 i 
1505 

rotialp 1475 

of »C3i1p, 554 

ot ahoLiUler, 

pi «j 3 c of fpotp fe66p 6^7 

cpcrmaUCp cxtiernalp 50t, 

inlrmalf0Pl, 149HJ 

relation cohcfiiio, 144^ 
KobRcapularH 6ao 
auprTlicirtlp $51 
a-upmitpindta, 
tcmpPml, jbl 
of tbigh, deep, fi35 
«upcHicialp 655 
ihciracolumbiir. 50th 575 1. 

of Ehomxp 014, 015 
KmnavcraalLa+ JM, f«o, RlS, 
l^gK 

of ininkp 575 
□f iiruH«mial rrijiim, *07 
□f uTT^niEal diaphra^, 
5 oH. 609 

of Wildeyer, 144^ 
Fa«ctcaliiSr Sr* aim BuiKile 
and TrACt 

trirajRVili^'aris pyrsmidTSp 

963 

cuneaXliPp 930^ 945 p 05° 
oonnexiun?, i€i72 
frontp-oCcipiTEdp 1061^ 107& 
fpneilia, 94S. 

tOtineKinna^ 1073 
intrafumatp git 
Ipnftiiudlnalp infetiot, lobi 
medial. Sr* Bundle 
fiuperiorp lO^l 
lijni 44 TudInalk& dOTBolis ^o^ 

SchutzJ, lots 
olfaeton-, iP^b 

pmpriur^p 940p 04 ^ 


FB:Sciciafufi troul.) I 

retraflexua, lOOS 
tybcuUouil^ l*b3p ro*6p 
iP7b 

icfEntt^nml, iceniTiilp Kisb 
uficinaEe, tefio 
Fai, 14 

cells, 12, 14 

chcmicai cximpPi^iiipfi, 14 
iloi’elppiiitfnt^ I4, 224 
e^rmperitcuicalp 0 ot+ 6 cn 
inestenicrii::, 1409 
perinfrmU 1474 
aubdtiuncoua,^ 551 
devclopnirm, 224 
Faupco^ 1346. Srt ht/io Arcbeii^ 
palotDjrloosal and paU 
4 tpphar>iifnal 

Fomur^ 4olip 410 

app^i^ unqtoniv, 4 eq 
at birth, 419 

condylrip 415* 416. 4T7 
cpiphyiicap 419 
fmeturca, 4-ao 
nutrient artm* 824 
msiHcatjonp. 410 
auuchitt^ 4 ik^ 410 
nirfoce oJlatomy^ 4 E5 
tojaion, 410 

FcncAira cochlcfCp 15I1 tl73i 
txKj 

%neftibuU, 1277. 

ile'^^lopmenEp [51 
FertilisaHunp 
of ovtitUt 63+ 6& 

FIBRE or FIBRES 
urKvrophiliCp tS 
bon«, 34 

oolla^^eiKiu^^ Pi T5 

ctectron microocopyp 12 
Comwti^T lissuc, tl 
denrinal, 13114 
cloi^tic, ydlow, iz 
inteTcrym], 50 r 
of Ictiap I240P 1250 
dEvclopmenE, I47 
mvsclep j I p 32 to 36* 546 
oirdioe, 31, j6, 719 
developmcfU, 32 

uivufunEary* 31^ 35 
ininfuial, 
palcp 35 p 546 

«d, 35 p 546 
amated, 31+ 32* 546 
electron microacopf^^ 

It 

^miciure> 32 to 30 

31 

voluntary, 31. 32, 540 
nervcj 37j 40. Srr o/#o 

Trod 

drffC^c^ltioll^ 43, m6p 

04^ 

reectterotiaOp 43 
oExelemEOri of heart, 

1215 

adrcnccftjsH I 
alTereni, 014* 915^ 032, 

ancuMEe of cercbnini^ 
105K lu 1061 

BreuatCp exlemal, I33i 

043 , 043 . V*"*. 053 
057 * 05W. 07S* 

dorsatp 043, 045 p 0S3j 
05®t 07® 
ventro!, 04H, 957 
inEcrtlol, 133^ 945, 053 


iS<i3 

Fibre or Fibrcxi {conr.) 

nerve, asiMKiationjp uf e 4 re~ 
bellufllH i >75 
of cerebrum, to 

tofu 

tnyelinaEinn ofi 1052 
outonoink:, EI00, r 701 > 

12*3 

CGnnifu^b ■ 011^4 tD0i 
cenk ripetab 10SS, 1001 
cerebelline^tibidirp 979, 

1 E 5 E 3 

da»iricalion, 017 
“ clintbin^ of ecrcbel- 
lum, 0^ 
ccmmUsuifll 

of ccrebellinnp 075 
of cefebmm, 1032 
of vpiiml medulla, 03h, 
04I4 ^* 4 ^ 

conduttion in, 017 
conicofu^l, 10&1 
cortLconucIcor, 963 p i^O, 
1072 

oonicopetai, to6i 
corticoponlinek 9634 

in iniemAl copanle, 
toftjp 10^ 
in itiid^braiilp 0^0 
in pona, 963 
conieomhrtip 003 
cortlcospinah Srr also 
Tract, corlitro- 
gpiaaJ 

dcvokipmi^t, t33 
in intCJTial ccpeculc, 
loM 

ill ntErdulU oblangati, 
05 055 

in mid-hrom, 0S9 
myclinaxion ofp icga 
in p<in4, 0^3 

Ciitricostrtate, 1066* 1076 
corEicothuliunicH I0<>4 
deprr&ior of heart, 12O0 
dutmeteWi 017 

efferent^ 014^ 915, 93 *- 

eximpyromidaL Str 

Tiact 

frontopontme, 9^ in irk'^ 
temol capaulcp lob^ 
in mid-bfoin, ijSg 
eonicukle^ of intcmal 
t^pflule, J07J 
Riey, 40, 44 
rnteitiunciab 1066 
intHvrRTTiezilnlH 127* 941^ 
04 Si 04 * 
nuumlar, 1015 
mcdullAtodp 40, ^I97^ 

t202 

tkioon^ 981 
moior, 040, 041 
non-medullated, 40^ 44, 
tt 07 , iiod 
occipiteponlinep 990 
uiivoccrebeltar, I33, o^bp 
07S 

otkvotpinal, 1076 
of optic mdiaETon. 10^4 
pallidE}h>7iothalaniLc^ 
iciili 

p.-nkj;rab lotib 
p.-oUvar]yp lobb 
p.-rubrnL 993 
I p.^thaIomic« I oftff 
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»5&4 

Fibre cir Fibres 

nerve, pnra5ijTnpiiiJiciJc-+ 
ii4fc, 119^ 
pcfictopctiikne, 
P4tn>]ivtKcrcbeilir^ q|^n, 

pertphrml itrnmruiTiofi, 
41^ to 937 

pcrivtnkriculBr* of hypo- 

Ihiiljiinuv, tOOlp 
iOi 4 

pontj-cefcbtlbr, 97*1 
paiit}^nktli9rnjic, 

ii 4 <>p [147. 

U«p 1304, 1331 
pr«^[iii^'ti(irLir^ 

*T 44 p i 3 CKt, 

1403* 1133 

puikit^km 

ctrtbclluiiip 975 
of et^^cb^ym^ t05S^ 
lO^t 10 tab4 
drvelijpmrntp I37i 
tjb, l-lfl, 14-^- 
of neopaMiurn, 1061 
prapriifl!, of ocfelwilimi, 
U7? 

pymmidiil. Trvn, 

corlicospiiu] 
uf 44 

iTticiilO'CCnrbrnjirp 974 
rcticukivpInsU iC7^* 
retinul, 1015, nli6p 
ftccretomiHCir, of cmniil 
nems, 1143, il+3 
laeriiiul iioip 

I JC14p JIO&, flOD 
pnratid, i laop 
Aoblinguiil^ tlXJ, 1x99 
ful>m4tndibuEiir. 113^, 
1199 

nf spiniiL iiervn^ 11 
fl-Li r ofp 917 

symputhed*;^ ii4^i-^ 1301 
to 1204 

leipriiTilt^ioiilp 99 ifr 

1076 

rrtopofopoinTlflf^ bl inlrr- 
rtul oipi^uSc, icfe(ik4 
in miii-bninp gittg 
trftntnjiciom, 919 to 937 

thiilB-tt'kOCorticuI, 1003. 

I077i 

thaiamopnUidAl, 1076 
ihafAma«trMtij. iq 66 
irBowcrK, of porw. 9^3 
tnircmimU 
\l«fi>CortalTictork 
130+ 

vranbu^^rtibrilorp 970, 
1133 

visrcnil fllfercnt, 

tOiOp IE46. 3301], 

1303 

of cTHiikl 1143, 

it43 

cBcrrtil, t li^p 1301 
fiinotioruil *iitntflciince, 

1304 
H-hiic. 40 

OArouuctu'Htp 3 ^ 1 ^ 

perforating, of Sbwrpcyi 35, 
550p 

Furkjnjc-. 730 
rrtkuUjp of lyniph node, 
8 tio 

jufltrtlthculurp uf rttinn, 147, 

1346 


Fibre or Fib reS (1^0111,11 
ofTonic?!, 1364 
lonular^ 1 

Fibn1li£ uf niuvclEt 33 
Fihirtlit of uun, 41 

of rjir tiljur r, JO 
FibTobi&i^ts, 13 
FibrocortiJagCH. Str DlAC 
elnalict yeiliiw, 10, ai 
intervmebraL 6"« Disc, 
ffticolAr, LnEtTVcrtebrQl 
4 fiM 

1^'hkir, 30, 31 
yelJow, 2C, 33 
FibulUj 

nutrient oirtery'^ ^J3 
fAsifiailionp 433 
fturfoec ouDilamy, 43^p 419 
Frl^unn t, luiuJ^ of sperm, 60 
Filum teimirui(c+ 929, 1087 
HjevelopmeriU tiH 
rvtrmtini, 931 
inirtnutn, 931 

Fii2ibri3, of tiLtniuicepluilon, 
t«>3S 

iJc^^lopjiKjni, 140 
of urepne tube, 3017, l^il 
nvuriunp E5I3 
Finger-printa, 1395. 

Fjngetti, arteries, 7S<t, 791 
bonoH^ :j9P 
oinbi, 505 

y-mplk dfrtlrwgt. ^92, S94 
mo^TtnctiiSp 5135 
tinib, 791 

nervrt, Itfi2, llf^r 13 65 
TCina, B54, S37 

webbing^ J 33 

Fisstir^, anlJtnii^ihcliclnB, 
126=5 

ccrcbclfor^ 971 

nrobrvL nho Butrus 

choiHoid, 100x4 3 0:^b, 

[069 

drvebffKtfuait, 139, 

1033. 1070 

in liiEcmi venmcle, 

farlfiiludinjll,. 1D32 

drvelopmicnl, I42, 143 
triirL%vcrsc, t054p ID70 

cbofoidnJ, of 146 
fortnl, of eye^ 146 
hodixoniab 971 
for bsjwtictituin iFftfi, 1457+ 
1460 

vHMJsiim, 1457, £460 

loiigituduu.1i uf oerebrump. 

3D22 

of Lung*, i 337 p * 33® 

Burface tmacomy, 1337» 

of rtindiulifl oblongitLap 94H 
oral. 111, tSa, 134:1, £344 
palpchral, 1157 
po&tcmtrpl, 97* 
poftllinpial, 971 
pmllutMti:, 971 
postpynunldul H 971 
piimji, i>71 

pirpiTiimklfti, i>71 

relrntonsilliij, 971 
Decainda. 971 
of skuLI-” 

orhitaJ^ inferior, 273 
27 Sp 579, 317 
superior, 373. »75- ^>94* 

593* 


Fissures frowl.) 
uf skull— 

pctro-nocipltat, 3 h ^7 
pelnrnsqLuiiiiDiia,, 3^i 
Ta 7 t 

IKtrot^unpank. a88, laa^ 
335 

in ty'ntpwne cavity'* 
1J71 • 

plrry^oid* JIB 
pter^'go^latinc, 379, a8l, 
3®3« 3^7 

squamoq^mpanic, al8* 
iSb, ihS, lytip laa 
tympunumMtotEl, 315 
of spinal inrdulk, 93^ 
^eitttbulm i 
Ficridu, brinchud, 117 
I'lHt-^foot, 545 
Fluion, at JoLntap 4551 4^6 
Ftrsu rrs of bmin of cmbxy'o^ 
ilVi. 1^3 

of colon, kft, 143 7 r 
nfiht. 1+37 
duiKleUp-tl, J433 
duodenojejunalf 1433, 
t4-t3 

pcritojicel rrccssm, 141:1, 
141a 

Aurfoce arutoniVi £433 
of neural luho, ^3^ 2^9, 

322 

of rwtim, 1439 
RcKurc lines of skin, 1397 
Rocculuh^ 974 
devokipmtmr, 973 
poduncle»97i 

Floor, of fcrtlrtb venljiclr^ 
986, 9«7 

of muudi, 1341, 1374 
of nose, 300, 303 
pelvic. bo2 

of I bird vi;niriictE» 1009, 

1019 

of rt^npanic cavity, 1271 
of ijrctbra„ £490 
FldOr^pIflEc. -See PlaLe, floor 
Fluid, anmbolic,. 77» HH 
body* 44 

ccrrbraiipinab 1070^ 10^S<; 
ctroubikicn fifp 1083, lo^b 
function of« io4j5 
H^minntp £506 
lubdural, loBj 
E.if^ur^ 50 
Fratur, 111 
cinzuldtion in, 71J 
giowth, 331 lo 344 
L*n^lb, 333 10 334 
membranct^ S7 
Fold,. Folds. Si* •fdjE> PlicB 
aJar, of knee, jzi 
aryepiglottic, 1309 
devciopntcnr, rb^, zoo 
KEiUary 

Hnucriur, fit^li 
poEflierior^ Otn 

bloodIcsA, of TrrvrS, 1412 

Rccal^ t4t3 

oaval, 

dreulEri of ejiuII intcatine, 

1439 

duodimiil, 1411* 141 ^ 
duodiEtKim»ocolicT 141Z 
duotlrooparicfal, 1413 
of ctnbryu, it, K2, H5, 
ail 

* j^stTopanerratic, |hj^> 1407 
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FqIIeI:^ Folds (ffjJi/.) 

^nitul» zi:i, 

in fdiutlc, zzq 
^1 i:iu4>i«piK I o 11 i c 4 
Uttcnil, ifi/i ^30^' 

iTki?dbn, i^oit 

400, 664 

hndp ^lp ti:?, -^1 

^ hartzoniJll, of roclum^ 1440 
ilwcjn^], I4I2 
infrepateilar, synovial^ jii 
inguinal. 215 
l□c^itlul, i2t-^ 
lalc:ntl, nf wftAO, ^5 

iTifllleotHr, iif i^-nfipwiic 
mifTiftbnwic^ 1173 
nail^ 14^8 
naiwL 111 
ntfunilp 7^1 125 
pukruttc^ of utrnjSn 1515 
patiidunclE?niLli 14^ 3 
parictocckliOp t4il 
pcmonciiK 14$ 14^^ 

flbrtoTTajil, 141^3 
pli4fyi!i^pi>^!piw^^ ^ 

Fp, KSosso-epifilntriCp 

latErBil 

picumpcritonral p 401 

prrtpknic, 1415 

roclti-ytUTJrbe, 1403* ^ 4 ^ 

1519 

rccEox'4ninal, ijii^ 
of ri.^liiiii^ 1440 
sacroBcnilml p I 404 k > 4^7 
^Iplnnopalntinr, 
4u]pin|^ophiiriinrignliiH 

zublkn^iutlp 134^ I 

tailp ilp K5, 121 < 

lUh3]y 2%Z I 

^j ml>i I iga.1, IdtCElllp 1^404^ ' 

US? 

irbcduilK 72 <>k T404 
mtdianp 1404^ 54^4. US? 
Urt!(«rio, 14S7 
ulcroveflical^ 15**^ 
iUBculilt, of tixcum^ 1411 
VCaKcoI. iniii«i ttsCk 14P4 

veatibuLnr of Idiyiix, j 3013 
■ 311 

vocol^ 13*^^ 

cadAVi+ric positiorip 113& 
coloor, iin 
inovrlti^a, IJIS 
iPiicoyitoicnnbniDCp ijis* 

1316 

pitnilyjLifiK 113b 
fltrucmrtK 131^ 

Atitfieii iiisaEoo^y:^ 13 'I S 
Foliup of ccfobclbafn+ fifji 
Itnjiijj:. 1374 

FoUklcp GmufUnp 37, 114. 

hwj-, i joo, 1301 
IjTiiphp S90p WHi 

imc^linolH 143*. U4t^ 
sn tiiRflitp i^Sb 
oiuj^ijuIk vi^iculilfi. 57 t ^ 5^4 
ihyrordK ijiwjj 1^4 
Fonimiclln. 1^, 313, 353 
Fool, ttp;h«, 544 
arterteap 3ai>K 
KJ4 

bone?:, 433 

of duitl, 544 

comparrAonp with hafiJ4 447 
dcfonnitie*. 545 

do^^opn'it^ta l-Zt 


Fool 

fascia, ftSyp rift? 

Hal. 545 

fulictionifp 440p S44- 

jointF, S35 to S43 
lyTnph vpjSctstK IJy&p S9?i 
psoviirnicnts, 543 
mUMdinj 6^5 fu A90 
nm'CSk ii7yt ll3is ^ 

1 nHi 

Foramoo, Foramina— 

butiti: OFnenti majom, 1407 
of mcdiilln ob* 

1oniiraia> 

of skulls ^^^p 330 
of longue, 1373 
dcnfoldpmonx, 1 ^3 
caroticodinoid, 317 
centrolp of ccKhlira^ 
cpjpSoict (40*^ 1401F 140S 
dirvolopment, njli 
Gthmoklalp 475; 
fionljd, 330 
of Hutichkd, 347 
ificuivc, 34(1, 2^1, 483 
infni^rbitat, 373p i73F 34^ 


>5^ 

Foramofi., Foramina (coof-t 
Fiupra-orbital. 471 + 33 <> 
of ttuClUH Kpirulia rornmlo* 

o^us 12^4 

tninswr^rimiTl!!, ^31 
of axis, 234, 23 j 
of Bcvmcli «:n'' 4 Calii ^3^ 
dcvclopnicdtK lob 
vrrwnjin Tninirmiryjti^ 

713 

vortebrol, 218 

cEni'] 4 :a]p 430 

Imnliur, 331; 
rhoTac^i 23?^ 

zyuyrruiticofuFljill^ 2 ^ 1 , 375, 

zyjjOTTUiUco-orbilHl, 351 
zyjjoniaticQtcmpDrol, 17 5 h 

^ 83 . 551 

. Foroepi, ttirijorp 1054 
iTunor, j 054 

I Forc^broin, 7fiH r^>7^ Sn- 
ProHj&cdphalDn 
I Ford-ijytp 82+ 181 
I FordbErtJ, 330 
I nt'tvcs, k 10 [ 4 II 02 , I 110 
Forciikin» 1503 


ifiton'tfitTicular^ of bnin, I Form of ctnbrvOj, 221 


looopiOZ^i 1056 

dci'tfioi^inisntp 133 

of hrnrr, 164 
intcr^ertirbrulj. 219, 231 
joipilur, a^O, 2^7* 

^fetrurtum txansinittcdt 
298, Ss3 

lacorum, 3S£p 2^^ 317 

ifiagnum, 2b5» 297^ 314 

nutnbbular, jofi 
mwiluidp 279, 2^7., igMy 3^1 
mffitEd, 30J, 30J 
jngc ^an^ftp 

nuirimtp 23p 431 I 

oblurfltorp 3gi2p 404 I 

dcx difTerrocOS, 407 
opiic* Sn Canals oplic 
ovale, of licart^ 7091 714 
at birth, 725 
oknure, ibi, 723 
doi-obpmentp ibt 
of aplietiohl bonr^ 279, 
itt4. 287. a«. 1^)5. 
3‘<> . 

paJatuus, |pnLlcr> 382, ^03 
lesser* 282* 283P 350 
pdriotal, 260^ 291 p 32S 
pelvicp of sacniin, 243 
postglennid, 322, 849 
rotu^iitiip 28a, 2S3* 2^4t 
29St3itf 

sacraLp anEcdor, 243 
poatenor, 243 
sciaiie, ({paiitr, ^07 
|«¥»cfp 308 
singulitre, 298, 1282 
sphcfiuidalK omiBsary-p 387, 
lyS. 31** 

tphenopuljEinCp 301* 

30J±14<^^35® 

i.pineisuiTip 279 p 3§4r 287^ 
394. 295, 3*7 
ijqtiarnjowd, 321, 332p 849 
Eternal, 10^, 25^ 
fitydomaftiuid, 1%, v^, 24^. 

325. 327. H*7 
Site cbanKpBf 3=7 
sypraoondy laTp of htirncfuii, 

371 


Fonil of Tnilscic*., 547 
FormacioPp hlppiic^nipalh 
1020, 1031, 1033 

[Ifktrlnpmcntp 140^ 1033^ 
to? I 

milutkon, 1020 
reticular 

of meduUa obliJiiRatap 
gSi. 1JS4. KV. 1076 
of m.ld brainp 991, 1070 
of poTu, 963, t07& 
of jpinai rnMiilbt 933 
Foimuliii, tknialp 1358 
FomiXp of brsiin, toji, 1035 
bodyp 1036 
Eulunma, 1019, lojti 
comniiasurc^ 14!, «Q35^ 
XO^lp 1055 

orum, tb35p 
deS'tlopn\ent, 140 
fufiodon, 3034 
reSatian to oorinw caJlo- 
sum, I4I, 1028, io 15 p 
lOj^a 

ventricle nf, *03(1 
ooniuncti'^^.l, ^259^ ti&i 
vagirkulp 1320 

FOSSA. Stf iiif 0 Rnccss— 
acenbijjar^ 48I p 5I t 
ftriicular* of temporal bnne4 
267, iSbp 38 Bk 311 
IfTOWtb chunRen, 317 
canine, 272, 34] 
cerebral, kleral, 143 
Condylar, of occipiml b^aiicp 
2S5J, 314 

corolVoid, 3^8, 37 ij 49O 
eranial, anEerior, 26^, 392 
Eniddie, 365. 394 

frgcturrsp 355, 356* 

xaSo 

mMtcriar. 165, 296 
cuhiTalp (ubp 779 
diRasiric, 303, 3^^ 
fcmotal, 1404 
Hoccular, 398 
for Hall-bladder» 1461 
hynbid, 1148 
bypopbyiiMl, ^94, 315 
itiBCp 391 k 3 V**. 397 
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FqUsA ! 

P 3 d 9 ivc+ 37-i aSin 3«K, 

34 i* 345 
ifKudii^ 1474 
mfmcUvkuliir, (^16 
intnupifiviH^ 358, 360 I 
mfinlempotuK 17 fl^ 
mEu^iiinlk Ijitcial, 14^4 
J4^4 

iTitcrc^ndylju:^ 41 418 

inii^rp&duncuiar. ^^8^ ID-E^ 
inirBibulh^r, 14^ 
ucliiorvcraK i44f» 
ju^lRr, 39D. 3^4 
bcnnuLK - 7 ^« 31114 
for IfUrtiliml pflll^d. 3^1^ 

13&1 

maliralar, 428, 43*, 44 fJ 
rnofulibiilar. ^77, 3*1, 33:7- 
St^ iib-o F.» nnicutfif 
113 

ndviirulim9i 14^ 
olccmnonp 368, 371 
Dvolii, of htrtftr 7*9 
ovanKtii 1404, 15 q8 
pam-reCisL 1404 
p 4 i 3 -vaical, ^4^4 

peritonea!^ £411. 

RconisS 

pirtfonri, 138ft 
popliteal, Sis 
pivtyuoid, 283. 3*8 

pEery^RopaLitini!, 2S1E, 

34 ^, 349 

radid^ of biiiiiema, 368* 371 
scaphoid, of auricle. 1264 
of Apltcfioid, 287, 

jj8 

itthoffTLiaie, 2^8, 3^4, 317 
lublinMua], 305 
fEubrnMndibular^ 30J, 30ft- 

njpT£i-%-c*ical^ 1404 
tcmporil, Z77t 3*^ 

tpatiliotrtrp of itirick, 1164 
trocbanicrk, 40^* 4 ^* 
ttodtlear* 374, 33 * 
rtftnian, 313 

vc«hbular^ 15^2 
Foveal, of borw*. Stv Fossae 
cenuabi rctiiiEtt 1343^ 1144 
smiciure, 1246 
of founh venmeir, *^7 
Fovcotir, RfunUjLr 3i>i, 339, 

Frenulum clitdridut fS’S- 
of iliCKSCfii vbKo, 141^ 
of labiii miiwjni. 1522 
linRUiTp I343i *37+ 
of Up*. 1344 
of preptt^e, zfSt 159J 
veil. 973 ^ 

drvchrpmcnt, 13$ 
FflPK«p synovial, 45 + 
Froftianfi^* lines, 41 
FmntjU booep 265, 33 * 
ouibcanDn, 331 
Btmeturc^ 331 
in iioicrior cnuiial foM*, 
ift 5 p ^ 9 - 

naall patf, IW. ,33^ 
in nonvia frontnli'p 270, 271, 

Uiemlis. 277 

orbital plate, 2 & 5 , 29a. 33 *- 

146s 

nfviomacb^ 1415 


Fundu-^p of utcru 4 ^ 310, 1513^ 

15M 

Funiojlut^p X08S. oflO 

FA^oi^tilS 
ftCparsTi^. 988 
of spuial niedilJla^ 930 
WtiertOT^ 93*+ 94* 
lateral, 930, 94^ 
fh^sitTiof, 930, 945 
Funiidap 188 
Furrow^ dLllUil, 13fl8 
naaoljibial, 5^7 
noso-optie^ i I'J, I49 

GaLuHooKlcp tjlft 
CiUlca aponeurotica+ fsl 
Gftll-bL^der, 1465 
applied oJiatijiny* i4'69 
Br[cjf>\ 79 '>^ Hftb 
chiilccytEogiraphy, 
drvdopmcnT^ 
fossa, 1461 
lymph dmirlajpri 9OO 
nerves, 1467 
iinictute^ 1467 
turffliS! armiomy, i+b-s 
vtriiw, H76, 1466 
Gametes, 6 

GAJSGLJ0N,38, 1091 
Jes'el<ipnu=nt, izS, 144 
Btrucrkin?i, I *9 If (203 
abermtit, 1144 
aeecsEflOjy^ 144 

iMTouitipofBciBb 144, 151, 
151 

acirricorenal, tuft 
auditory. iSw apimL of 
cnihlear nerve 
caniiHC, 7ZZ, 713, 1115 
oiiottdp iioCp 

«i%4ca1, inferior, 1*09, 

I 3 JD 

middle, [209 
superior, E 30 ft', 12D7 
of utenie^ 1331 
cervicorbaradcp iiao 
cil»ryi J097i ((99 
branches, 1097, 1098 
conncaiona, 1097+ 1199 
devdopmtrUp 144 
eoddcalp 15E 
cxxEbez^ 131 X 3 i 6 
compound palittor, ft4fk 
of facu.1 ncTTc^ I I7+ £44, 
J3I, £117 

of ykkSBopharyiiAejiJ nen^e, 
ri7, £44, 1127 
itnjiajr^ 1204, 1213 
httcTTti^iatre^ nio 
intrnnediitc, ifOZ 
Lanjlky'a, J355, J357 
lumbar^ 1113 

mesentEiict itlfeHor, 1319 
aupeiior, t 3 E 8 
0 *k, 1109* ti 27 i 
(iio, 1199 
devclopmtriT, 145 
palmar^ cumptiund# 64* 
panuTtnpiiihetie, T199 
devdopmtinrp 144 
pelvic. 1330 
phrenie, 1134, tat7 
ptcry'Kopaliitine^ I45, llOft 
onnnexiana, j io6p r 199 
laetaip 1313 
■phcMpdlatine- 

ptcty-gttpaJiitme 

tpinalp 931, 1141K lt44 


Ganglion 

apiiui1,.de% elcipEn«nt, iiS 
primilivc, XsS, 144, iioi 
stmctunc, IO91 
apindh of e*dalcar nerve^ 
1113, 1294 

devekpnumt, 144, 131, 
152, nzb 

splunchnk^ 1311 ^ 

viam-amuArte, 144 

sEelktep 1310 
sobliiiRUiii, 13 SS 

a^ubmanilibuhirp 1119 

lixx, Vi 99 p 1355 

branches, 1I23 
rtirmeaions, tiaa 
tlrvelopUletH, 145 
xupeiior, of glossopharyn¬ 
geal, 144 p £137 

superior of oan^p 

144. (i + i 

sympaiheilc, tzoi 

develofinentp 144* 

1201 

NiruetiirT, 1203 
cervical^ inferior^ 1209 
midJkp 1309 

supenarp £ 306 p 1207 
fualon oft tzo] 
tufflbar, 1=13 
pelvic, 1313 
ihomdc, 13 tt 
trigem inalt 1100 
ancry; 7^, 757 
dcvelupment, 144 
mibice anatomy^ IlOO 
of urereit I4S2 
uimne* cervkaJt J 33 i 
of vagus, infcnori sijj^ 

tt?. (44, 

superior, 117, 144, ij33c 
vertebral, i 3 xo 

I Vralibubt, Itl^p [ 39 | 

dcvelopmentp IgX, 153, 

Ganglion erBt^ 138 ^ 144 
Ganglion ridRe, ia8 
Cenes^ 5, 65 
dominanip *65 
recesw^^p 65 
(en-hfiknl, ftft 
Genctii^ human, 6^ 
Gcnicidum of fedal jierVc, g6§ 
Geimaji. srrio of,^ 1036+ 1045 
GenilaLLa, otier^, female^ 
1541 

developmeuXr ^t7p 

333 

Ipnphatic diaUiBRe^ 896 
nuiir, 1500, l^Oj 

dcvcIopmEnt^ 317 p JxSr 

aza 

lymphatic dr^intge, 89ft 
Genu, of corpus icnUodUlnp 
1028, 1053 
of facial neivc^ 1117 
Iff intemal f^psule, 1063 
Germp dcnlalp 1368 
Gcrm^lkp female, 55, ztr 
male, SS, 3 il 

Germinal cenifw^ of lynTph 
node^ 881 
of lonailp 1386 
Gertn-discp 70 
GcatHlinn, tctopier 73, 15IZ 
tubal, 73. 15*1 
Giamizzt, ertscenia of^ 1356 
Gingfnniia, joint, 455 
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GzrdJcft^ limb, i:«mpikri*Dn,' 
3556, 364, 40,1 

pelvic, 35fr^ 433 
rtJTicMn!^, 5041 
h(H•noU'^^y\ 364* 36s 
tiirchiijniajTi. 5D9 
sboiiJdcr^ 3S6g 403 
hemulnuy, 364, 363 
^ 4S0, 4!^ 

GlqhcMii. >70, 330, 3,ii^ 

GLAND, GLANDS— 
ntuiL 1443 
apocrine^ 1302^ 
aicoiaTu of Kloridi 

arytenoid, 1317 
bronchial, 1324, 1340 
buccif, 134^ 

bu]bo-u»tbn&lt 14^0^ 1507 

deicbpiTUfiit^ J17 
hOmOloRUc, 

Trlaticm to umhfV, 1490 
structure, 1507 
cardiac, ol* imnuicb, t+so 
ceruminous, 1302 
ciliary, 115^ 

duede^s, 15^27 I 

duodenal^ I43I 
fundiu, af alonwh, 14^0 
Raatrtc, 14^0 
Kcniial, fcmuk> i5oit 
male, t^tjz 
dev'tlopinrfu, 211 
holocTitio. 1302 
of mtcftljnci, Lori^^ 1447 
unalL 1430 
labial, *544 
IncrJmnl, 1261 
development, 14(1 
•KretOinnCor nerve, t tO t ^ 
3104^ tjn6, 1300 
suruEHiirc, 1262 
of ]ur%TiE, 1312, ijlii, 1317 
lini^iial, 13^0 

lymph, Sft Lymph nocies 
mammary^, 1523 
applied otialOinyf 1526 
arteries, 770, 777* 7^, 
1536 

dei^clopnicnt^ 124 
^tty tlnue, 1534 

lymph vweis, 8134, ^5^ 

of male, 1336 
netvr*. 1526 

Btiurture, 1524 I 

aurfajcc wuHnMUy, 1523 
vcina, ^Js7, 1536 

luemcrine, i 3« 
tnolar, 1345 

joucmi^^ of inicaiuica^ 

J430, MJt. fU 7 

of larviii^, t^ta, 1316^ 

of Itpo, J344 
of now, t 239 
of palate, X3-f6 
of tor^pie, tjllo 
nasal, 1I30 
uraophagetd, 1395 
oxynuc^ 1420 
paJatine. 

parathyroidp t^JO 

development, tSj, J53I 
pdaitian, 1^30. 1331 
stmotune, 1531 
para^nrethraE. 1493 
parotid, 1349 


' Gland,, Glands (foirl.) 
pamild 1350 

nneriefi^ 1352 
lievelopmcni, t^z, 
lymph diaitiage^ £^87^ 

oxri'cs, ?t&9, njo* T 30 Q, 
1352 

rebtiorifii 30^, 458, 1350 
TO [35a 

aUfograpliy, 1357 
airucture, 1356 
tlirfuCr anatomy^ 1352 
VcuiB> $381 1352 
preputiiil, 1303 
proarate, Prostafei 
pyjciric, 144TO, 1441 
salivary, 1349 
Accamty^ t3S7 
development, 18a 
amietuic, 1356 
iebaocoiis, 1301 
de^Tlopmeni, 124 
of toftgue, 1380 
of ^rtoi, I34 Sj 1368 
W^ual. Sit G.f genital 
Cil sToiiEHiLh. 1420, 142E 
sublingual, 135s 
dev'elopmcnt, j8z 
nerves, riaz, 1199, 1355 
reladons, 1355 
iiaiography^ 1337 
StnJrture, 1156 
Siabmnndihulpr, 1351 
arteries, 744, 1355 
deveEcipment, 182 
l^mph tiodeiK iUiT 
nerves^ It^t tt99^ t2S5 
relations^ ^353 
structure^ t356 
auikirirerguft^ t^oa 
dei-dopmenl, 124 
suprarenal^ 1534 
aewsory^ 1536 
applied anatomy^ tyj8 
ariErieSp 153S 
dcvclopmciit, 145 
fcctnl cortex, 145 
function, *5^ 
lymph vesHwhk, 898 
nerves, 1217, 1538 
reldciortfl, 1335, 
srructiire, J537 
Vcina^ 

Bweat^ 124^ 130a 
taraal^ of eyulidfl, 149, IZ59 
thyimia. Ste Thymus 
ibyroUl, 1517 
ncoetsoryv 1^28 

■pptied anatomvj €530 
ancrica, 735, 739, 772, 

* 5 ^ I 

capsule, 5^6, 1528 
devekipmeni, 183 
lymph i-euels, AS9, 1529 
ii&flj 1529 
smicture^ ijaS 
vcin^ 83M, 843* 858, 1529 
of tongue-i, 1380 
urethi^i femiile, 141^3 
male, 1491 
mcrinr, i>j, 94, 1517 
Vt^cibuiar^ greater,, 

dm-clopmcnt, 2x7, zzo 
leaser^ t^ 2 i 
Glaiu clitoTidu^ i^2z 


penis, 1503 
Glaucoma, 1237, 1248 


1567 

Gli^ricm, capBule of^ 14(13 
Globus pmlliduE, 1066, JO76 
de^cneratjon of, 10^7 
atnu-ture of, JofrO 
GlomiCruJusH axomtlH 1091 
ol kklncy, 1477 
tnicmid and external, 204 
of mcaOiiephros, lo^, iob 
of nen^ RonKiiu. 1091 
of olfactory btllb, 105® 
of ptonephroiLH 2C5 
of sympalheiic j^unglcj, 

J20J 

Gttenuj^, 740 , I2i> 8 
jugular, 1534 
Gloctdi. AV# Folda, vocnl 
Go-blet^cUs, S, 1329 
Goitre^ 1329. 1530 
Cklgi, apporaius of, 2, (12 
electron mkrToacapi-, 2 
cells of, 934, J03S, 1039 
CoDiphosis, 4|i 
Gnuiiulations, amehruiid, 108.5 
Granules, COIW, tif mtitla, 
1244 

melanin, 1296^ 1297 
mudoogeiij 8, tjsh 
ncutTophi], 4fi 
NiBst's, 40 
oxyphil, 46* r532 
of ponctiiatic islct-oells, 
*455 

uf Poncth, 1431 
pigment, tO, 17 
rod, of retuiit, 1244 
xy^noHenic, 8 
Granulol^ie 
basophilic, 46 
cUsinopbilif:. 46 
neulTDphinc:^ 46 
Grucive. Ste ofm Sutcus 
alvcublahbl, iSa, 1368 
alvcolotinguul, 182 
anjtl, inirrapbituiteric, 1443 
airiovetitriiilar,’— 

Sulcus, coronary 

for aui|kloT3' tube,' iSs. 
30 

bieipttdl, 3*5, 5*8 
camiid^ 2i>4 
a>4ia1, 258, 264 
hlfna^rbital, 273, 282, 342 
cntcrmtjiaE, 704 
bitenphitTcirrie, anal, 1443 
biterveurrkular, 704 
bbbh primary^ 182 
bhki^lptigivaL 1368 
lacrimal, 273, 2r74. 53^ 
Jarytiaotmchcal, iSiW, 200 
myloh^idt 505, 306 
nasolabkh 1344 

nasnlwtmah of maxillii, 
338, 344 

netinih 7*. J25^ ail 
ebsure, 77 
obturator. 398^ 399 
occipital, 323 
optic. Z92, 294, 315 
palatine, itreatcr, 282, 345, 

for peroncus longus, 442 
for phxryngTPtymparitc tube, 
38s. 30 

for poplifeua, 417 
pteryanp^lafine, 349 
rfiornbtc, 131 
subdii^'ian, 3A3 
for ironsverse lirius, 298 
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of jMs 

u^thrAi 
ilotinicivr^ aiM 
printar^^ ^iH 

for itna im^TI infct^^^^p i+Ql^ 

MSM 

\'CrEdi™Ii Ayl 
<j!rnmid-siixb»tancL\ ti, 12 
Gtfiwth, 55 
uf boru^p 
of faniin, m3. 

■i 3 f.efnbr^y», J^i 
UrJ^KfltHTfSp 56 

of ikyll^ 353 
GtibcmiLiilum 4 i!nlt&k 
uf i^vury, 3 Xf», 330 
itsrb, i 15, 330 
hDcmoto^Lv 1^0 
Ciuddaip cnmmusurcofp zoiO, 
lot’? 

Gylkr fEBOplMifluft 

Gottuw 13.45 

dpl-rlopmcnEp iS l, I Hi, 

1571 

Kym|ihiith 3 , 134s 

lfVerv«H 1345 

Gilt, devrlopmofitp &1* iSi fu 

3 W 

jiltnmrniEiiicios in, 195 
fore, t^l 
hind^ to 

iiuJratiitiDn, 14^ 
mid* 141 191 

podtnraniLl. 1^5 
rotation^ l^^l, i^ft 

Guilcr, parucotb, 1413 
Gyrus, Oyri— 
an^tuhr. 1017 
corebrAip lOii, 1013 

dcvetorpmtnt, 143, loia 
cin^uh, 1001, Eozo 
cund, 1014 
CLLFiPolrOioul, JD30 
ctcDtBtr, 1033^ roj4 

dov^^upiomt, 140, 14^, 

1 D 33 

imictuix, losT 
tud of, 1033, 1034 
drk«mlcfu, tci? 
rurtCHtlirit, ro34 

rnKItflJ, Infcriorp 1015 
lordialp lOlH 
middb^ 1025 
iupciiur, 10? 5 
[nfrdocki^, 1034 
lotniiLmbk> 1033 
lingual* 1030, 1031: 
of iniulHp ioi7 
iTifErior, 1017 
RuperiorH loi? 
occipitotpfnpoTiiL SiCEml^ 
ro3J 

itu^uiL 1031 

*42 

orbitul lOOJ, lojOi 1043 

phoishippocompfllp 

teas, toil, 1033, f034 

paTattmitnal^ t*lH, lOjT, 

103s, 1052 

posterntm), 1003^ 1016, 

1044 

prmnfrab 1035^ Mo^t 
reoruip 1030 
$hort, of iaflub* 1037 
«ptcnul. 1033 

subcfi:Hi>fliL Sn G-, POTTI- 

trrmirul 


GyruiS^ GyH (cfiufi,) 
AupramarfiLi^. [017 
lempornt, ioftrtor^ rsiiddJr, 
flupirrior and traus- 
wnt, 1016 

truniiliunal, d^ep, 1015 

f[iriUa|CHpi>i»ijiH Si 
HiEfnDci'toblaat^ 5r 
IfiVFnogJuhinH 43 
H 4 .^iaphilia. ^ 
Idii^morrhii^^pofi-panurup 97 
Hftir, isgij, i^ook 1301 
drtcltjfpinent, 114, 

130* 

growthn 1301 
^tnjcnjrr, 1300, 1301 
gu^Siratni^-, il 33 
olfaEtniy,. IzJO 
Hnir-lHilb, 124, 1300^ iJoj 
ffub-follick, 1300, 1301 
nertE midinjiri on, 940 
Hamate bwiE-p 3^1^ 
bonvdn^y^ 443 
€iwificaiion+ 391 
HomsttinKiK fif70> £171,671 
applini anutomy* fi 73 
HaiAljiu&^ of hamate boat, 
jHj, jSfr 

IjKiriiiiJib 174 p 3 jK 

ptcoKoidH aSj* 318 

ti 5 £ificaEjDn^ j lO 
af spiruV lEnnina, tlHj 
ifaiid, arttHca, 784, 7HO, 71)0, 

ro* 

bont:i 4 , 381 to 

comiutri&nfl, with foot^ 447 
dcvelopniEuE, lai 
faKb, £|^o so 
funcioitiRp 44H 
joifitft, 497 10 50s 
]>tnph dtainaile, 8ija, H144 
uHuicTOcfiti^ 49H lo 304 
museJeft^ 640 la 651 

J4egmf3ii^ imumaiLon^ 

05a 

nervija, li^, Iili4, 4*65, 
llf^7 

vtirip, a.s4- SiJ, S;: 
l lamtle of mulleiu, 1276 
in fyrnpdnicr mEmbraOe, 

t4£>9. Ii7a 
Hare-iap« HS 

frjnrtmsnn, SH> 14 idl of, i4f'b 
HjisuII, urpu-tekt c»r, 1540 
■dcvdopniem oF, 1H4 
llaiulfatlatu, 1433, 1+47 
Ua^-^raian csnalvp 13, 14 
HeadKap^ of Ji^Krni. <» 
J-learing 

of, 1193 
organ of, [2)64 
HEAHT, bfM. 704 
ubnamialitiEs. 726. 717 
*prt, 70j 
urtcricfl, 722 

ftirm, 16a, fiti4* 707, 709^ 

7J1 

itructimfp 7tn 

etriovtnEdrular btmdle, 
711 . 7^0 
b«ie, 704, 70s 
chnmbtnu. bii4p 704 
E^nhc tenditlie, 711 
oirciiblion^. in 723 

canduuiini^ ^ictnK 71a 
CUUKtoitaJ Jinncttolicv. 72fi, 
717 


Heart trofflr) 

devdopmont, Sb, 154 ta 
167, ill 
ganglia, 743 
infuadibuluTTi, 71a 
lymph dniiimj^t, ot s 
706 

maJeriiEajr band, 711,. 730 
mujoihiturc,. 719 ^ 

nenm, 722^ 1135, E lOO, 

rlPYp 1109, 1115 
ruidos, 72Q 
artficos-p aortic, 714 

attiEiVEUffiajbirp left, 713, 

. 7i4 

right, 7 lo 
milnil^ 713^ 714 
puhnonaryp 71a 
triempid, 7t^ 

papillary' miiocIgR, 711, 714 
pmlfmte muRoka, 709. 713 
ndiologicd uppt^ininoeRp 
717 p ^331 

iwpta, 694t 707. 709 k 715 
ainai, 7^7, 709 
_ vmiriculnr, 71O, 7IS 
the, 7<H 

StruLimru, 717 
uixfat:^^ onaEamy^ 713^ 716, 
717 

turfaizn, 704, 705^ 706 
trobeculir oamef, 710, 7*1^ 

714 

VhIvcs, 71D, 7J1, 714, .Sjw 
afj$> Valves 
ctevcfopmcnx p 166 

fciiQfl, 708, S36, S37 
vnntricrc«, 694, 709, 713 
simetuiT, 719 
w«:igbtp 704 
Heart blcKik, 711 
FielicDtrEfna, m8i, 1183 
dev'clopment, j^i 
|[eliie, 12^4. *^2*5 
4EX'Clnpm4?ni, 15a 
Hcfnianopia, bllemrxuiil 
ituadianiic^ 1013 
homanymGiii, 107^ 
lUmipIqria, 1D70, 1079 
Hemiap^rei, cerebellar, 
670, 9^8 

Cannexioi!i^, *077 
development, 134^ 973, 
974 

stmclute., 07+ in oBi 
cerebmb I03i. St* 
a£tp Brain ind Cereb¬ 
rum 

assoelatinn fibies, 1058 
barren of, loii 
oclb, xcjfK ti> E041 
COltUiittiaiUTs, 1032 
devekipmmtp 135* 13S 
g>'Ti^ 1022 to t03r 
interior, 1056 
lobes, loi^p 1026, 1027 
myeliii1atkm« 1052 
polca, 1022 
proieetion Ebres, 10^1 
, structure, J036 td £041 
«u1d, to2l to zn3] 

surficci, kifetior, 1030 

Tnedi2tr toiH 
orbiial 1030 
fupemlateml K t02J 
lentarlul, J030 
^'enirtcles, 105& 
white rruiner, 1058 
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Ifiiyerof Eiair» | 

loapk of ^Ldnrvi 1477 ^ 

HcnBcn/a ccIIa, ElqJi | 

lin«, J3 
»tjipe, 1393 
I [crnlity^ 65 
BE-rnla, 1449 

diaplsmtfmfltit, ^02, ^04 
rxtemai, is-Hm 
*' remDralf 1450 

rcliticm^ to abnuttml ob- 
tontor irtrfy', Ip 
tn^ujEuil, 3lb, i 444 jj 
uf ai6 
iEiienidt, 1411 

umbilical^ 11^. [45, 

232 ^ 1451 
dcvclqpmcnl p 

HcEtfrotypitiiS ccJJ diviftioti, 5 
] bj 

IJJaiya. Sff A-ptetiirt: 

iind 0[Knin|l | 

E^thnuoidal, jOl , 393 
for (ffenitr pctRi^al nrrvcp 

agSi 314 

mi»dbr>% 3 *Ji 3 +J 
«icTal, 1431 24b 
actoiluoids, J&lt 5&3r 
Hiliis kidney. 1473 
of luji^. Root 
of Ivinph hcxle;, ^79, 

'^WJt 

nranwiiKulAr 
nf tntuKitf. 549 
of tp/ecO k 154^ 
l Uiul-broin, 7b, tl^F 13'®^ ^^ 7 ^ 

l■JL/:FuRhy mbifncopbBlan 
Hind-jpJt, Rj, igo t<i 
Uip-bonr^ 39a, 397 
lioetabulum, 39s, 401 
compariwo, wirli ahouldcr 
j^irdte, 356, 3O4, 403 
epiphytes, 4*3 
iUiim. 393 to 39^ 
iftchiuto, 3132, ii >9 
niirrieni aiTCfirt, Hr^r J**S 
iiasibnition, 4 A 5 x 4*3 
in pcVviRk 40J 
pallia JI92* 

«x diffenmofs, 405 
sErucrtiDC, 

liip-><^iiiE. *w Joiiitp hjp 
f tlppociunpid fomiaE:miEi* ip2a-| 
idjj 

rV^lytHin, 1020 
lUppocsLmpus, 7033, 1034 
Conimiaaiilx\ 103b 
d«%'Cioprncnt^ I4*i ^ 4 ^ 
functbna of. Eej 4 
atruccure (nfi 1051 
HiaboryTWp iS, 47 $ S^ 
KtHtoloRyp litp I 

Hclotnne U*! 

I l^nnuldrii^'f serial* xxil ^ 

I fcwnotypical cetE divtuofi, § 

1 lorTHN^GOTCS. bs 

Hwk, M tiamfiTr bone, ^dE, 

j»b 

aurfia-cc amiiorny^ 381 
tlorianntal ptanOp X^ii 
Horw 

qF bilentl vctitriclcg io57t 
J058 

of fnrdulilD spjn^a, 933 
of thyrcHtl i 2 inili 4 tPh 
E 3*4 


Humerus, 3&5 p 368 j 

dpplied aiuttomvp 373 I 

earthing 36b 
cpfphyK4, 371 p 372 
rnactunt, 373 
uotricnl aricio', 7S1 

371 , 

auirfjace anitttimy, 3651 ^bfj, 

tonion, 

Huniourrk iiL]urOu!^, 1248 

vitswm, 124^^ 

Huxby'i kyof of huijf, 1301 
Hystopbirin, t 

HvxitoctiltfpOfepididymb, i4yb 
of spcrnioElc 2Ebk E49b 
of tunics vjillptuLib* 14111b 
Hymen 1522 

devclopineuf, zii 
Hyoid oanr^ 30^^ 310 
dci’Elot^tiient, ii8p ity 
tnnvrnwncK, in cteiilmElinu, 

o^rifkariun, 310 
BijjfsoE atiatomyi 1318 
Hyperathcnic ”p 1359 
itypodiondrium, 13^*8 
hlypogasiriuto, 1391? 
Ilyponydhium, 12^ 
lEypof^Hyaitt cer^iri, looy, 
suit 

upptinl imiiEoaiyV JDI3 
srtenpi, 737+ 
cells, luU 

develiipEnent, 138, 185, 
hnnucmc^, eoij, J013 
I L^'poapajdiaa, 210+ 12 J 
l-C^-pothalmniJF, 098+ lOOl, 
iuq9p ioi3p ioi4p E013 
Jevd<i4tment.« i3b, i 37 i 
riinciian^, E009, iquj, 1015 
J [ypolcmiftp 

lloucR, 1423^ 1417 
eppUrd 4iuhloiny+ 1441^ 
uncries, S02* 1431 
devcSo|«nimf, 1S9 
Jaiuph dnin^^, 902, 141^$ 

noduBt yoi, ^>02, yoj . 

mesentery’, j+oa* 140+p 
1409^ 1+27 

mucoUK fnisrubnincp 1428 
ncrvdp XIE^, E43=^ 
vcicBp876p E432 I 

IHump 393 to 3^ 
in iicnAbuiuTiip 40E 
bomolotruo, 3b4 
mitricnE foramina^ 397 
ouiftcBEiffli, 401, 403 I 

in pelvis, 403 
flen dilfereriGd, 405 
fitruCtillTT 4*4 
aurfaer anHiMUyp 393 
litihedding of ovum, bH, 89 
Impros^ioiia, on liven M 59 
to i 4 bi 

(Mi iimg, E 33 S^ 133 * 
on flkull Oaip* 

<tn liplceh, E544 

trigeminaU a^S* ^^9*+ 3 =^ 
nervous* 913. gift 
ylH, 919* 1071 
pnypriDcrpTive, ya e * 925, 
<j2b, 939 

tneiaurn. rt/ifl Notch 

apid» eordw* 704 
of intdulUry sbtalh* 43 


TncoEninenfr, 1079 
rnoTj-einJinarimi^ 93b, 1077 

InoiLB, X277 

deyeiopmont, tl8, 152* 347 
toovcTneom, 1178 
oaiiricAEjoiiH 1^77 
Index. Stt Finger 
Index, crarliolnuiCilL 355 
EndiiAiliiti grbrum, eOJ3j 10^3 
developruent* 142 
Inferior,'' sxri 

lururkiiibuJum eihmoidalc, 
30S, t3b, T 139 
of frunEol air-MnuN* jor^ 
13 * 

of hcortt 7 E 0 

of hypupk'k'sjfi corebri, lOO*i^ 
' ron 

devclopnKEiri 137^ 999 
of luni^, 201 
of uEvririe tohr* j 5! 1 
Ini^inuJ region:, 1398 
Inbibitinn, 03b 
Inion, 177 

Inlcl of larynx. 1309 
of pelvis, 40J, 4*4 
of thorax, iha, 2^3, 702 
(nnerxstioti^ di»pro|Ki'irriunaji 
1077 

reeipnicBlr 550- 
aegintnifl.1 

of muaelo, 119b 
of ^kin^ E191 
of viscera* 120.3 
InacftiEiii of muscles, 346 

Insula^ ID17 
dr^x'loprnenE, 142 
npcrcnla, 1:417 
InEefition-ireinor, ySb 
'" Intemar,'' XJliii 
I nteroceptonif 922^ 925 
Interpnnclal bone, 314 
fnienwxrtiofu, teudinems, 579, 

5^. b: I 

of ntoEUn obdoEitinb, ^yb 
of semiteOJ Liun^OVp f^l 

Enlestiue’ 

csceum. iSsr C»cum 
CTOMUtn. A'ee L* Isrge 
rocruni, A're ftectum 
tenue. Sfi L, snuill 
largep 1432. rl/fO Colon 
arterii^. 8ai, 843, E448 
convpari^Qn, with small, 
< 4 J 3 

dc^^loj-Ttment, 83* 190 in 
19^1 

lymph drainage, 941, » 

uod», 90L, i^2p 903 
Rrr\'es^ 1200, i2E8, 1219, 

1448 

pentoneum, i4ft2p 1443* 
1408* 1410 
mmiian, 190, 191 

structtLie, 144* 

Burfoce aEiatomyf 1433 to 

1438 

veim, S73, 87b, 1448 

jeju¬ 
num and Elcum 
applied afutOnty, 1449 
Mteries, fi02, E431 
ConjlE^niEpI HtriotUre, I 9 |E 
de<E'elopnKinrp rflifj 
lymph dfjiiruigc* 9*^114 3 ^ 
nodea, 901, 901, 9*J 
meaenteri'* 1442, 14*4. 
1409, 1427 
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INDEX 


J370 

latestine 

anull^ m^rvc^, 11 1 ft, 

I43J 

pencjofieunu 

T4^^9 

tuiation, 14)0^ iijt 
fttnjEztiirc^ {437 to 1431 
vt^b1»^ 

Invcruofi oK joot, ^37^ 538 
IhdopIcuUp rcHts, 1078 
]Hsp 1:^41 

dcxvKciptttcmi, 147* i4J> 

AtnJcttJTCi t£4^ 

Iscbium, 3yJ, Jlyy 
llotTiQlaipi:^ 364 
aaaii^caticin, 401^ 40^ 
MmcttiTen 4i>3 

bli>Ad, r57 
uf LaJH^thuTM, 1455 
[sthmuft 
aonict 170, 73Jg 
uf diMJiiory- tube, izys 
of 4»x|efTTol aCdUiitk; 
liftj 

of fduccs. 1., nto' 

ptuir>-iiKail 

of ^^1^ anicuti, foig j 

orophil^'H(l»«3, iSi^ j j43p 

i3»o [ 

oF iiiiJiKit'Kpcifiiiiripd^ Kj'nuip I 
loiy, 1&31 
phuytit^cmE, I,l8j 
nf phimiKotyitipenor tube., 
.9 h 1. of LluditOry tube ' 
of ptmtflttp 1504 
of riKUnbcfM^KahrtiK 131 + 
IJ4. Ul 

of thypikl rIohJp tSj, t5i7 
oF UKcHnr tubfp 
of Ut£Tli^, 1515 
Tvon'* Sfr Dentine 

Jdck^n'f TficmbTirte, 141 j 1 

ficobiu^ui^iorpau, IIS, 
J^nutn, 1413. *4^^ 
ipplicJ nniiomyp T440 
AJtrhi^p ftoz, 143^ 
development, 

Lympb drainojtoi qQZ, 143*^ 

I 4 J 3 I 

nodcfli go I* U03 

l4Mp 1404+ 
I4(!g, 1437 
fteneSp. ijift, 1431 
RtructiirTH J4J7 
veitiip 87^, 1433 
JiiHy of 3 VTiiiffonp 17 
JOINTS* 4S* 

C*|»iuTe, 4$0, 454 
covity. 4SO 
cliiuiAutLorip 439, 

lirvelopment, 133 

450 

functionip 450 

mEivcmfOtm, 450,45 j 

+$? 

ctrueturc, 45^ 
bal] lod wdtf t* 455 
r«rt3litjniioun> i-t3+4So* 

45 ^ 

ctindvloidn 455 

4^5 

diprthrodiil. Sm 

tyno^nid 

libroutp ri2, 4S0. 4 ^^ 
Kipsfyvnuft. 455 
45S 


JOlOtS 

^^phonift, 451 
binip:, 455 

Jind KKkctp 451 

pivotp 4S5 
plane, 455 
!MwldlCp 455 
pyiurCp 3 b 4 ^ 3 S 3 , 4 Si 
»> 7 tipb>‘aiai tuia iwi- 
i;hon 4 p»i». 

«yiidEsrn04t>, 
i^^Dviulp laip 4S&. 452 
cLissifkiitiot]. 4^5 
tfochod* ^55 
wedge Brid irmoi'e, 
45* 

01 Audlior>'^«« 44 deft, 1177 
of fifiuem, 503, 5&5 
of fool, S 3 S *<» 545 
of hitnd, 497 10 505 
qf laryTt^, IJD? 
of Eimba, tower^ 511 
upner, 478, 4^1 
of peU-i», 5of»p 50W 
of rib*. 47t in 47S 
elf oirtruiiti, 475 
of ibunucg 47X to 47^ 
of tm, 543, 54^ 
of %’ertebrul eolumfl 461, 
to 470 

dolocationfl, 471 
mo4'cment«, 153, 465 
stcrofiiioclovicutAr, 470 
iinETtfO, 480 
movemcniBp 4^0 
tlcr\r», 480, 1157 
■uklOp 531. J. talo- 
cruFol 

aXlsnlo^ulMl^ 4^8 
movcmeiiTA. 47° 
atUoUi-pcdpitaJ, 470 
tiioiemeni*, 470 
culE::an«>cu1>oid, 538 
4urfaoc Btuttomy, 538 
carpu], 4JJ0 

fnovcmeittiFp 500, ^Oi 
lUMTCSp ilb7 

carpontefucAETiol, 501, 502 
of thumbp JO I, 301 
coccj-geaJp 4^7 
o^Piocetsiml, 104, 105 
emMcbcFtidml, 475 
eootiPtfmii9v«4e, tosip 472 
LOfltPvertebral, 471 
cTKoarylcruud, 1307 
cricotliyroidp 1307 
in^^buHlronaviuuLnrp s.io 
cuFicoaibokl, 349 
c:UOi?t;itietatariwiL 54P. 541 
mncorui^'icular, 539 
digfcuip of 303 

Ilf tm, 545 
elbuw'p 48H 

applied anatoinvp 40ft 
f^nenet, 401, 7*^3 
urticulix aurfac^ 

J 73 , 3 »«v l 

tnovemrOlOp 403 
iict™+ 40lj USW, 1161, 

11*14 

pail* of fat^ 400 
ayiMHud n^rmbratte, 490 
fjfporopjiiebdr. 518 
rmlorTiribial, 518, 533 

^plied anatapTiv, 51S ! 


Joints (iroaid 

hip, arierie*, 5134 814, ftt^p 
8 i 3 p 834 

irdcular ^urfiKO^, 401, 
40b, 408. 410, 5*1 
avnp^riwi, with afamiU 
der, 513, 3J*1 
Tfio^-mtCtlWt 515 
ncrveti. 315, lt7&, *i79>i 
llftOp IT^ 

rclmionip 514^ stj, frfi? 
Mirfuce anointpy, 511 
likummrMdiaJp 488 
humL'TTvulnar^ 488 
iiiEiKlGmalleoLar^ U77 
incTiidqalapcdid , IZ77 
intercan^k 409 

moicnwni*, 300, 501 

none*. 1167 

a^Ttovta!] tncmhtmne.p 500 
iiiCcnihondtalp 475 
tntrrciiineifomi,, 34O 
intcTTnemairpBL 50^ 
tntermeloiaradl p 541 

id ruigw* 

505 

nrtyv», 1163 
of tmctt, 543 
bitertanialp 34J 

nen'ca^ tiKb^ tiSS 
mtcrveitobTalH 4b<+ 4*ij 
4 <iJ 

niovenienu, 4*5,4<jfa, 4^7 

kneop 51ft 

applied aruiti^>\ Sly 
arteries, 548k 834^ 817^ 
U28, 8^9 

arrifiilar lurfacc*^ 415* 
4jft, 4iOp 411, 433, 
518 

hurau: arouiidp 517 
locking mecfLuii«Ti. 518 
lymph dramBRC^ K96, 898 
movcnieolx, 339 
nerve** Jjft, 1176, 1179, 
ii^Sp J188 
rebtiomp 317, 528 
surface anatdiiny^ 518 
Synuvia.1 mcoihiiLne, 510, 
5it 

LuniboE! 3 cra 1 . 510 
maiiciibuUTk 438 
applied nnaEomy, 4b t 
artenei;, 460 

anicular Kurfieea, 1117, 
i8ij, aftSk 305, 306, 311 
movementBp 400 
ticrvesi, 4*10, 1 
Tnaoubtio&iettlaTp 475 
metaciirpophalaOH^p 503 
movements. 304 
nm-cfl+ iibi 
aurface apatupiy, 503 
tnemtoriKopbalfngM, 543 

nerve*^ jl87p I *88 
surface uoatomy, 541 
nudoupeiL 499 
ncumcential, 149 
phalan^l, of fingerftp 503 
p^laafCejfcJp of We*. 343 
pisotri^uetmi, 
radioCAfpol, 497. alio 

J., wrial 

rirdtg-uJxuir; 403, 494, 493 
movymenl^r 495, 496 
difitikb 495 

articular »Lirbic«, 376^, 

37*. 4 V 5 







Kiph 

4S7. 


jDinu (fcwTf J 

radio-uii&Ar,m]dil]r« 4^ 
proKinui, 493 

urticubf KurfaLZH, ^73^ 

J 7 J. 377. 493 

PfHirDcoccy^lH 4*7 
»crP'Ui^t SO* 

Applied fumiomj, 511 
anicylrtr »Ljrfsic«, 5441 
■ 24 *h 397 p 4 ^^ 5 ‘^f' 

mO^Trrttfnt*, JCMJj 510^ 511 
in ipcchaninil of pelvLv 

509 

in pr«(rniiiiEly^ 5^ 

Ui weiulit tnm»mU«kin, 
59 'i. 5*0 
aKouldcr, 48:2 

upplied jruttffmy. 4^^ 
o-ncncAf 4^^ 

HitimUnrr tutiax^i 
jfts. 41^1 
bunw;^ 4S5 

ctHtipumon. with 

mavcmEnni^f 4 ^p 
4 Bli 

ni^fVE^, 48 Sk E t 57 * 

483 h ^^5 

AyntEviiili nicrabninfC, 484 
ntcrtuilp 475 ‘ 

ftlrmoclAViculvt 47H 
applied QtHitnriiy, 47V I 

0 rE«ri«£p 479 I 

movi^VtnitB. 480 [ 

nenea. 479^ 115^ 

Airmocti«Tiilp +74 
Kubtfl]^, SJ 5 

■urfaceffp 438, 4J7 
rno^-emcjits, 536 t» 538 
fymplniHii piibi*. 452, 508 | 

tuiocaicwcaiif S 35 , AV J-p 
syblAtar 

tiiJGca 3 cancon«^’i<:litaf. 55 * 
pjtifrular i^urhiMp 454 ^ 
4J% 53 * 

nvcivcirusnlVH 537, 53 ^ 
turfiicic muioitiyp 537 
talocrunitp (anklt)^ 531 
applied rtnfltomy^ 534 
arterimp 533 

artimlELT tudmtAt, 4-7 ■ 
4it|, 433 h 55 * 
maTpxmefitip 533 . 554 
ntrvM, 533 
trldifnmip 333 
btrsiJ* S 35 

nervea, llW», 110® 
lynovia!! ni«Tibiane, 

542 

laT»Dm«tAtBxs 4 lp S40, 541 

tllpiTimaits, 541 
iicrve>p lift*, iiftft 
liurfft» analoiny, S41 

fcflipnrainiinijilMulflrp 
4 ftOi 4 ** 

libicflbuUr,^ 530 

531 

ontculatitin, 53* 
syndntnnvbip 53 *n 55 * 
tranwerBe. of riniw, 558 
9 f vertebral itcbna, 4^*3 
of venebrp! bodi«, 4** 
wrlUt 497 

artcriftir 498.7^^783.7®* 


INDEX 

JuLfite iftrnl.) 

wrkl, nwveincfll?t, 49H 

nerve^t. 498. 11*2, it *5 
flpriace (mattuny-p 407 
xipIliatcmalH 475 
Juj^ylu Rlarniia^ 1534 
Ju^m splwuiaidale, 294, 

315. 319 _ 

JuiKTtiDnp ATKirccifllK 144J 

sclcTocOffital, 1237^ 1138. 
Tibo 

Juncture. *Sf^jDLiiis 


KnryokiTiefib. 4 
ICiityTiplaani, 3 

Keratin, lO^ 

KcntDh>iLlin, g, 12<>0 
i Ki-doeyp 1470 
ftngmdictf^ r+ft* 
applied anatumy. 1480 
nrtedea, xOti, ftoj, 147 ^ 
development. i*4p ^* 7 . 2*8 
fcElal lobultittan^ 2 pft 
I^Tnph dniFimgc. ooh 

jicrvci, U3S*^ 1117 

pcniorunuiiH 1471^ 1 + 7 * 
[Elaiiona, 1+71 10 1475 
fttriunure, 1+7* 
tyrface afWKifnyi 147! 
vein*, 873 

KttlE^pImnik dmplel, 1>0, 62 
Knee. Joint, knee 

KnubR.^ ba^l, 10 
Knucklep^' aortiCp 733, * 33 ^ 
Knuciclw, 387 
KvauNtV mEmbrune. 35 
KuplTer's celLi^ S 3 

Labia. also Lip^ 

I majorn, 1521 
^ artertra. Si j, 821 

devElopmcnt^ ii8 
j lymph v-eMlt^ fti^, 90S 

I fierveSj ti74T i tSa, 119a 

! vein*, S*S.i 86ft 

minunk, 1514 

dirvekipmtint, IT I 
' I dabmm, aceiabulare* 51 a. 514 
I ^l^aidalcK 4 ft 5 
; Labyrinth, bony, lafti 
' de^^lnpnietlt, 13 j 

itrUCtUTY, I 2 ft 3 
of ethmoid bone, 300 ^ 303. 

333. 334 , I 

in nu^al ca^Tty^ 300, 30J+ 

I 5 ®^ 

itiembranuu^, iaa 4 
ajterieA, tiy 4 
dev-Eloprnent, 130 
nEFi^ea, 1393 

j aiTroeture, liSy to 1193 

vcina* J 39 + 

. Lucertoji fibrottiWH Apo- 

neuTtnilk, l>iorpiral 
Lajcritn&l apparaiuS, M*?. 

4Sft+ i Lacrimal bone^ 30a. 

' 5 J 8 

lEsoerp 33ft 
o^ihcaiion, 338 
in orbit, 274 
in jilaiSi, 2*8 

l^criiTial cflnalicull^ 149- * 2*2 
Ldciimal GlaJldj 

laerlrnal, I 4 h^ i 2 .bt 
I jicrimal HfiO, 1 + 9 , 13*2 

^ ^ ^ _ Lat tAE ion, IS ZS 

arricuUr surfaces. 373. j LacteaU, 87®. 899. *4^** *4*0. 
37 *. 58 L 3 ® 4 . 585.497 
^ni 


*S7* 

Lacunae 

ol bi^ne, 43. 24. 37 
bepatier 14*4 
of How^hip, 37 
lalerH^c^. AW 1*. vKiycHia 
rrophubJnatic, 70. 90 
ureihml, 1491. *492 
VEtVOWi of dnni, 847 

l^euR liurirnBlk, 1357 

(if cocblcu, 1300 

lambda, 169. 330 
l4un«lhE, artknlaTi 453 
of l>flrw:, 23, Z 4 
Lamiim, aiar^ nf neural 
ttibo, la^:^ 

in ntednllaobtunnatJii 131« 

na. 135 ^ , 

in ineacOCepnaJonK 135 
in riicMtibeneephiilon^ 131 
to 134 

ba«a1, of chtiroid. 1239 
tjf neiiroL tube# 1 i* 

In medulla ohlon^ia, 

151. ^ 3 *. ^55 

in mtiwjncephahi*n, 135 
in rhombencephftlpin. 
130, 131 to 134 . *44 
ch 9 rioaipil 3 BTy% 1539 
efibrttta *c 3 cnL% 1137 
of cncOkJ cartUagr, 13O4 
delimit primHry. i 3*7 
prtkper^ 136ft 
defllOflinpVal, 1368 
ehutic, of Hrtent*^ *>93 
bepalie, 1464 
of comedH 1238 
df btJzral itenJOiJate body^ 
1007 

labio^miCivaL, 13*8 
of lens, 1249 

meduilaryp of B^obun palh- 
dui, in** 

of leniiform noeleut. 
j 106b 

I of ihalaxiiiia, lOoZ 

retitulAr, of Spiral orifan, 

izgi. 1292 

of Mptum pcllucidimit 
io2ft> 1036 

apind. of fiijcblEsi, izSi. 

13S3 

devdopnieni, 151 
supraEbnroid* 1237, (339 

t^^rmlnalis, 13*. 20ig# 

1 95 2 

dcvoiopinent^ 13*. 

140, 0^^y, io^a 
of thyroid i^riibaie^ 1303 
vnBeijli>$d dl ehtntMd. i 239 

of vcflebiTil arthcA, 104. 

233 t ^35 

eervnal^ 230, a+i 
himbar^ 239, =41 

lacnl, ^1, Z 45 

tborack, ij*. 439 
t ^nnKerham, cdl-«1iindR of. 

1455 , 

l^ntermun^ neumenti oh 42 
LanUiEdi 22 +. 1301 
Laryrur, 13*3 
aipe L-h(kni^«, 1303 
applied ftnflTomy, 131S 
in-eriEiSp 740^775. 1317 
carriloKci. si9i *503 i*' *397 
oesihcatidfi, 1307 
attu4;iiiTe, 1307 
civkty, aoo, 1309 

C .■6^ 















INDEX 


tS?^ 

Larynx 

dcV«l^iTient, 119* IM, ioi 
ditmiiution, iji^ 

IJ16 

inlet* 1369. Adilua 

jolntB. 1307 
iiKiuncnta, 130*, 1309 
lymph vcbkIb* 1317 
m^hnmn, ijGlA, I30<> 
mi^V^natmls, in de^luiltkin^ 
1391 

Tnyctiua fuemorvic^ ijifr 
muwlea, cxtFiTisiep 37 ^ S7- 
intrttiftk, 1313, 13x4 
attinna, 13J4* 1315 

spasm 113& 

HCfVH, 1133, 1134* 1 J 3 Sp 
1136. IJ07, 1107, 1317 
pjimlyiijj 1136 
ndioKraphy^ 1318 
acculf, 13U 

v« 3 i. dilTiirtaieefl, 1303, 1304 
fttntiK* 1511 
aurfiLCt^ Emammy, 

Luic-buda, 1317 

^43 p 1 ^ 59 , (317 
Lnteml/'aattil 
Layer. Sff dlfo SlrsHurn 
df fikm^ 

af eerebiml curteK, 103^, 
1037 

ctrajp df nkin, 

tf^Tcetdr^ ijf cortex cerrisri, 

ia 37 

eljuiticp a( intima df anerk^. 
h 95 , 

cndnaTenl af Jura, ie 4 ^ 
rfreruIyinuL Q^ neufial tube; 
liS. 131 

fdllJcuTjirp of ovum. 57 
leangliuntc 

di c^crebncin, 1037 
af rrtifui. 1^43 
II^onieTijiar^ of otracieirv' 
hwJiSp 1030 

grtmuloTt of ccrebelliimp 
9 Sl 

tif cofebrvrn, 1037 
in fotltia, 1037 
ofs^UI,^ tld^ 
ofTditw** 1364 
llcnle'a, ciF liair* 13OX 
hornyt of fikiti„ tayCk 
Hujtiey'b^ of hair, 1301 
iJifr4gRnLLl^r, of cerct>ru 47 i, 
*■^>37 

in r<riUA* 1037 

rrunUrp df rwUJ^l tube 123, 
t3t 

rnaTKinnl* or nrurAl tube* 
tag, tit 

moniiif^cat of dum, lOW 
rnoteeular, of eertbcUum, 

of ctfobruiTip idjOp 1037 
■truaure ofr ifiJ7 
of hippocampuiiip Idj t 
of oJlacitDry bulbr lo^O 
of piriform areA, J05I 
nei^’e-fibw, of olfactory 
bulb* lojO 
of retina p (14^ 
nouTojiilial of dtfflctnty uwlbp 
1050 

nudear^ of reiinAp ii 44 i 
JMS 

of olfactor>‘ bulb, 1050 
PBpillHry> of corimn* 1297 


l^y^T (£&]rr.) I 

pilpiKiitrd of tciina-p 1^43 
plcxiform of TetitiB, 124^ 
polyroorphoi45p of 4Krc- 

br^inip 1037 

of hippocampus, td^ii 
prickle cellp of sbin, ilg* 
pyrmnidab of cerebruiil, 

1037 

recq^Eot, of oortrx cerobii, 

reticular^ of oarium, llgy 
of Ki'im, 1343. *i 44 » 1*45 
of roda end cnmesp 1x44 
of skin, 121A 1*07 
of lyitlponlc mcmbnifie, 

1*7* 

LemnLsdUS, laler^tp 9(14* ^j 7 * 
^1, 905, lt 23 p li*S 

nucEeus, 1 L26 
in msd'brflin^ 993 
in rums, ij*7 

in«dbU, 945, ^Sji 9 $$* ^>1 
looSp 1071 

in niedujfa oblrtiij^atai 

953. 95S. 
in iDkd-brain, 993 
in pons, 967+ 969 
spin^^ 944, 958p 1002, 

1073 

in m^uUtt ahlanjpitit, 058 
in mid-btain, 99a 
in purus, 9^7 

triEcminu], 967, 969, 993, 
100:2^ 1073 
Lena* 124H 

Bi^n^anileA, 13 SO 

cnpsula vaBCuloni, 14^ 
development, t4bp [47 
structure, 1349 
luspensoiy li^JunErhl, 1348 
I^!iiSr-hbres,"i4K, 1349 * 

Leiu-i uicle, 146, 147. 
Leptenme, 5 
I^rcucocytcsp 45, 
development, 51 
l^uoodemiAp 17 
Leuootcm Vp frunial, 1040, 

1043 

l^iorip upper neOronep 1076 
Liflu^ 1^43. Set aSiv SpEvrti 
UGAMENTS, 454 

Bcce&sory* 454 

developmeni, lix, 
functions, 454, 457 
sirucfurt* 454 
tension in, 454. 457 
of icmmiiKlavicular joint, 
+79 

of alluff. 4684 469 
of auditory ossielai, 1377 
uf Auricle, 1365 
of bladder^ life 
false, 1487 
of cuTpua, 499 
of imiOEnuksverwc joints, 
, 473 

of cotiovcxtcLiml joints^ 
I + 7-1 

of dclu^ 471 

of di^tkl joints of hsnd. 
S 93 , 505 

of foot, 5^, Mt 

fit elbaw-jfiiriE, 489, 490, 

49* 

of eyebsil, 1354 
pf eyelids* S5S* 1358 
of fiK^tp 53a to 543 


Lig^menls (oodfl.) 

of Imnd, 497 to 505 
of brad of femuf p 513 
of hiHomtp 512^ St 3 > 

■ 

of tnojSp 1170 
of inlcrphutangcal jolrtta 
of fin^OTp 505 
df loe^ 543 

of itiicrvertebniJ j»iltES, 
462 to 471 

of knee-joini, 519 to 536 
functiuliiH 5 >9 
of br>m)c. 113W> 

uf liver, 735, 14&0, 1458* 
t 4 b 0 p Htu 

of maMem, It8i ta77A 
of n^ndibular joint, 45^. 

4^0 

of mcuicsqiusip 50 J. 

505 

of jnrtaiamis, 541, ^42 
of midH3irpal jaintB, 4 U 9 
of odfintoid ptocefs, 47 E 
of ovafVi tjoBn 1519 
dev efopmentj ai6 
of pelvis, 506 to gti 

in pre^ancyn. 50*1, 
5 ti 

of pubia* 508 
of imdio^uln At joints, 491 p 
4 W. 495 
of fcctum, 144* 
of fibs, 471 tu 475 
of shcm-iliac joints, 50b, 
Sio, SJt 
of AcapulA, 483 
of Ahouldrr-joinlp 4 ^jt 
4 ^ 4 . 4«5 

of spipcSp 1378 

of tiremocUiviculiir joints 

478,479 , . 

df tali>-crur 4 l joint, 533, 
535 

of tATaus, 535 Id 540 
of dbiofibuLir joints^ 530, 

531 

uf utenis, bmad* I403, 
1404, 1319 
cpnimts, 1519 
cervical, ijunsvcrsc, 

^519 

round* atbp tgtv 
homoloipir, 220, 
1519 

fif vena cavi^ lidt, 704, 

739, S37 

ikvelfipnimt, 175, 704 
of vcixebnil column, 4fi3, 
494,465,4^/7(0471 
of tvmi^jomtf 477 p 498 
ACCe«sOry» 468 
ACdiBbubiTp transverse. 514 
AcromkiclAviculer, 479 
iikr, of dtiu, 471 
annuliit, of rkaitiA, 491, 493 
cf tlupee, 1378 

snuodceyi^J* 

apk^l, of dens, 471 
arcuate (arch, lumlH^costAl) 
ktend, 5S3, ftoi 
medial, 585, 653 
medtan^ 585 
poplimi of knee* 533 
srtcrkisuinp tiB, ibo. 799 , 

7 *U. 73 * 

bifurcated, 537- 539 














INDEX 


brandp of ulmirt^ 140J* 
1404, ijjg 
cdOEcnta, 

»kcaii»<ub04<l., donul. 53^ 
medijil, S3^ 
pbntBT. 

ttll4%ru^ohbuia^^ S3J 

caJcafuoDjivijCuJaTf kicrml, 
^37. 559 
pl^iar, 537, 559 

in arch or MJOtf ^45 
^imctiaOp 53^ 

Cjp^^ubu. 454 , 

t)f iTidivkluaS joiais. 

JaUits 

caiobcoctinoiilr 3^0 
curpi nidiuEittn, 499 
carponuMucBrpat, |^oj, 502 
epical* at otmi¥j 1519 
check, of eyebaSI, 1254 
coLlatenJ 

of kjwep 53i, 5^3 
rnFta£arpophakii4;;cuL5D4 
mctatiiraophakii(F«ilt 54^ 
rtidisl 

of dJMTWp 49£ 

of wrbt* 49* 

idnor 

of elboWp 4QO 
of WflSIp 4^ 
emtaidp 479 p ^ 
conco-aouHTiiiLK 4K;;: 
oorncocb^^ioulur^ 47y 
coracokijn'Lerfili 4*4 
coroci^-p of klKCj 520 
of Livrr, 1400, >45* 

dci-^lopmenr, 19^, ^02 
coicoclavkiiliur. 479 
cr04toconicaidp 617 
coftolrwiyvfrttp 475 
dcvcfopi^nik 10^ 
costokiphold, 475 
cricoarytenoid^ 1307 
cricothynnid, 1309 
cricotTiflchcalp 130^^ 1324 
ctticiale^ of atLw> 4f»9 
of kneop s^h 5^4 
applied AOBtomy^ SJO 
biood-Mipply^ S37 
funclioti^, 529 
CtdKiidconainfuIar, 539 
cuneocuboid, 54* 
cufieonictatarfiaif ^41 
cujicotuviculiir, 530 
cysEoduodrtul, 1413 
ddtoidp Slip 533 
dciiticutiitmii+ lO^s, lOOTi 

dor^df, of carpUAi 49i> 
of RtrfACarpinp 50J 
tatrifonrii of liver, i4*®h 
i40i, MS* „ 
dcwlopmcnr, Eija, 302 
Hjn-uirv^ 4^3, 4*4 
fundirorm, of penij, 590, 
1S*J 

gatrrophmviC^ i4*7+ M^T 
dc^’clopmcm, 19* 
^trtp^plcnic, 14^5* *4*7 f 
1413. 1543 
djcvclopifwnt, 107 

gknohuinmlp 4^4 
of htfd of feroun 5*3 

hcpatocolict 1413 
hq^^toduodepalt 1401, 14*^^ 
hrpatoRji^rric, i 4*E *4** 
hcpdiorenali 14™ 


Lii^amools (ronr.) 
hvo-Hcpi^tJoHiCp UoO 
iliofeinonil, 51^^ 5^3 
functioOHt 516 
illolumborp so*, 510 
iliotrochantcritj 513 
uifimd Lbulopclvic, Sio*- iSer 
ufifl* L. suffpeftiory of 
o^’ary 

Syr, 59a ' 

IKcdncjil pan, iSer 
tdcufutr 
reflected part. 
intnearpal, 499 

intcfchondmi, 475 
loicrelovicijIaT, 479 
tnErrehnoid 330 
inEercOTiiiifljp 4*A 
inlercyneifurm, 340 
inlcrfoveobrn 59S 
ifiienFbeidcmrpaL ^05 

ifliremclotaml, 54* I 

iatcrosseoiUp of carpua,^ | 

4919 I 

of metwrpiu^ 5*3 
of nlcEaTflrBiM, S4* 
fiHcroHLlfh;, 50*1 51* 
tafociiicBfie^n, 53* 
of taiTiiis, 53*. 519i 54°# 
54< 

tiblaHhuloTp S3T 
intcf^pmoua, 4*3 
iiittrtmnsVcnMJ, 4*5 
imrtE-ariscuLLr. coBioveirr- 
bralp 47^ 
ftterfwcoitoiH +75 
ischeofemonul, 312. 5*3 
locunoj, S9I. 592 , , 

IflteroJi of t*locrtjntl joints 

of ^laddcr^ frt>5, 14*^ 
short, of kneCp 522 
bcnorrimt, 1403^ 14*7* *543 
development, 

larkiplildirutL dfilcrioTt 4*2, 
46s, 470 

po«lenor^ 462, 4*5^ 471 
lumhoci^ol. 473 
Msurl^eriiodt'a, 1519 
rneni&coremoral 
anterior, 545 
fKwtcriOr, 525 
mciNOirpsI, S03 
m-rraianat, 34 ^ 54^ 
nuchjc, 4*4 

obUque popliteal (poiteriorj 
of knee, s^tf 671 
occipitn-aaialp 471 
ovamn, 150* 

developn^t^ 2 s 6. 220 
paboat, of carpus, 4 ^i 
of ntcEftCArpufl» 5*3 
palpcbrml, 5551 1138 
patelLcp SM, 52i p 

pectxniite, of irti, 1339* *i4i 
p^crineolt $92 
peiinwl, trtmevtrsCp *09 
petrOfiplTeitDidHlp 196, 1II4 
phrenlcocoUc, I4l*> ^43* 
pUdiainatG, 490 
phftometELcarpill, 499 
planlar^ IkKiif, 539 

in licbcft of foot, 345 
of mrtetorwplwlunHral 
jointly S43 

abort. U plsuritw, 

calcartEOCuboid | 

pupliEmU areuate* 532 


1573 

Ligiarticdta IcQttt.) 

pophtofll, oblique!, 521 
pOflerior, of bladder, I4II7 
orkfUiCp oblique* 541 
plrrjj^ciiJiandibolBt. 

Rapbo 

pteryfpcttpiJIOlW, 5*2 

pubac* arousle, 508 
tupertor, 5*9 
puboftfiinrali SJ3, ^13 

pubopmktitie, 603, 1486 
puboi'csicul, 1487 
pulmunary, 1328 
qu«dratcp 494 
rddiote, of carptWp 499 
of fibp 473. 475 

mdioaifpet, palirinr, 497 

doruk, 44)8 

round of ulcrua, 220, 
*3*9 

artexy, St7 
de^'eloprnentp 2lb 
honuikouue, 220, 1519 
EacTocoocygeal, 4*7- 4** 
sdcreHiliACp domU 506,510 
intrrasacniii^ 50*, 5**. 

511 

vcLiitnil, 506, fiOf 51J 
EocroepKnouai 5*7 p 51* 
bjcTotuberous, 306, 507* 

311 . 

tpbcnftmandibulBr, 1 !*■ 
45 * 

development^ I lH 
Epinuplcttoid, 482 
ipiral of cochltAp E189 
*prbBi 530- Stt alto Lig., 

atl e:^!! COtlBV ic id It 

plantar 

fttemoclaviciiUr^ 47*^ 470 
aEcrruKoatal^ 475 
itemopcricardiAk, 70^ 
ttylobyold, 569 
development^ 11 *3 
iEylofiifindibulAr, 4**^ 5*5 ^ 

13s* 

aopraapinousp 403, 4*4 
EUApCEi&nry^ of ASttlla* 
id breoAt, *e4p t|24 
of cUtorjji^ 1533 
ofeyebdll, 1254 

of lena, iSqJil 
of nvary, 1308. *5^9 
of penia^ 1503 
tiiiiluruL 451 
tiilocajcanean, 535 
interoa&einiSp 536 
tiilotibuliir. SS3, 533 
taloctavicular^ S37 
laroomcimtanah ^41 
irmp^vromandihtiiaTp 45* 
tcrt^p of Ih-er* 7 - 5 i * 74 p 
1400, J4OE 

thyro-cpT^ktittc^ 1306 
thyrDh^-oid^ laTrral, 1308 
niedionp 1308 
llbiocoleancan, 332 
libjoltb'ukr* 530, S31 
ttbionavkularp $32 
tibioEaliLr 

^ntenor, 333 
posterior, §31 
tniruver^elc colli, 1519 
trticuve of acetabulum, 

514 

of at\s 3 ^ 469 
deep, of palm, S03 
of sole, 54ip *90 
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1574 

Ligaments (fAnf J 

baitsvenc, of hummit, < 

^K 4 I 

afkncc^ 

irictncarpni 

■upcrficinl, 64^ 

6 D 4 ; 

AOipiiiar. 4^3 
ttbioBbulAr^ inferior^ ^31 

tnipcXJiiidp 47<^ 

triiin^Ur, of l^vtTy Jfffa, 
140*. I40J. 145 « 
umbilicaJf latcrnJp Ko!f 
iltvclopmsnr, S68 
fiitdun, 14W4, 14^7 
uT<TQS 4 cralH I 5 H> 
uf VFini BivH, Icfr, 175, 7041 

de^'elopinEoi. 175 
vctiimno, 7^5 k S^74. ^4** 
vcrtcbfopctvk. 

VEAUbulif (ventnciilEir)r of 
krjtix* 131 i 
VOC«l> 1339. < 3*3 
513 

Liftht reflex* y-97 
Lutlb buds. 130 , 32 :e, ti 9 - 
Limb jfirdle^h St* CinUci, 
iK-b ic ni^ tihcHildor 

LIMBS- 

ulJll UntA, |]i) 4 i 

11^ 

fM)pdcl>^ pre Btld peal 
Hit ^^ 93+1 

11 ^ I 

cxifTiparU^n of Uiwrr alKl ■ 
upperp 356, 4*3 
UcvctopitKnN 130 
rotation, iJi 
itTvcnirTp 35fp 
lower, urtericsp >S*7 

bom!** 39i I 

developmciit, 130 
faiieift, 6p, 635 p b7X 
iimcir^'tituzi, ouumockus, 

11^5 to 1 

tniiiculiir* [ig7* 1173 
c( 

{ 'amtf, £11 

ymph ElnunaKc^ 8 gfk to 

nodes, Hg^j 
muflci»r 6|f2 

dcvt^lupnienti US 
nerk^cA, tzfp 1174 to 
iigo, tios, I n/i 
TXPtntM^fl, 131 
HjpnonTaMon, 1 u 
vyrnpAihctic suppiy, 
1310 *131r 
veiiu, (£64 

upper* arteries, 763 
LK»rios. jsl> 
development, un 
f»ck, Bit 

ifincrvncion, euiiUitiOMAK 

111, [157 K» ^** 7 + 
1 igj 

muAcular* iioB 

joinu^ 47S 

Ivtttph draituiise. Sgi m 

nodes, (H|tp 
miiiclai+ *11 

develops wot, 133 
cwrves, 11 I ifrOr 
itg 3 

rotJitmn, 111 


Limbs trortr,> 
upper> !f5iCTnfnifltmn+ 120 
nTnpntheric Auppiy^ ritS 
vctnip S34 

LimbiUi fe»5» nvsVtj, -^09 
Lttntuw Uminu; spimliv, isgo 
Limcfi insTjlajp 1017+ 1033 

mutp izzH 

Lino of Lifieu— 
alba, 5 ^i.. 

adnimiculonif 503* 500 
surTace oriiltumy, 5^9 
jiTCUBiF^ of pehiiv. i^ae, 
Lmca —Tcrminiftli* 
of nxtiUi ahealh, 597 

Mpeiu, 413, 414 j 

axuL of limbs. 110J1 1194+1 
t n./b 

azv-Fpos, tjb, I7ti 
Brfiders, of kidney, i4!io 
cefnent, of bdHef 14 
dssvuRc , of akin, 11^7 
cmitmir, of Owcop 1364 
opTphyKsl. 37 
Hi^iire oi ikin. izgrr 
KmrrailMl'*, 42 
pluieal, 395, 307 
llensetl’a, 33 

iittercondj'tdr, of foniur, 
4 ^ 5 . 4 jS 

intiiTmKJuinteric-, 4044 , 40*1, 

411 

mcduiR, atiii 
mylohjTnd, 3*3p 306 
nuchal, ;r7^ ^gOp 31 x 
oblique, id inAndible, 303, 

of tvJiu*, 373, 376 
of ibyioid Cdfiilu^r* 130J 
of ulna, 379 

Iwi-tinatCp of ntflal cinillT 
J 4+3 

poctincnl, of pubis* 39^ ' 

of pleunl refttfETtioiip Ijsbp 
1317, 1328 

lumce ftiwiloniy, 131b 10 
ijiS I 

ReUra bstse, j!io 
of bdifeijcr* 13^1^4 I 

actntlunaris, 51^ 
boEetuI,. 4I4* 42& 
vpinl^ of femur* 4O9, 411, ; 

414 i 

splendensp 10^7 \ 

■iipisrcandvlar^ of femur^ | 

I 

suiunil of tens, i34rj 
lemi^ral, 277+ iJ*? 
lermifiAtm, 354i 4*=^ 
rh 4 Wiicoluinhar (venous), 

ttapeJCOld, 363 
vritimlp of libiap 414, 42<t 
^'htle. of anal ^ 443 , 

1444, 1445 

T.inm^> Stt TouRue 
L.ift|^li af cjercbellum, ^^71 
of luiiR. 

of nvtndiblc, 105* 3ofj 
of sphciMiid Uttfve* ai>4, 315 
Lips* of iliEic emt, 393, 3^7 
of meiulb, I £43 
Alterioi, 745 
Clcv clopmeni, 1 11. 222 
b'mph drainjiji^, 
muscles^ §56 ta 5^^ 
nervci, 1106, mz, jtio, 
liJil 


Lips leant.) 

of moutli, philimni, of 
upper. 111, 113, 1344 
airuccure^ L343 
veins, H3S 

rbamblc, 133, 963, 974 
iv'mponECH 1190 
ve^iibubri lago 
Liquor (unnii, 7 t» 8 ® 
fullioitk, 1510 • 

Liver, 1456 lu 1469 
applird oTullomy, I4b^ 
arteries, 797, 14^3, 1463 
bare^rw* 14^*®. 1414- * 4 S 9 
btwtfers, 14^ 
oapvuli:, 1463, 1464 
deycloptnrm, iftq, agSp m 
ftelal, 713, t45& 
ligaments, 713, 1 +», 1458, 
1460, 1461 

bbc- 3 , anatninit^lt i+S7 
cmbr%’H>lH>gjcrtS, 1461 
ph>'siologiciil, 14*3 
lymph diminapOp 1^9, 900, 
901,910 
nodes, got 
peritooeum, 1458 
beputi*, 14(11 
iiinuiioid»> 175, igli, 1464 
almcturr of, 3 i|<i3 
aurhicc lUintomy* 1456+1459 

I aiufaresj 1459 

veins. 87 3. 874, J463 
Lobe, Lain— 

, caudute. of livcri 19b* I 4 S 7 p 
M 5 y 

! of emlKllum, 9711 97=^ 
97,1 

of Eerebtum, 1035, loaB* 
jej 7 

frantali 1023 

of b^TiopbysEJL cerchn, liJO, 
1012 

of kidney, 147^ 
of liver, 1457, 14&3 
«f »3 J 7 , 1 J 3 >! 

of inanimary Rlsindp 1524 
OeoipilAln 1017 
nlfseEoryp lOzo, 1E131 
optic, 997 
parietal, 1926 
of pnvuultK 1504 
pyramidal, of thyroid, i!ti. 
1528 

quadmtep of Itvcrn 1457* 
1461 

Reidel s of brer, 14^3 
CempomlK 1016 
of tbytflui, 1539 
of thyroid ploiWp 1527, 4528 
Udsrtiomy, ptelrontol, IO4O, 

LobuJe, Lobules- 
ofnuridoofear, 152, 1265 
ceniral, 971 
of cerebellum, 971 
yofiicftl of kidiMT^-p 147^ 
of vpididymMp 2t3p 1496 
Ilf lU'er* I4h3, 14)64 
of pancreas, 1454 
pameentml. 102S, 1041 
Piuieial, infin-for* 1017 
superior, 1026 
*^ilimar, 971 
aimplex. 97] 
uf tcatia, 149+, 1495 

of mciik 
atimuli, 924 
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Ijitcm crnilciiis 4®^ 5^7 
Loop, bkilhoventricLdfir^ Tjj 
of tlcn1«, *477 
t.umbar pwtcturr, 

LrUnatf bone, 381, 3IM 
443 

ossiftaiion* y/t 
Lung, Lungs, im 
■gc chiitT,|^, 1334 
all'Alii, 1340 

rtpejc, t334 

»urfi»cc uiUioFiiy, 1334 
BnerieR, 7^*. 7i<^^ 794i 

IML ^ 34 ^ « 

base, 133J 

bordkn, J337 I 

^nlour^ 1334 

dcv^lopmisn [ K JOO, 30 i 

basuref, I337. | 

slitfJCC ■nalomy, I337i 

f*rdiU i^+r 

hiluin, 133ft 

bbe*. 122% I 

lymph ilnibiuRt*^i7Hh, qiz 

nuJe*, 910 
nenc&i T13S+ 

I2t&, 134a 
13+^ 

root*, 133^ 

^ituciure, 1331? *34* 

^u^f3lt:£ anatomy* 1:33+, 

eeins^ 835, Bbo, 8*31 134^1 

T344 

Lun« bitJi, 200, 201 
Lunula' of val™* 7 * ^ 
of tiakb, 1^4. 

Ls-mph, 50,1^94, lii77 
Lymph tiapiltanca, 50, iS& 
L^mph tituci, righs, 879^ 841, 

Lymph fpilLizle^H Mo* 881 
l^triCp 1441 
intcsbfisl, 143 ■* 144^ 
Lymph node^, 878^ S79 

applircl Bnatorny* K81 
artcrietf 87 h^ 
(bveliipmcOl, 181 
infection, 881 
aEmctoret 879, BBo, 
Mt 

of oobn^ im 
of face. 887. ^ 
of hcftdf 88s 

of ifit«tino, bfge^, 001. 
4^4. HJ03 

Email, i>Ol, Qo2^ 903 
^sj' limbsp lower, 
upperp 801 , 894 
of 898 
of petvMt, ijfift 
of recrum, 902, 9^3 
of Mofnacii, 899 
of thumx, panctaL ijOy, 
9to 

vincoml. 910 
apical, of nxWlJh ^4 
aorticp 898, 904 

axillary I Byr, Bq4 
btncKicmepbaUc, 9 to 

bronchtiputniriTiBri'i yiO 
buccal, 888 
centml. of t«illa, 892 
cervical anlrrior* 8K8 
dc^, 885* 841 
inferior, 883 
wjperior^ 883 


Lymph nodes (iwof,) j 

cervical:, eup^cml, | 

cxxliac, 899 
colic, 902 
ci-gtic, B99 
diaphnnurmatie^ 909 
cpicolie, 902 
rpigo^tdc, inferior, 90*^ 
g^iric, left, 899 
panacardiiilH 899 
pylonc, 899 
gafttni-epiploic^ 891^ 
hepdiic, 
ilnt, i«j 
ileocolic^ 9OJ 
ilinc, circumftex. ijob 
OomiiJjon* -904 
cxicrnai, 905 
knientit, ifO* 
itifraclavEEutar, 892 
infmhyoid, 8B8 
inipiinal, Jcep+ 8ljft 

scperliciaL 89* 

tntercoHi»l, 909 
imermediuK-, colk. 90J 
lujpjlo^ ixuEtric. BSj, SB9, 
891 

jui^o^amnhyoiiL BB.5, 888, 
889, 891 

Iflfcrfal of axilla, 891 
lingual, BBK 
lumbar* K98 
mediistmal^ 910 
meaentcr ic, Lnferior*<*Oi I *902 
$openorp 9*t, 9^4 
of me»enKi» cjoz 
obtutHiut* 906 
Mccipiml, 8B7 
pancroatiecMillodenaL 90a 
pnncrontioosplcnic, 899 
panvcardial, 899 
pamcolic, tjo2 
panirecEdL -^2 
pamUachcaE, BBB, 01 q 
in tharox, yto 
parotid. KS*. 
pecrorol, 8i^i 
popliieni, 89* 
pre-aortio, 899 
prelBTyngcal, 
pretracheal, 8Bfl 
piilmomiri', 910 
pyloric, 8^9 
retro-aortit, 

Tctm-auRculat, B 86 
rcl rDpharynucal, 888 
wcffl], *>qrh 
^uhmandiibular* M7 
subiticttial, 888 
snbpyloTic, 
suba^puiar, By 2 
supratmchlcar, 891 
termiiukl, colic, 902 
ihofucEC^ intemjll, 894> 
iracheobnmchiaL 910 
applied anatmtiy* 911 
Lymph nmlutcEn 881 
Lymph surt of embr>'o, iBo 
L^Topb sinua, 879, 881 

development, 181 
Lymph apace# flubcupsular, 
880, 88i 

Lymph trunk, bnmohomediu’ 
Etinal* 884, 910 
intoatinal, 884, 
juRular, 

lumbar, 884, 904 
vubelav-ijin, 884, 892 


*575 

Lymph Vessels* 50, 180, 877, 

878 

applied anntoiny, fl8l 
arterief, 879 
deep, 87^ 
dutributEon, ^^ 7 ^ 
ner^T», 879 
SLrucniH:, 879 
superhesaL 87S 
mlvev, B78, 879 
absence, from rnuaclci 35 
of bone, 23 

Lymphatic draifiafie— 
ubdoitiinnl wall, 1^91. ^92* 
Bij*, Sij8, 9C1S 

HiimcftEnr^' cannl, 899 *^®4 

4iial canal, K96, 903, 9114 
anus, Kfjft, 904 
appendix Ycrniifomti^, 
nrm, 8 i >4 

auditor)' tube, 8BB 
bile duct , 
bladder, 9^ 
breast* S94, Bo 5 
rticum. 903 
check, 888 
clitoriii., 4^ 
colon, 1)02, 0*3 
conJufKiliviA. 887 
diaphraipn, 9 to 
duclus dcferciHj 90ft 
diuHtenum, 899, 900 
car, eatcmal. 885, BB* 
middle* 889 
cpiRinttb, Bijt 

cycHds, 8B7 
Eace, 887 
fingera, 892, 8*14 
fool* &q8 

fore-ann, 892. 894 
forehead* 88ft 
ipill bladder, B99- 
i^enitshd. cxieffyiU 
HunM* 889. »345< *34^ 
lund, 8^2, 894 
head, 8Bs 
heart, 911 
dcum, 9*1. 1+3= 
inirstlnc, large. g02, 9*3 

Email* 902, 143^ 

jejunum, 902, 143^ 
kidney, 90Jfi 

tar>Tix, 8S9, 1317 

Erg, Kijfj, 89^ 
limb, 891. 

upper* H91 pi H06 
lower, to 848 
lip, 888 

lit'cr 899? 9®Op 90t* 910 
lun«4, gta , „ . 

rnartimaf)' Hlaild*, 894, 805, 
<i*y 

mnjitcid antrum, B89 
mouth, 8H0 
naiai cavity* 888+ 889 
neck. «Bs. »«8 
nipple, 

now* external, 888 
mophagua, 891* 91^ 
uvaty, 907 

pulale, liard and otifT, 88g* 
I34t 

panereoa. 8^/. 9*^ 
paranaflal sinuses, 889 
parathyroid gland, 1331 
parotid glands HKft* 887* 

pclvii, oaft* 1^07 
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LymplutLic draitu^ 
pcni»» 1^, QCty 
pciicKrdiumt QJ t 
pcrinmnl* 0®7« 9^ 
phqryiucH &SS, 8St^, ^ 9 * 
pkurit Qi ^t 133 '^ 

V 3 & 

recTUfiip 9^4 

TTpixHlu£civc nrjcnTu, fctnnb, 

907 

tniAty 90t 

acaipp 

H/crntuin, BHJ[7 
tcmirtal ve«id£k gf06 
*k»n, 129 * 
ftp^fTvuikic ct^ndp 906 
^pltrn, »w> 901 
momnchp 899, 900 
iiupmri!iu! rIuMp i sj® 
icrth, 8S9 
teoib^ gcjA 
thijfhp 1*98+ <jo* 
cJwriLcic wflUp g*9 
confrTtlt^ gio 
(homcE^ 909 !i> 
rh^TTiui^ i>]2 

thyToid iiland, SB^p 1529 
nm^Et 8%^ K^Op 8 h>i 
TonjUp SB9 
tnich«+ 

lympunuittn BSo 
tircthrLp 90* 
ureter* 9^ 
utiPHfy ttw^p 90^ 
uieriri5 lubcp 907 

UtEfU*, ^ 

896, 907 
vLil^t>, 8o6p 908 
LympZuiUc sysltfm, 50, (>94 
fkvcl 4 )pm<nt, 180 
Lympbotyres, ^fip 

dir^Loptiient, 46^ 47 p 

Mcaumcy'l pMPlp i 43 S 
MBcrupKsge»p 33, S80 
MacuIh cribrOiia, cuf laby nnthp 
jaSt 

]iit 4 », iMh 

cofticfll Hita^ 1046 

(^ttU^niPCt 

of mactulc, 12S6, 1 387 
of utrielCp j284p ***'7 
MmJJ«]tus^ latriaL + 2 *^ 4 ^ 
431. 33 ^ 

Aurfkce niiAlnnijr^ 419 
nit^dialt 4ll'« 4 * 7 * S 3 * 
iiUrfitC'E anatoiny^ 417 
Malltus, tiTfi, 1377 

do^-elopnunt, iiB, 3C7 
raovcfttsilap 1378 
Oiiuiicatian^ 1277 
rtfti^n. to tympnoEC 0™- 
bniw, 13&9 

^1aJptgbixn« bodirt of *plE«ll, 

oorpu^l^ of kidney , 147 ^ 
M^imna. St^ GlMPd, mwii- 
maJy 

MEEkdible, 30J 

alvKslAr P^rt* 303 h IJS" 
anflk, 305. 309 
hi^Yt 2bbp 30J 
iraCMlp 105 

condyloid procrtA, 3&|p 

306 

ni£n>MiEnii>p 4^0^ 4 f^|_ 
jitmuHp 3671 yojp 3 flFp 3^50 
ige dmnREtf. 3 *^ 
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hfapdiblc (oOfd.) 
ibrvrcloprncnt^ 118 
ijmwihp J07 
moVcttiePMtp 4^0 
osAiEoation, 30bp joji 3^ 
^tllnlEc, niv'O'^picflrdiBlp 134 

P^aubKiim, of ittaUttlip I 

1169*1173^1276 

«cniip 253. 135*452 
o«4lic£tioiii 25*. ^57 
Matvin, fatoiform^ of laphcn-^ 
oua ^nioM. 637 
infia^irbiTolp 271 
supn-orbiiAlp 271* 330 
JftsoTOWp uf bono* 23 1 47p 50 

Martinoitip ccll» of, 1037 to 
1039, 1051 

[n hippocBinpun, IO51 

Msi«S, ClflJ, fonuBliVff, 68 
inrwsr, 6S 

mtermediiitt* 77* 7 h|k 204 
. Iitrfalp of 2lli4, 232* 233 
' oHitfkaliiHi# 249 

of cihmoidp 333 p 334 
MEAtimtioo, 1343 
rniiscln of^ 560 
MBJtaid l-cinpOiiilp 113; 

S^r alia T^mpOr^l 
Bone 
Miul cellr II 

Maxtr, arachnoidp dura, pin. 
Srr Arachnoidp Dutb^ 
Fbip 

Mnitix 

l!emijjul> of hflir, 1301 
of rtuil, 11^ 
irtoiii^p of noili, 1108 
Matlrrp gray, 37 

of ccrabcllump 979* 982 
of ocrabmni^ g28p 1036 
of tpirail mcil^Li, 032 to 

939 

white, 37 

of wrebcliiim^ 973 
of cerebrum, 928, 1038 
of cpimtl mcdun4^, oiQ m 

•HI ^ 

Miiuratfon of ovum, 57+ S9p 
1509 

MoailLftp i66p 300, 34E 
Age chanj^ra, 346 
o^aihcDtimip 347 

body, i41 

IB BHBal ofl.vily'^ 300, 30^ 

IB namia froBtniia, 272 
proecssH, nlveolnr, 272, 
345. 

frontid, 271, 344 
pidAline, 268, 345 
in p^iUtCp £82 
jsygomtiiK, 272, 344 
ainuip t233 
growlb, J4.7 
nponitig into n^al 
303h 343 

Moalus, flOQUAticp o^terfUll, 
?67 i. 477, 3IJ, 11)67 
applied anatomyp 327, 
E 27 & 

2tTeric&p74St0748, z 268 
bony pmn, 277, 325, 

J27p 1268 

cartilacinmH pan^ 1267 
drfc^olopniral, i 17,152, 
327 

cszumnatioBp labb 
growth chflB|fc4t 327 p 
354 


Medium 

acouiticp oilemalp lymph 
dniinoge, 886 
BErvet* 1109* 1133* 

zs6S 

nktiani, ia68 
Lntertuii, 297# 2fj8* 334 f 
*=93 

fiasaip inferior, 300, 336+ 

I22l| * 

boBv walb* 302, 303 
middle, jui, 335. 

bony wiiJbp j02> 30j 
fiupriiorp 301^ 335. I ll* 

bony walb, 302, 3*3 
h^ocbanisiTL, of dettiutition, 
1390 

of jicb-w, 511 

of raspimtionp 5SB 
of thora3C> 475 

McckErt curtilage, ilB, 152, 
3e>6 

dh'ertkulump lojp 1427 
?dediap rcfractingp of eycp 
1248 

« \lcdiai,"XKii 
Mediaatiauen tcidi, 1494 
thoraokp 702, 1325, 1331 
mdioto^p S332 
aubd n-kion^p 701, 1331 ■ 

Medulla, o/bonc, 23p $0^ 226 
uf haifp 1301 
of kidney, 1476 
o[ l^mph node, 879. SS^i 
So E 

obLcHi^atap 927, 947 
urteritftr 1^9 
Ctfitral caiud of* 048 
develo|>rnEiit, 130 to 133 
Eiisum, 948 
pyTHmidn 949 

BtruGtiIra, 952 to 962 
MjJdp 948^ 949 
tinnsvcrae vcctiona, 952 
to 961 
vein*, $53 

Medutla apLnalk, 125, 914^ 
927, 928 

artcrin, 7 b&> 769. 81 4 t 

m. S97 

centra! cana]| 933 
ccr^ncat nuclei^ 938 
columru^ grey^ antEriorp 
933 . 93$ 
iaicm!, 933, 937 
poatenorp 93I, 937 
whitCp antdiori 930, 

94 * 

ietcrah 930, 941 
pcHtenor, 930, 94s 
development, 7b, 77, tag 
10 E19 

enbqjfcmcnti^ 127^ 919. 
935 

Esouras, 930 
growth of^ 127 
I^m 4 , 933 
hmgth, uzS 
nveningcB, 929 
myciitiatkKi, 137, 1078 

raCtioiiJi, tnuuvETBC, 947 

raipncBtal origin, 931 
itrticiure, 932 to 947 
*ulcj, 930 
inact*^ 

oKEndiitg, 941, 942, 

645 
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Medulb ^pinaLif | 

94I>945> 94* 1 

intcrftrKTiicntal, i 

•M 5 . W* 
vtim, Siaii £64 

ot suprarciial gZnnd», i 

* 

IppUcd anuinmyi fS3^ 

, 14^ 

rmicticin^ tS37+ 1538 
«f thyfiius, *5+0 
MpJullarkmi. St€ 
tion 

Mej^fcaryocj'tes^ 48, 51 
Mckrttfc, y, 59 
Mclufiln, 17; 

wnthetkJi, 1197 
Mcmbninflp gianulcwnH IJIO 
Membrane ^ 

omiificdiion tn+ ±6 
aruki, i95i 1^ 
nf aniiiijU ccH> ^ 

cleeTSron micnwcppvj i 

alkanlOKi<cipital. 470 

hilscfncni, 7 

boiiiarH of OflchEcap ijSt^ 

1291 

boOT-c^na^lp SIX 
buccophmngttil. 76* 84 t 
il^i 

sTif celb 2 

do^aip 84^ 
ckuinR, ISO 
‘ ctIcovw^. 13&9 
ciooiirlomw. 7t 

fencstinredp 17 

^bn>-elaft[ic of lar^tlXi 
rtbroua of micbMp 1324 

foetalj 87* V7 

Ijfanulgeu of ovtwvp 1510 
hyiloid^ L348 
hyoijliwialp 1380 

tntcrvMlalp «tcETUll+ {aJI- 

(criorj, 582 

inlcmat, fpofilErior), 582 
j EiTcirossccui, of foreannK 
494r 495 
cniral, jjo 
Jack-son'x, [4^3 
Krause'*, 33 
of liir>TuCp 1308, t30q 
JimiCki|£, of Murai tUDtp 
US 

of retind^ IJ46 
mucowip 7- Biw 4li*o ifjrdrr 
ini/itlrfa^ OT^rtK# 
Niamyth^l^ 1370 
nuclear, 3 
obturator, 402^ ^*7 

oral, 76, 84. I®* 
oiobihicT tx8li 
prrtfKal, 608. 609. ^ 

Diapbraj^nip urojjrjOi- 

lal 

periodontiE, ti59 
pjmmpEiicardialf mi 
pteuropEHtono;ilp 20T 
pupillar>-4 1241, [Z43 
devdopment, 148* 

224 , 

EMprapleuralp 1327 
ftynoviaf, 450, 4 Mk 
S** «fiO under 
L'iduai Jiiintt 

tectoria, of allanTO-ocapitftl 
joints 4fra, 470 


t 4 >ji 




Membrane (cmiiO 

lectoria^ of dpi ml OT&n.* 
la^t, la^i, 12^3 
accesson^ 12.93 
thyrobyaid, 1308 

tymponJe, 1272 

applied uiaiomy* [S 7 ^ 
ortcrie*, 748+748.127^^ 
i 179 

at birtb* 1269 
colour, T2b9 
devGTopmrnl, 152 
eaamirutian, 1289 
n€t%&, QM, 127a 
para, fliiceide, 1272 
tpitiy, 1271 
recedSi!*, 1279 
iiTmoture, 12-72 
flCCondiiryK 1 X 73 . 
umKcttiral, roSh Xi8 
mprurr of, 21K 
ve^iibkilar, 1289, 119® 
vitelline, 57 
viiieou^P 1^8 

Mcmbnme boms, a8, loj, 
107^ to8 

*' MembTtme ThrOt^''' of 
nerve Cfinductiwi, 918 
Meninges, 1079 p ^^83 

applied juiaiomy, 1686 
dcvclopmont, 143 
cerebral, lofbii 1083, 1087 
artcric^H "4** 74*1 74 ®^ 
757 t 759 * 

nerve*. 1682, 1104, 1133+ 
1138 

Cerebral, itruriare, 1082, 
1C85 

vebia, 845, 847 
»picEal, 929. 1082^ loa^p 
1087 

[irseri«i 768, 7 ^^f 794 . 
807. 814. «15 
I veins, 845 h 847 p ^3 

I MeninBocyte, 33 

Meniscua;, 453, 518, 521, 523^ 

I 5 A 4 t S2S 

inj 9 ^>^ 529 
movettiepta^ 52**. 5^9 
nsffenetTltion, 525, 32b 
^f^nstruation, 92, IJlft, iji? 

1 Meiocrinc gland, 1302 
, MesenceplLBJna finid-bram>i 
I 927,98S 

I aqiieduetT 9 ^* 

arteries, 77® 

central grey marier, 9914 
991 

dbri^-ativB*, 143 
development, 7*. 

i34i *43. 988 
evolynon, 988 
Mwtich^c, 11 * t 4 r 77 ? 79 
Me^cnieriote, of vermiform 
appendix, 1410P >415 
Mescnlrry (of small tn- 
testine), 1402, X404, 
1409,1427 

Jc^'elopment, (89 to 191 
lymph nodes, 9<^2 
Mc^blasC, 81 
Mewardium, 155 
Mesneoton, «igm6id^ 1402, 
1403, 1410, 143 ^^ 
trims vcTSc^ 1405,1410* 143S 
deVcIopEnenlp [91 

Mesoderm, 70, 77 
derivAtivea, 78 


Mesoderm 

ii^stnd, 

laienil ploic, 77f 76 
parOJcUa, 77 . 79 
primflni%^ 70 
pnntomial, 79 

Hcconilary, ^p 77 
segmentation^ 70 
76 

Mesodyodenum, X96, 199 
MesQpa4criym+ dorwil, E89, 
11^ 

|•Ent^a.l, 1%, 19B 
Mesoficnitniep 212 
Mesonephroi, 205 
deriintivca, 207^ 220 
ditcfp 20b, 207* 220 
MEfioi^iuiiK 2x4 
MesosaTpinx, 1516 
Mesothelinm, 7, 79, Mi 
i>f dura^ 1082 
Mesovflrium, 1509 

development^ 214^ 216 
Metacarpal boncs^ 387 
osiiifieation, 39T 
MerNCarTrui, 3S7 

comparison vdih rxictaiar' 
ilia, 447 

MetBiineTCd, 79 

Mellijncrisrnt m drencepha- 
km, 99 & 

in rneBcncephalon, 988 
in «pi nal TTi^ulllip 95 i 
of spinal nervra> 1191 
ME^myelocy'lKi 52 

MetanEphltis, ioCp 20 J_ 

tvictiphaue of cell division, 4 
Melnpbysis, 27 
Metalarsa] bon», 445 

o&sibc2tion, 44 &, 447 

MElalarsuSp 445 

comparisons vvith nurlaoir- 
P^is. 447 

joints, 540, 541, 54 i 
Metuthalamuff, 998, 10041 

1006 

development, I36, 99 ^^ 

MeteDcephaloti+ 13^ • ^ 33 i 

144 

Me^Tvert, otlh of, rQ45 
MiefosomeT 2 
M Lcrm^ElIm, IX 
electron micrsKiCdpy, r I 
Micturition^ 608, 6^1 1029, 
j 041 

reftcK, 1078 

Mid-brninr 5 « Mesencepha¬ 
lon, 927 p 98^ 

Mid-gut, its 

rotation^ 199, 19 > 

Middle car. S^e Chvity, tym¬ 
panic 

Milk, 1523, tsas 
Milk-fidae, 124 

Miiochoridna^ 2, 60, 63 
clcetron TriicTaflCopy.i 2 
Mitosis, 4, 5 

Moderator band. Set Tri^ 
becuJum, septomargi- 
ruil 

Modiolun cpchleir, 1282 
dei'elopmenl, 151 
of facEal tnusclea^ 5^6 
Moles» *8 
Monocyte, 46* 47i 
MonorchtOT> 1496 
Mons pubiiip 1531 
Mor^son's pouch, T 4 t 4 
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iimirr inJit.'iJua! iIfiw- 
turn 
Morvila, M 
Mmor end platc^ ^27 
AtoEor pfltb. fitifll CEHnmtiTij 
^^I 5 * 

Mumr 9^6, yi? 

Mouthy i HJ 
licvckipinmi, 84^ 
lymph v<wh> ^ < 

muccjui riHrTfjbRiPif, 
muscles, ss6 
priniihw, SSp lo^p 1^1 

1343^ * 34 ^^ 
movements— 

iKocaaDFy, 457 
drutljriiii, 
diheiokU lo^S 
uuintiMtiu BfiMM^berdp 

^ 3 &, if >67 
cbtirti*, ictio 
qortini t CnntP.di 1 04 1 
rG|:irc«cnEMlM>P* 5 A^ 

cqiiiiibralor>> 937 p i^ 8S 
fertiilp 124 

intt^faticHi, b>' cerebel¬ 
lum, 

jomtSip 45 S‘ 

Abduction^ 455 + 4 Sf> 
luJduction, 4 JSp 
circuindtHtkmp 436 
dorAifkiciun^ 4Sfr, 533 

337+ 538 ' 

cscTcnAMict, 455*4^ 
rfexioni +55, 4Sb 
Klidmj?p 4 S 3 
bveifiom, 537, 53» 
appoftitidn, 5U4 
pWlar RcXKkn^ 45(k. 
533 . 

proEuitiutii, 49^,^ 4i>^ 
radul dcviiTioftp 500 
funtjoiip 45(1, 4S7 
tupieiflfiuiip 495, 49b, 

uhtiir cJe^iaLtun, ^04 
knltBlkui^ 457 
pattern of, 144 ^ 
nuiKCt 4 JS 
reflex, 935 

ivnerFfic eonirol of, 03b, 
1077 

•h^rktia* 455 
volunfiiry caiurtil 
1041, 

nf bl»>A, m^, 55^1 
of chntinK. 4 ^^ 5 *^* 5 ^ 

of clenching fixi, 634 
tif cuuHhins^ 5H7 

of defltutatimi, iiljCip ijui 
of font iw n 543 

of Jocjrtfnothrfi, f*fi5. 69J 

of nutmicatiMn. 4^^ 

^ ntKlding, 47^ 
of punching, 4 ^ 1 , flrfl 
of pushing, 4H1, 61 
of irap^nlioti* 475^ 587 > 5 ^^ 

fif Hner^ngn 587 
of ftwajJo'A in|if« i 
of vocfll foldsp t315 

of w-«lki£ig, &ft5+ 
of yawning, 9.1A 
Movers, ptimPH 54 ^ 
MiJcUaog^. S 

Mdlkrun duct+ Ser I>ucl, 
panuEifiSoneph ric 


Mumliunl, of Uver, J 4 'ti 4 
MUSCLE Of MUSCLES^ 
fkcdnrkPp 54I:! 

effect of grtlvipL' cKip 
549 

lincBKomiu 3 ^ 
Hponcurcfefiis, 547, J50 
4 ihM:hmi; 3 iij), 546P S 47 
bipenirmirc, 547 

of bivalves, ^46 
blaod-vcs^ek of, 341 

capillflne^ of, 24 
cardinep 31 p^Sp S 4 fk, 7 i 9 
cotumns, 

conmcfion, 33p 34+ 547 
dpuenenttion, 93b 
devploprtiifnip lao, 1^3 
clcttffpn miflcweopyv 

fetsclcuh, J1 

Jit Jlp 54 * 
psilc- J 5 . 54 * 
red, 35, 546 
hxatEon, 348 

funns, 547 
finifoirn, 547 
hkEi;>liig%% 31 
uiiicrs'ntilHni, motor* 

549 ' 9 ^- 937 

rtrcipfoCnL 550 
scfrtOrs-, S49. 9^*. 

91a, 925, 926 

inserticKTip 54b 
inraluntari-. M.^ 

imstripi^ 

junction, with tpndon^ 

line of pull, 548 
I^Tnpbaiics, ab^rtcpof, 

motnr cnd-plaEPp ^49, 
926 

truklur unit, 926, 927 
ntu] tipennjite, 547 
nen-PH, ja, 349 
ircrs'c^ending^, motor* 

540 , 

Beiuorv', 550, V21 
oriHin, 54 £i 
pl*in. 31 35. St* 
plrtie, fd ptnbiyo, 77* 
195 

prime mover, 548 
4|uad riktcnjl, $47 
rtrF^«rf 35 
SpgmentHlion^ I15 
spindtpj 130, 931 
strnplike, 547 
tlrippd, 31* 3*, 133 , 

54 <* 

rrpmr of, js 
itrucrure, 31 to 36 
syncfific:* $4% 
tpndcnH, 547, sso 
icriius^ 549, 

rrtampilEr, 547 
unipcnnntc, 547 
utistripcd, 51, 35, 54& 
develupnient, tsj 
vjiriedci, 54* 
volunmrt-, Sf^ M.p 
sitiped 

action on Nrehea of font, 

544. S 4 S 
atids, 233 
cdrpomciBcarpiil joint 
of thumb, 504 


Musf le or Mliac]» 

actixkg on elbow-Jointp 
496 

eycboll, 1250P 1253 
fmgirra, 505 
head, 470 

hip-it>mt,5ifj, 5 ^ 7 . SiS 
knee-joint, 529 
niandihle, 4*1 
Eoetiicorpophalnn^^l 
joinPj S 95 
mctntu^iplxjibinneol 
inifibt, 543 

K^li^k-'uliUir icinrer 49*‘ 
ftnciuyer-^lfirdlc^ 481, 
482 

joinr, 4^7. 4 ^ 
lulrv^mral jainl, 534 
tanml juinu, 538 

loeap 543 

vertebra] eoEunm, 467 
vooil folds, 1313 

wnftt-jomr, 50 r 
abduclDr digiti irkinimi, 
ffoDE% (m 
(hand), 649 
haUileis, 987 
indicifl, 651 
pollida brevK 64* 
binguH, ^38 

surface nnmomy, 
fi 38 

^ytiPvul ihcoih^ 642 
ardducioe brevis, 661 

hallueis, bgo ' 

longus. Mto 
Enagnun^ (tHt. 

minlmun, 6^2 
pollick, 

nncnueUA, 637 
anorectui ring. 1445 
antitraipcuB^ 126* 
arch. mtllUr^v 

arreetores piloniriu 1 joe 
arbcwlttrU 
cubiti» 62G 
gpjiu, 659 

fli^episSottic. 1314, tji5 
aryleiloid, oblique, IM 4 m 

1315 

tfunsverse, 1314, 1315 
aurtculflfi^, anterior 1265 
puitcritif, I2ft5 
iuperior, 1265 
axitlary an:h. ■bij 
bicepa (bmehu), 

applied anatomy, 624 
long bead, *22 
ruprufe, 624 
in nh<»ujdpr-»join|, 486 
kyitutid fiheath, 484 
fcriioris, (17* 

ralatinn ti> knet-jolltt, 

^ 52J.547. *79 

bivmtcr cemew, 579 
brachblU, 624 
braeh iomdialin, ^33 
bronchial, tjjg 
bucemutor, §57 
action p 559 
relatinna, 559 

bulboc&vcmotjiu (buLbo- 
sptfettgiofiiu), bo 8 , 1529 
in tcitiule, 6op, 1520 
chondroglossus, 1377 
dliarii, 1238, 1341 
dcvclopmctii, 149 
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OT Muse Iras 

CAn^presMT 55 ^ 

UKthTWn 6cy 

iroiHtricior, of phflxyii*, 
ncrionft^ jp/i 
inf^rtori >387 
middle, 13^7 
■uperior, TjlJ? 

AifCthrr, 604 j 
cl>rBcnb^a^hilllw^ 6=j 
auHdCC nnAtortiV. tzi 
comi^ior, nyptreilii, SJ^ 
cuii» yni, i 44 S ^ 

Cli^klii^tcr, 393 

r«lanpn, to Iwmln, (449 
crit 0 i 3 rvtfnoid 

Interop ijMi 1115 
posiicertnr^ 1313+ i |<5 
cricopli 4 ir>T*Beua, 1387 
cricpchyrokJ, 1313+ 1315 
de^'ciciprncni+ 1J9 

l^fvt supply^ 1134 

dariujt, jljg, t^OO 

deltoid, 619 

9urr&Cif aRSi|cim>\ #»I9 
dcprc^or anvoli uris 557 . 

csudiFf fk 04 

Irtbii mfonoriit, 337* S<« 
lupercilii, 554 
aeptit 55I' 
detroior^ 1487 
diapltroi'm, 383 
■irtuui, 38^7^ 5KS 
applied anntwny, 38r| 
ilevclopincot, 20a, 2.04 
digysLfiCp 5 fi 9 

de^'clikpinctkt, liy 
diJatBior, fiiiftt, 35 t 

pupilla:^ 1242 I 

d<-ve|pprnent, 149 ! 

hrrve auppty, tay?.' 
tiojn lao? 
tulu.% 

dofso-epitrochltarifci ft 13 j 

cpkCftmiiij, 333 

erector ^pjxiffi 377 ' 5 ®*. .. ^ 
exlemcrr oirpi mdialisi | 
bre™, 633 
iurfacc anatomy, 

fynovtal s|t«atli, 

-has 

40i7aoc HnatPmy, 633 
tynos'tul >lic«th^ f«4^ 
carpi atnam> 63ft 

Ktirfntc KiWjl:oni>t 63ft 
s^'noviid NVitiith^ ft4J 
digtti minirnir ft 35 
aynovial Ehrathi, ^42 
digiiorum, 634 
jiciioiUp 635 
vyncAnal fhrnth» 64= 
bnvk«, OSj 
|i]n}[U}i, (74 

liynovkul *healh, W3 
l\{illua* bncvi*H 6ti6 
1 on^ii 4 i ft73 

inirfice^atomy, ft 74 
synovial ihraihi ^83 
mdictH, 640 

nym^viaL shcutft^ ^4 
[wllicia brci"i»T 

surtEioi! muiiomy, 6j8 

|oii|;ii>p 639 

HUrfu;^ aOAtomy, I14O 
d^Ttoviid ah-Wthp 642 

m 


! Muscle kir Muscled (mRrr.) 

I ribiilori^, Sflp M., j»rp- 

MOILS 

flexor cHtpk rsidiaiiip 

autfucc tTiatemy, 
uldinri^t ^^4 

luifaCoAnAKOtm'p ^29 
digiti ixiinimi brevis 

(ioo%)u ftoa 
[hand), 049 
fioxor digitOfllin 
acmcaionu^^ 6 K 8 
brevis, ft88 
lorffUA, 

fynovial sheath, 11^5 
pnkflindua, ft^o 
synovial sheath h ft4* 

superb ciabA ^Atjbihinis)| 

629 

roblions, 629 
s^ltOiial sVicxth^ ftl^, 

641 

hjillucu brer^'ia, bSg 

luMipjSr fi79 

svEiEivuil alicnih, 
p<i||ku brevis, <347 
lofigiifi, 63a 

synovial nhoath, 641 
i^asrrnciiETniuv^ ^77 
urmelius, inferior cr sup- 
eriorp ftf>9 
l£enioulo$$\i 9 , 137b 
istmionyoid, 570 
f^luteus maximum, ftbj 
hurBar, 663 
n»dius, ftft3 
ininimu-% ftfts 
jpacilis, ftfto, 67^ 
tumstrinfl, ftTO, 

surface alUirtOlt^, ft?! 
Iiclids majoTret Jittnor, iz66 
IworIossus, 1377 
ibacutf^ 6.^14 
fasdxp 653 

appliul armtomy, ft54 
iljocDfXT^'^ua, ft 94 
iliocostalb, 577 
cen-WM, 577 
lymhiknjMip 377 

rhotackp 377 
iliucwtoccrvkdisp 577 

iMnsucrulisH 6C4 
inctiivviH Labii inrynoriSp 560 
superinrit, 560 
ififraspfnalu^, 
tniencosUileSp 5S3p 5S3 
extemi, ^82 
iriEemi, $82 
infuni, 383 
developroent, 123 
in rapimt™, jiB^p 5BS 
intenKsei, dorsal, of foot, 
690 

uf haltdp 650,. ^51 
palnur^ 650, ^51 
planlar, (k^C 
lOlirrvpirudcs. 5B0 
inieniraniivcTic, 5B0 
ischioaivrrfio^us, 608 
In rciMiilc+ ft 10 
itLliasimua doTsi» ft i r, ft 13 
buraa* 4S5 

aurface urwHofny* M3 
IcVBioranRuli oriSp $ 37 . 55 ^ 
ani* 603, ^5 

appli^ aJiatisiTiVi 603, 
fti>ft 

morpholi>jn% ft *4 


^$79 

Muscle or Miiaofoa 
levAlor oiudie, ^04 
cosmeum, 384 
Rlarululx ihyroukz, 1328 
tnbii superiorla, 557, 560 
atiiN^urc nasi, 55^1 
palpcbr^superiorb, tS3 
pro 4 iat»p fto;3i 15*3 
icapularp ftl4 
veli patatinip 134? 

longUsiJxLUtt S77 

oipirkp 577^ 
oervkia. 577 

diontciit, 377 

lonmtuiUnali* UoRuir. T37B 
loMRUB capitis^ 573 


colli, 372 

[umbridTea, of ftMs 

Inmbricale^p of hurui, 649 
TiUksaeTcr, 560 

Rurfkce anatomy, ^fto 
mcnralb^ 357, 560 
mullitidua, 579 

mylohi-oUl, i 19. 57® 
obliquufr nuiicuke,. rtftft 
oipiliBK inferior^ 581 
flupcticir, 3K2 
cxrernus abdominis, 590 
actum. 125 k 59B 
in rectus sheath, 397 
intemus ab 4 i£)minks, 125, 

- 1. 1. 

in rams sh»m, 597 
ekuU inferior, 123^ 
superior^ 1152 
obturator, OKtCxnUS* ft7& 
intemus, ftOB 

oecipitnfmncahAn i iQh 55 ^ 
Hjfonhraid, 372 
OppoiHMUi di^ili minimi 
(font), ft^ 

(handb ft49 
polliniSK 647 

orbiculnEiiLociiliK 554. ^^ 57 . 
1=58 

action, 555 
oriSp 350 
of orhit^ 125 
nrhitalisK 1254 

of p^UtCp innerliB- 

tion, 1137 
patatoi^loimirr, i34^ 
palotnphar}'ftMOnS|i 154^ 
palmaris brevis, ^49 
IfinipiSp ftaB 

papillary, 711* 714 

developments tftft 
pectinaTi, 709 f 7 ■ 3 
peelineus, ftfto 
peexoraiis major, fti|, fttft 

surface onatoniy, 61ft 

mitmri ftiy 

pemamti (lihul an^^i, brevia, 

ft 75 

Ayncn tal shcnih, ftSs 
longus, ft75 

s^'Zlilvial lihrsSlh, ftSj 
tCftiusK ft 75 
pjrifnimU^ ftfts 

pluiitans, ft 70 
platysma, ^ftft 

deveLopmenlp 119 

pophteus* 679 

in knec-jt^i, 320, s*h 
525+ 5 ! 9 . ft 79 

pmeemi., 55ft 
pmiuimr tires, 62ft 
quadnitus, 632 

CT.A, 














INDEX 


ijte 

or Muscles (fflirJ*) 
pftm nu^nr* 6|i 
BcdoD, 6^4 
mtriCf, 

pterji^flkl^ Iflteiml, 562 I 

iTkt=iii&lp 5&3 I 

pubocoocy^tu^, 604 
puborccmli^ 604, 1444 

pubovnicolu, 
pyfornidftliji. 5^ 
quodraius feiiiartfi, 
limi^rurrip 602 
Qwdriccpm fcmdris, 
rrlJitiDn, tu kmoc-joint. 
520 . 5*1 

rcctococcygtuSp 1447 
RctD-urcihmlii, E447 
rcc|D^'nicfl]iA> 1^7 
rectum abdomtnil, 5^ 

S!>7 

turfficc aimtornyp 5971 

rectus cftpnii sntcnor^ 373 
iMicrmtii, 5TJ 
p 09 itiiJ)r sKi 

mlnor^ sHj 
of cry-cbiilj 1*5* 
iicbQbs+ 

fcmaris^ 65^ 
rhc»fnbciklcuii irujor, ^14 
fn»noT. 614 
rUorius^ 560 
ml«l-QrcSp j^9 

McrosptniilU. SetM.fCrtx- 
tsr apioA^ 

wilpiriROpWrynAinis, 1176+ 
i^Sa. 1J9C 
tsfioriLUK $57 

scaLcnus, rinicriorf 574 
cnodiusp 574 

miRimiUp. 1 J 37 

ppatcriorp 57+ 
sc3niiiicnibranoiu!i+ 671 
scmispinaJis cttpLtis^ 579 
ccn-idj, 579 
ihonicis, 379 
scjnhi:fKluio«m, $71^ 
surfscr *ruiTomyv $ 7 ^ 
^ETaiuii un icrvar* $ I ^ 
poatcrior mfi^rtcrk 

i «4 « 

ftlipcnorp 115, S-H 

HtleUJfp 67S 

spbincicr ani crtcmtiSp 

606* $ 07 > 1444 

initrnuip t 44 + 
pAlaxophAr>Tti;eiJp 13!^$ 
pupil! IE, 

drvcl^mrut, i49K 
1243 

pyloricp 1419, 14^0 
urrthra?, o&Jk 14^^ 
in ftf'ittalEp 610^ 149^ 
vnidE, 1 4!^^ 149“*» 

1491 

ftpuuilia, S77 

«pir«i 577 p 57 « 
pcmds. 577* 
thuracin^ S77# S?^ 
iplcxiius cipids^ 575 

ccrvicca* 577 
i»pcdiiup 127® 
de^elnpmenl, 

5 ter»ockiiJ*msisiQid^ 5$7, 

surface amiiojiiy* 5 t> 7 i 

5 $B 

itotnocostsliip 5S4 


MuseJe or Muscles 
Mtcniohyuid, 571 
fiiemaniAftlotd, x ±7 ^ 

sfcmpcleido- 

icrvastDJd 

iremothyfuidt 57^ 
atylDitloous, S 377 
fltvlohyotd, 569 
dcvekiipxficnt^ 119 
atylopharyttycui, ijBg 
dcvelupmrRlp 119 
mbanpniieusH $2$ 

^ubdAviui> 61H 
subcfisltlea,^ 
aubftCBputnrUp 620 
uipinaror^ $3$ 
ftiipr^pinaUiS, bn 
ffUapOHors'^ of duodctiump 
797. t42S 
trmporaliB, 561 
surlflCC anfltamy, S$l 
tcmporopanclalijp 553 . 533 
lessor fiuciui Uije. $37 
Butfdce flnaiomy. 557^ 
127& 

tyrnpajii, ll/fi- 
dcvclopnient, 119 
vcli pfllatini^ 1547 
lerts ninjori $21 
ttiifKpr» $21 

ihyrfMtytcnoid, I314+ *3iS 
lhyrcKEpi|i^1ottk, ili4h *3*5 
ihyrDhyniil, 372 
thyrophaTyng^us* 1387 
dbLslis snterio^ $7^ 

iurfaev Stlali>niy, 672, 
673 

i^tmivulI ftkeatlir 
posterior^ 6Sa 

synevkl alicadi, 6Ss 
trachnilis, 1324 
tragteuar 12^ 
tniiBVeiio-spirtba, 579 
XTansveisus HlKlominiiip 
i 13 p 594 

in TEotiiS ahrsth, 597 
fturiculir^ 1366 
linjfuaj, 1379 
nicnti, 537 
nuchic, 551 

perincl profunduip 609 
in fcnule, 610 
tupetAcial^^ 
in rcnittfe^ 609 
ibonicis^ 5^4 
trmprziiu. 6JI 
tricepg, 62+ 

tippUed aruituniy, 616 
surface anaEoni>v ^^5 
surtlfp &7B 

uvuUe, 134^ 

vasius iniermedius^ 65^! 

iRedialis, 63}^ 

retalion to ktiec-joinr, 

yrltiiSilb ILiijfuiE, t379 
vwal^ 13X4 
action, 13x5 

xyfinmoticui major, 557, 
5 Ckj 

nunur, 557. 

Muflciikm miacof oi itticE- 
tinr, 14JS, 1447 
of lEKiphai^B, 1395 
of itciinachH 1421 
MyclEnccphfllonH * 3 ?, 

144 


MjeUn, 40y 45, a/40 

Shi»di, medulbry, of 
nerves 

MyclinXEtion, in brain p i 43 h 
1052, loyS 

in spinal fnedullit, 127^ 107S 
<if auditory pathway, lOS- 
of visual pathway, 1052 
Myeloblast* 52 
MyclOcyleS, 47, 5^ • 

Myocardimn, 154, 717 - 7*9 
M>'OC«l, 79 
Myofibril, 33 
I Mycpfila^ni, 33 
! Myology^ XKU. 34^ 

' Myofnctriiim, I5i/i 
MyotomtSp 79 p 123 

coETtpnrqtavE itnatwiiyT til 
[ occipital, ivTt 1B3 

scgmcfiiol mnervation, 119$ 

Naboth, Ovules of. 15 |M 
Nail bed. 129B 
, Nail field, pTimary, 124 
I xNail wftll, J29® 

I Nails, 1*9* 

I doelopmeTiip 124^ 224 

growth. 1298, 1299 
Nanes^ f225p 1*27 
primitive, tt2 

Nssal baoci 302, 539 

I in norms fmntalia, afifii 

osaifkiition, 539 

Nasal c^^ncKoe. -bW Canch»* 
tiasiil * 

NaBioQ, 270 

Nasmyth's mcinbranr, 1370 
NiAsopharync. Pharynx* 
OAsol purl 

Navkuhir bone (fool), 434 
439 

homolotyp 443 
oasdieababp 44fk 
Burface onatomyi ^39 
of luuid. S^phnid 

bone 

Nvoceretocllmn, 973 
Neopaillum, 1021, to^k7 
dEvelopmctitp Ijbp l^lp 142 
differentiation, IO37 
proitetion fibnoap 142, lObl 
Ncofltriatum, 1031, toba 
evolution, to2i 
NcotKalamuifj. 1002 
NephrocmlEf C04 
Nephrogenic cord^ 79^ 105 
Nephron, 1476 
Nephmstomr-i 204 
Nephrotonre, 204 
Nerve cells* 37, 38, 913, ytj, 
^rr alia CelLS| nerV^ 
Nerve^endings. 919 to 92b 
motor, 92(1 

Nerve-libres. Ser Fibres, 

ru;ri‘t 

Nerve ganglia. Set Ganglia 
Nerve plexus. Set Plexus 
Nen^c-toots of apinat ticirca. 
Set Roots 

NERVE or NER^^ES— 
adrenergic, 114/9 
sfTeretit. Sre N.^ sen- 
sory 

bhiod^veiucb, to^o 
cholinergic^ 11:99 
development, 127 
etfcreni. N.* motor 










IXDEX 


Nerve t*r Nervr* (to#!/,) 

motor 5i3i, 

loyi 

dcvelOfkITVCnt, taS 
termitUitiOTM, 0^6 
Twrvi ncr^'oruffl, BOflo 
orii^n 

fictfti), io«S, 1090 
pofii-trtmAiic, f 17+ ti9 1 
• pte-tremuticp 117* 
rami MitiiiHiniaintci*! 


Nerve or Nerves {ireotr) 
of jejunum^ laiSp i+ja 
of jointly 457 i 43^- 
afro N,, arttculnr 
of kidneys, 1T35, iaJ 7 
of labimn nidjuRp Ji74i 

of lajymr, 1153, 1134, 
iiJS* 

lao^ 1317 

of ilmbs^ lower ^ 73 ** 


([MV, 1145^ laoa 
whitcp g 37 p 1 H 5 . 
1204 • I 

ramin of SpSaml nerve*, j 
Ramr donal I 
and ’i'entrAl 

srn^oiv'p 515, 931* 

T^S, j 

developmuitk x ±3 
tcrmirnidon, 91^ co I 
926, 1091 I 

atnactuiej loSS 
of nbdomioal 

laoo. iioj, 1213 (o 


wnJ!+ 1169, 117* to 

1174 

of onol drualt tSM, l 44 Sh 

144 ^ 

of dUflicory liibe* 1276 
of auridep 1267 
of back, 1147 to 1150 
of bladder, orinary'<p lajo 
[480 

of hlood-vjfsichp 690, 

12*4 

of boDTi 23 

of brnnehip xiir, 113$, 
rzoO^ 1216^ 1344 
ot buttockp 1149. 1*7^. 
1174, 118a 

of enroty aioufip 1128 
ofditorLl^ IIOQ, t232 
of coloxip I 3 t 8 , tT. 1 ^^ 

*448 

of connecti^T iissoep t 8 
of coriiim, 920. 9^1 
of comca^ 
t 239 

of diaphra4{tn, 507^ USJ 
oiduodennrOp 1 i^Sp 1217^ 

1426 

of dura mater *082, 
1 104 p 1133^ 11 4 ^ 
of cpEdetmbp 920 
of epidid^Tnifp 12x74 t 49 ^ 
of epiptlotbip iiJ3^ X 3 t 7 
of e^'etdl^ 1097. 

1143, i24f, 1250 
□f cyriidap 1260 
of face, imoiorp 
sBitHory, U03 to 

1151 

of ftogersp Ilb2p 1164^ 
J165 

of ftiotp 1179 * 11^5 to 

I 119* 

ofjpniu, 1345 
of NihI, Piba. 1164, 
n6s, 1167 

of h^iTp 732. 733 f 1135, 
1307 , tni 9 h 
of ileiUft, J 2 i 8 ^ 143^ 
of imestinop Urs^^ iai 8 ^ 
lai^p ^ 44 ^ 
fixm^llp [2 i 8, 1431 
of iri*^ 1=43 


seq. 

morpholOEy, ngip 
1195 

upper 
morphology p 

of liver tl 35 p t4h3 
of tunipip tijip 113s. 

lair laio^ 1342 
of IHinditti*, acoustie, OK- I 
tcjOBt, i[ 09 p tJ 33 «! 
1268 I 

of meninges, 10S2, 1104, 
1133, 1146 

of naffll (avil5*^ 1093, 
llOJf rloSp liotj* 

1107* 1230 

ieptuiTii iooIp 
IE07, Z230 

of Qeck, 1147* I tt52 
of ttoSEp Il 03 i 1145 * 
11D7, ii27p 1230 
of cnnphajpja, 1132^ 
1135, laoOp 1393 

of orbit* iio6j 1230 
of ovaryp 1217, 1511 
of psbte, i [ob, ii29p 
l> 4 <»p ‘J 48 ^ 

ofpflimp I ib2| 1165 
of pancreaa, 1132* 1217* 

t . 

of paralliyroid ^^landp 
i$%i 

of parotid ^londp tloo, 
lijo, J2Mp 1352 
of penU, ii 74 i I490p 
1200,1504 

of pharynsntyinpiifiie 
tube. AVe N,+ of aodi- 
toty tube 

of pharyni, 1139 * H33. 
1-07, 1390 

of pleura, 1329, ijjo 
of proataCCp t22r 
of Kialp, zt02p 1104, 
Uo^p tl47, 1151 
of »crotumH 1174, 1182, 
119a, 1501 

of semifM! vtaicle, 1231 , 
t 40 U 

Ilf ^kiOp yZO, 92 t 

of stomach, 1J 324 II35- 
iroO, 1217» 14^3 
of sublingual g]itnd, it 21, 

1199.135s 

of iiibirtaodibular glAud, 

tiia, 1199. 135s 

of suprarenal gland, 1217^ 
1338 

of uwtr iio^ 

1129, 1214 
of tecthp 1 10^ 1111 
of testii, 1217, i-{ 9 ^ 
oftbyrnuftt 1540 
of Khyroidp 1209, 15I9 
of lonKU?, inoiof, 1137. 
* 37 » 


t5Si 

Nerve or Nervts (rani.) 

of fonguf, senaory, I ro^p 
1119, 1129, 1380 
tasic, 1119, 1129, 1124, 
1380 

of tonsil, Itob, illy, 

of iTflcbea, 1135, 1209^ 
ijir 131s 

of t^Tnpank cavity, 1179+ 
llSo 

of Wist, 1117, 12 i 9 p 

1220, 1481 
of urethra, ti^ 
of ulcma, tioop 1 ail* 
1222, 1518 

of inginAp 4221* J222, 
1511 

of visceral arches, ttyj 
1 ao 

abducent, ybsa 1 >^3 
analjuii, 1142 
applied Aluitomy, ti I 4 p 

J 122 

coinmuiueationa^ 1206 
coftrunclana, ti 13 
course, iiH 
developmom, 13 

*44 

mnrpHalogy^ 114*3 

nuclcuii* 131+ 134- 

^ccssoryp 131, t44, 1130 
miiily'abp tt43 
applied fluaiomy* p37 
communicaiictn, with cer- 
vicU plexus, 1137 
with ^ivffua, 1132 
dural sheath, 1131 
morphDlogyf 1141 
midet, 957 

rcHiix, cranial, 957* tilb 
ipinal. 93np **37 
surface anHiOfny. 1137 
acoustic. St* N-t *tat 9 ' 

BCOUJIliC 

alveolar 

inferior tttt 
superior > 
to anconeus, lib? 
onococcy}^l^ 1191 
airwa ccrvicabs and ftub- 
clavia^ i 5 rr Arhi 
anicubr, 457 p 45®. Sit 
ufiu umi*f indivyidml 
JoidES 

nudltory (stafO-aeailStiCj,| 
i2gj 

analpis* IJ43 
applied anAtoray^ 11 
development J44 k *5* 
HBdKliJii I 293 i *^ 9 + 
developrntnt, i44p IS^ 

I momhaloEryV 1*2^^ 'M* 

myenrtdtiodp iot#3 
atruclura, 1026 
lurjculaj-, 

HTratp 1*51 

CQmmuniCfltloni, 

Jlf I 

poeterior 

of Auriojlcitemporal, i tog 
' of fdcidl^p 1 * 19 

of leaser ocdpical. itsi 
of vAKtUi *l 33 i **1=^ 
morphology, 1136 
uiiriculoiempORlI* 1X09, 
t aOO 
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15S.1 

Nerve or Nerves I 

iurfculotc^poraJT com- 1 

TnUtiicaTion.v^Mhflieul,' 

ll&O 

buccel^ of fsciil, 1 130 > 
of m^ndibulur^ 1 lotl 
culiidne^rk, 

cardiac, 72^, 733^ mSSi 
1307^ 1200 ^ 

oF rrtarrrnt lorynBcol, 
<J 3 S 

of lympAlhctiCf 1107, 
[2ChJ. I'ltOt E 2 E 5 

of ^^>5 

isiir^ttcoc^'inpefuc. 110 ^, 

1^80 

cnrr^tid* miernsd, nob 
of §£lMM;^ibar>'njtAi^ii 1 
of rafjti*K H3J 
to Carotid body, tiiFS, ^*,TJ 
onrernoinik t;± 3 l 
ccrcbroapinolf 10S8 
Atrticitifrt Ici^Si tu I 

vr-i(«tt!h 1090 

cervdeal, 1 i44n ■ 

cuDitnemu di&tnbution, 

limt, Nrp MUb- 

oocipitul 

muscuEuT dbtribution, 

I 

mrrii^idomib T147.1148 
%'rnrriir. 1150 
of fociidk Tt4i 

chords lyropBEu^ I20t 

ITxH^ fZ7]p 

1380, 

vpplini iLoalomy^ 1132 
pamsYinrti’iilticTtfi fibres^ 
11 ^ 

in I 374 < 

in tympaJiK- cuvity, 

1171, uSo 
ciliAiy, Icou, T1Q3+ 

1343, i^yo 

dicn, itoj^ 1194;?, 

1131J, 1343, H50 
circumflex huntmd (nxil-; 

buy). 4 ^J* IIS* 
cocci'RMiH i t 4 Bi 1 t 5 ®P I I 77 h ‘ 
iroi I 

mmu 4 . dormoi, 115a ' 

vcntmlk 1179 I 

riKiifi, 1145 1 

coebJeaTr 1133, 1204 | 

applied unacoiiiy . xi:iA . 

ri 43 ‘ 

ilevclupnidit, 144, I SI* 
lUb 

Ipm^lion, 1394 
tuorj^lotiY, 1126* 1141 
myciinitrion, jot^j 
nticlcui* damil, 9&4, 

i 114 p iJi6 

vcoirald vb^P ■ 

112s 

ctrliar^ of vBg\Ui, |i3S 
oollfltcryl, of intcicDALnl^ 

llfiy, 1171 

tif IllinEHir^ firtt* 1174 
uinar^ 11^7 

fo comcobfacbifllb. *158 
conduction^ 917 
enmUtk 

oruilyviBk ii 4 '^- >^43 

coiuponenbi^ to 

1143 

devcIoFmteMik t44 


Nerve or Nerves (coiU.) 
craniaJf evolution, 1088 
motphiiloi^, 1140, 

ti^i 

rnyelinoitioii,, 1091 
^bcnth? of^ loSo, 

10K7 

citUneoufi-— 

xfitebtdcJiml.i^erN^p cut^p^ 
of Formrtii 

antenoT^ of iliobVpn^g^J^ 
trie, U74 

of neck- iUf N*p cu' 
T^neoMS, Tram%cr 5 c 1 
tif Ehortix, ii(j9 
of untlp, Intcm]^ frn^erp 
iib7 

lippeCk 1158 
m^iolp 1160 
posterior, | i<i7 
nf oilf^ fnterfll„ ti^8 
of forenfim* lalcnllH Iis8 
tnrdijlp ti6a 
pofitcfior, 11 <“37 
laEemlp of iliolivfHij^AstrLc, 
tr 74 

nf iriTefCO^tolflH 1 ifHJn 

*172 

of iwelftb thonjcici 

IV72 

of Irtt, bitErab F18A 
pnlmor^ of mediotk, nb^ 

of uifULT,. j i£p 4 
pcrfamtinif, iir^ 
of tbiRhi inTcmiediiitCp 

1177 

bicrul. Ji74t ti7S ! 
incdial,. 

postetior, I t8o» 1 
perineal bianchp 
ti8a 

transyrrse of neck, 115] 
dEiepp nf uirtqrr nbf 
dentaJ, ^'ife N* al veolar 
de^rnden« cert-jcaib artd 
hypot^lu 4 isi. *^1^, 
Rootv, of fliiihq ccri'i- ! 
calls 

to diyiutric, 1120 ! 

di^llaj, dor^], of fidiflS, ' 

I 

of toesp T188, nSv^ 
ti9o i 

of itrtat lor, 11&8, 

1189. 110* 

01 ulmir, 1164 
pufmoir,. of jncdionip 1163 
of iilimr^ tifi4, mb^ 
pkntpr* ttfift, 1187^ I r 38 
dorsal, of diiorif. 1190 
of penifL, I loo 

BcapuUir, 1157 
of ulnar, r 1 ^ 
endirtpp in Comr^, 030 
etTcetdr. HjJfc 
Elower Sprmy^ 9^22 
frecp -^20 

flitKition of, fjfZl lo 917 
of HulHfii, 9^1 
receptor^ 919 to 02b 
lenwry. 919 to yzb 
Ethmoidal, imirriar, 1103 
p^icriar, 1103 
Tacfalf 1214 
alUklyltis, 1142 
appltfd LFijalomy, 1123^ 
1380 

brnncKcH, 1117 to Eiaa 


Nerve or Nervesi (rcpitd 
faeixLp coursCi qb^, qiOb, 

til? 

Comrnun.EL'aEJoiiS, 1127k 

1118 

drvckipmcni, iitp IM, 

144. 151 

piaiiRUotl, 1117 
REiliculiimp 965 
lictiu, M 1 7 * 

rmirpihAtloMy, tt 4 t 
tiucIcuK, motor, 232, 134, 
965, ttih 
sriKoryi 1116 
parasympathetic BbrEi, 
mb, 1104 

rvlaTlons, iti internal acoo^ 
■tiv tiiEaiiJs, 1227 
in parotid ^lond, 3 353 
in pfirm^ 4^5^ gbb 
in l«n pOKi] bom!* 1117, 
1280 

n»i, mmor, 1115, 1118 
sensory, 111111 b 
ourfucc annloniy* 1117 
foiiioralp t!r73p 1276 

d i vision p anterior, 117^ 
puAierkirp 1174 
of >TEI1LtorCI!lOT1tK EE74 
bbfcfi. ^er Fibre* nerve 

froniuk 1 
fnrcBhft^ 1173 

^anjfhonic, of mjixillnry* 
1104 

KJfttriCp of i'a^Vp 113^ 
tioo, 1433, 1433 
|o i^niohyoid, 1139, 1151 
iiErLitH^ of ijcnirofcfnoralp 
1 J 74 

{^mEofeiiKitiLl, 1173, 1174 
applied iruitomy^ 1483 
^lo&aophdryQlfeAL, 941/, 
950, 05i, 937, y(kSp 

tJ ^7 

arul>-vipt, ri43 
lniarkch», tt 38 to 1130 
>ctirrrmtmicB.t{ori k wlUt 
otic 2|Aiitd[on, 1138, 
ttjo 

d^!iflopment* Jti, taOp 
^44 

dural xhvaih* 1137 
Ittinglup E127 
morphology, 1141* 1130 
nucleus, moEort 957* 1 li? 

beivu;kr>« 1137 
ertj^inp ^tipcrficiiil; 949 
parstMcnpatbodc fibresr 
izoo 

t^mpiuiic branch p iJ38p 
1100, [280 

giuii!aZ, inferior, 1 t8o^ 

128] 

superior* ii8o^ nil 
of pofiterior fEmoirnl cuta- 
hcQuii, ttiz 
of sacral nervv^f 1 149 
ha-'inorrlioidol, inferior. 

Sfi- N-fc rectal, inferior 

hepatic^ of vtt|fuj9, 1135 

hvfHiRHstrk, 1330 

fiypf elfwsalj 94 ^*, 95 J. 957 

anal|k'Si 5 , 11:43 
applied sJuiEomy, 1139 
couimunkadctte, with 
a>TnpdrhetiCp 1^57 
u'lib ^'oaut, 1133: 











INDEX 


Nerf^e at Nerves 

hyi>aeIoeFiuil^ dHcent^Ing 
brQi>cli» 113S 
cievtli^pm^Tit, 117, i2j 
13a. 144, iHj 
uural shi^dlh, 11 
mo rp ha Id 1^3'p tt^O | 

nudcw, 9 S 3 +Q 5 Tp i*:J8 I 
prigin^ iiuperfkid, 113S ' 
121K I 

iliohypujiprtitic, I I 73 f ^^74 

jlio-iTifpiinjiL 1174 

1111 

inira-orblral, 
int'raputdlArp 1179 
iiiLrTitLTvchlea.r. noj I 

intrrmsui], 1164 ]^ 1 

applied aiuEyni^'h t i7Z 
liiTiip I 

lower five, 1170 
^C 4 >nd to sKi^cthr 11 
twelfth^ tt7t 

inrercustnbndiijil^ IXlK, 




$I7P 

m[cnn^ju 4 > urSf 
tioy 

uttcrniefienteTicH rxiH 
mteros&ctiU^^ of fpreurm, 
q^pteHor, iiba 
posrerwr* 1167 

of fi>OS ^ I I fl& 
ct tBrnuv, I |K|^ 

inlctEirLolt of Alttru^n 1 2^ 
jejufittb iai8 
rujirulur, 1207 
labSal, of ritoiith, s so* 
of vtil 1190 
Eacrmiul, 1 lOl 
Uryj)f£cab external. 

intetodl, ii^ 1J17 
reoumenl^ 7^1:3* *i35p. 

1317 I 

applied altalnni]^^ It^iA I 
devr]opment, 119^ iiO| 1 
1:70 I 

ttipehotp I20p 

lui^tiijopha^'ngeaT, of tym -; 

patheliCp 

to laterfl,! ptefyp^oid, 1109 

to latusirop? donki^ Stt N.,! 

thornCiHloi^nt 
fo Iv^tarot unin 1180. 11^ 
Jifi^uab tioti 

devclopTneiit^ 183 
of nlo&aophar^Tiqeal ,1129! 
of 11 

lonj!^ ihotitcic, 1157 
lumbar, 1145, n4y, 117J 
eiitaneoua dutHbuiiofiH • 
I J(J5, 1 ig6 

mmeuiif distribution, 1 

1197 

rami, domil, j 149 
ventrilp 117J 
roott of, 1145^ 
luTTibofctilcml tmtUip tl7J, 

n8o 

mandibular^ itot^ imj 
applied amitomy, lira 
devol 0 pmefit+ 1 11, Jao< 

relation, to mandibular ■ 
Mfcb, Ilia 


raois, 1x07 
of facial,! 
fmuweiertc, 11^19 
maxillary^ iioi> iroj 


Nervo or Nerves fronl.) 
maxillary, appItHl ana- 

tqm>% ril 3 

bfitnch», 1103 lo 1^07 
to tiTcdial picrygold, it 08 
median, 1160 

applied anatomy, El 64 i 
brnnehea^ uAj, uba 
cmnpiimun, widi rrwdial 
plantar, T1K7 
itijurieft, 11O8 
lyrffiee anatomy, 1161 
nieuinfiotib of byporfdosa^d, 
1138 

ormaxiltar> , ttof 
of Spinal nerves, 114b 
elf vagus, 1133 
mental, ti[^ 

muaculocutoncotiap of iiim, 
1138 

peculiurilieS, 1 1 59 
surface arLuioirEyi IX 5^> 
of lofl. Stt perOA- ; 

eal, superttijuail | 

myiohyrjjd, lui 
nasal, eXlerllRlp tl.03 ' 

internal^ 1103 
of fpeatOT palDline, 11OO | 
of Infm-oebital, liQj, ’ 
1105 

of superior alveolar^ 1103 
lulaociLuury, E E02 
ner\v3Hjm, 1O90 
mii^r 920 

obturator, 1173, 1175 
perrulLarilies, 1176 
icoescoryv 1173* 1176 
to nhttjnitor 101010141*, 1180 
occipitnJ, Hrcxtcr, *147 
Ivsser* Tiji 
tKiid+ j 147 
□f fiioiii, 1120 
ncqlomnlqr^ 1096, Ja^^ 
in emvemous 3 inua, 
830, 1097 
in otbii, XC97 
in superior orbiiol lii- 
aunc^ to97, E232 
nnoJ^rsb, 1142 
applied Anatomyv 1099 
deih^lupmeiit, 135, 144 
morpbolojisy, 1x40 
nucicua, 992, I09&, I 
parasympathetic fibres, 
1^, 1097, 1199 
tami of, t097 

iLivuphxgeaL of ^Xgur^ 1132, 
I13S+ 1200, 1393 
of sy^lp^fltbe^^c, 1393 
oifnclory, 1031^ [^>93, 1234 
annlysifi, 1142 
applied uniifomy, ioh> 4 
coiurcxioti*, 1030 
dei^lopmetil, I43 

injuryv im>4 

morphologj% tt4i 
ophtbalmk, rmi 

in oavemokia smus, 
830, 1101 

in orbit+ T lOi 1 q 11{33 
applied anatomy^ iiia 
isommuniaition^K uou 
120b 

opiic, 109S 

absence of neumlemmaf 
i «>3 

m cnninl aivlt>% 1095 
anulv’tis^ rr4£ 


tsSs 

Nerve or Nerves (eoirld 
opUCt applied atiatnniy> 
1093, JD96 
connexions. 1015 
decussBiJon, 1013 
dm'clupmjcnl, ns* I 3 »h 

147 

fibrex, siec of, 1093 

numbers of, 1095 
morpbofog)', 11 4 E 
rnyelinatJon, IO93 
fibeatbi inSoi 1095 
oebinil^ of picryjiopilaiine* 
^iglion, 110b 
palatine, f{nraEer and IcXSrr, 
Iid 6 

palpcbnd, 1105 
P^inereartei, in8 
EO pectlneus, 117b 
pectoraJk laternl^ i 157 
irietllub 1158 

pelvic ipbindrnK:, 937, 

1146^ 1 ^ 79 , i^ooi 

IZI% 1220 
devdopment, 12t^ 
perforating eutaiufous, II90 
perinoa^ of posterior 
cutaneous n. of 

Et 82 

of pudendah t tpo 
of oaoral, fourth. 1190 
P«ronea 3 , 

common (liueral popli- 
leal), IIS8 

deep (onttriciir fibial), 
ik8^ 

superlkli)d (muaenlii^ut^' 
ncuuah ti88 

petmuh deep, ildA, 1118, 
r2D6 

external, 1x18, 1209 
grutcr^ 1106^ mSj 1380 
lefeEcr, 1118, J I18, 1200^ 
tztto 

pharyp^euL, of (rfosiKH 
pharyngeal, 1129 
nf pier^'iropalatinc gang' 
linn, 11C7 

of vjigui, 1133, J137 
phrnik, rr53 

applied anatomy, 1 j 34 
eOUTKI nf, IIS4 
dcvelopntcnt, 101 
uccwor)', 115+ 
to piriformis, iihc 
pliillEar^ lateral,, J f 87 
Tntdlul, 1185, E Ekb 

poplUrat, Laterali iSVe N. 
poronoal, conmion 
Tiled ill]. iVrr ttblll 
tn pdplileuj, 1185 
pirCcniical, 1^37 
prrsacrai^ 

of ptccv'goid canal. Hob, 
HiK 

loptelV’itoida, iXOK, |i09 
pudeftiial, 1180, 
puEmonarv^, of Vag^Ua, 1132^ 
1133,. JjoO, 1341 
of i^Tfipnthetic^ 1211, 
IZ15, 1343 

to i:^UBdnitU>^ femuraa, 1189 
radtah tibs 

applied aniL Co my, 1168 
branches, 1x83, txbfi, 

ttfi7 

injuriea of, 11 
surface omtDfny, fi8j 






INDEX 


tS8+ 

N-trv^ or Ncrvts 
infeiiorp 

ID f«ctus fonofii, X 1^9 
itnal of aympBth^tk, laij 
irnnl, of vngutp 1135 
to liiDinboidB. 

doisoj BcapuluT 
»cml« 1145, iI 49 h CI 79 
nTih, 1191 

t>jira>ym|Hilhciic fibr«, 
1100 

nvmit do£Mall«. 1149 
ventiml, 1179 

Xt 4 i. 

upbenoufi, 1179 
to AdrtoHuJ. J J7S 
iiciit^uliir, domilp 1157 
seiAtic, 
jifteiy^ 
coujvtf ii!S4r 
brjindird^ ti^ 

SUEfuCf KiutDDiy^ II 1^4 
scratnl, of pcnnedl^, JJ90 
to senatus BzitcTior, S€t 
lanR tboraoc 

^phctlQpilAtiric. kKiU» 1107 
«hoR. 1107 

$phrtKi«r Anip 1x90 

autonotnk fibred, 114b 
coitipoQeriUp 114; 
oitaRcoUi daltibuilDHp 
1193 

development^ tx 6 ^ 12.7^ 
148* lio 

dlvistoPfi^ Sw Eflini 
evolutinn, 1191 
i^nglit. Sft OaotCHon^ 
fiploit 

1191 

inorphaloRyi 1x91 
myfhtutionp 1078 
imi.Hcukr dktribuiion, 
119^ 

uvcrlBpp enlAiMUs, 1192 
pamaympALhetic ftbretp 
t t4fi 

ramii ooEnmunicanteap 
(iors4^p vefilraL 
RamJ 

reltrion m ^^^ricbnc^ 
1144 ^ ”45 

™^y 930. Wf (* 4 if 
ti44p 1x45 

»cRrnciitiil oitBink loS^ 
ttomAtk fibrra, II45 
•y‘Xnp«dictu: fibm^ 1x46 
I}fpic 4 l, iiqt 
Kpino-ocdpiCiil| iij7 
Kpiltl 3441 B^ 11o£, M&a 
^lAUChfliC^ RTCAler^ IZIt 
lesfterp X2lt, 12X2 
Iqwestp nil* 1213 
lumbftri 1313 
pcIviCp 937, ii 4 ^r ”79. 
1190^ rzoo, t2r9p tiia 

to itapi^i-LUr [ I [8 
Suilo 4 i:titiAtl.c raoditofyF, 
1137, 1493 
■natyvta, it43 
applied arwlomy^ mb 
lievelopmcfit. I44t 
ipmiili^ 144, 151, 1193 h 
12 W- 

mDrpbpLQRlrV 1 i 2b ” 41 

imurtiin-p nab 
to itylohyoid, itao 
to lubcUviixi, 1157 


Kerve or Nervos (ci?nl+) 
subcDstolp ix69p 1171 
^oboodpital^ 1141, 1147, 

life 

»ub»caputBt| 1158 
aupradavkykr, itj:t 
vupm-otbital, 1103 
«upT4«4aputdrp IT57 
mlpraftochlHr^ 1102 , 

t^iiralp , 

commiuiica cinfTi 1 

AymptatiiDfic. Sys¬ 

tem, lympathclic 
lomponaU de<^, 1109 
Ilf auHcuioleinporatp 1109 
offaeiaLii4a I 

luperficiai, 11 &i| 
tcnfDrii^ ttor 

Id terra minor, , 

tcrmmalU, xort, 1093^ 
X094, 

flioracjc. xt44, 11447, 1169 
applied Mia«omyp 1x72. 
tumneoiiS dJjtuibiition, 
1169 to 1173^ 1793 
romip doi^b 1 ^ 49 
vemmt, 11A9 
rooti, JJ44 
commuiLtcatiniE, 1169 
Hmtp XZS5. 11% 
long, ti57 

lo^er lix 1170 

IwclftH, it%p I171 
upper aix, 1169 
tlmnurodorsaJ, 
tn thyrobyotd^ 1139 
tLyroid, rzog 

Ijhiaf {medn popliteal l, 
1184.111^$ 

umeiior« 5 «N-pctoimI 

dc^p 

poatmor. N. cihial 
ton^llkn -of RloSiaophpiTTi- 
KC^p 1129 

triRemioaJ^ 953, 957, 1 too, 
9b^p ybb, 
azialyAia, 1143 
applied fourtimy, 1113 
culiiEieou.% dMinbutLorip 
tll4 

dei'olopineni, 11 
133^ 144 
gnngliarip EtOO 
morpholog)', 1x41 
tiiveliiution, 1092 
nueletiSp unesencephalicp 
134.991. ”Ol 
mrttorp 9^7, 1101 
ooHOiy^ 96S, J ioi 
of spinal tiract, 953, 
uS 7 i ^^1 * pi 
flOpcdicial I 962 
tOdtp moDor, Eloi, 1107 
aemoryp nog 
apiniil traet, 965 
[rwhteAr, 991^ 1099 

In civa-noua tinuft, 
^50, 1100 
in orbntp t lOd 
in superior orbital fia-^' 
ji^e^ 11 DO, jzsz ' 
atiilyab^ 1143 
applied anqtumyp 1100 
communEortion^ with 
ftyinpithetii^ 1 iOO,t£ob' 
docimation^ 991, r 100 
development, 134, 144 
morpholEtgy, 3140 


Nerve or Nerves iemt.} 
irnehlear^ nucleii9> 991 i. 
1099^ 1100 

oriltin, auperficuih J LOO 
lympanic, 11*8* laoo, taSo 
uIubt^ j J &3 

applied atmtotny, iif»S 
brattchi^p tLd4p LI65 
comporuont with bit- 
trnl plfuitaTp tl #7 
surface anatainyj 1164 
coUaieral, 11% 
uterine, 1221 
vagiJB,^ 23 . 957 + 
onalyiaia, *143 
applied anatomy# n jb 
brandie«^ 1133 to 113^1 
1200 

nuiiculiir. i L33 
cardiac^ *^35< 1200# 

Ills 

oommufui'atioiu, 1131# 
113 a* 1207^ 1209 
othh. acccMory nmc, 
llji, ttJ2> 1136, 

1137 

cQiuse, 11311 1133 
dovdopinent, 111^ x^i, 
i 3 aK 144 

dural thedth, ll j t 
ganglia^ 1131* iiji 
morphology^ ”3^, 114I 
nuelciiH^ dot^, ^33, 953^ 
9 S 7 t iw 

mmki, other, 957, 1130 
origin, de^, 1130 * 

4 uperfiE:iai, 1130, jjje 
parasympfithcriE: fibrea^ 
X2od 

TwnuK iingualiAp 1133, 

1138 

reflexes, lijA 
lu vud, 1179 
vesieah 1230,. 14^9 
vesfAbulafp 9&0, ii23p 1393 
annJy^ia, 1143 
applird an^tomy^ rra& 
eoiincxion?, 1123 
dcvdopiTwnt* 144^ 151, 
t r^n 

RflOglion, 1293 
in inicrtul car, 

12^3 

morphciIoKyv mb, 1141 
nudei, <jj7, fl*o, 9(3, 

I 123 

ayKomutie, itOf 
offfld&l, It20 
ayRomuticofacia), 1104 
EygnmaticDicmpnraJp 1104 
Nervous tfasiie, j7 
Neiwort, arterial— 
mallcoter, 829 
capilturs^, 697 

perinuclear q.f nen c-eelisp 
40 

veciouo^ ssa 

dorxa], of haiid,^ 8^4, Ssj 
of fool, S64 
plonian 

Ncur^ioderm, 1^9 
Nctjfiiia, optic, lopy# 1096 
XeurubintojEk, t3i, 966, 1130 
of facial nucleus^ 965, 9% 
NeuroblnatAp t^y, |j8 
NEuroJibrila, 41 
NeumsUa, 17, 37. 38, 931 
ilciiieloptDeni, 
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MfUfohypCpph>‘*ifl, l?n:? 

40, 43g 915 
devcl^mcni, izif 
Nctifdlogy, xtlW^ 913 
Nciimmiuit^ V136 
Ncumcic^ 91J, gis 
oiiuiectcir^ 914 

in cprtw cerebri^ 1037 to 

1039 

cfUcfotp 914, 915 

aUtqDOmic^ 9J7^ iza^ 

GoI^l, typea L oruJ 11 , 

934 

int^muna^i, 914^ 
intcrK^oitAtp 934 
inu^cgm^ntiiK 934 
motor, 9 i 4 > 9*51 *973 
fippKial uniiiQinyp 1070, 
toyS 

lovpcr aitd upptr, io77h 
1*79 

fccrptnrn gtip 915 
vtmory, 9131 913. 1073 
ih-r^cyj 

^t^curQftogniphyf icM^o, ic66 

Neuroportp 77* I ii> 

XcuroKendinau^ cndmij,^ 911 
Nipple, 1343 

development, Ea+ 

dninaiT^, SSg4 
f-upernmnermryV X X4 

grajiuEeSp 40^ 916 
Node„ Airiovaitrieiilur, 167, 
720 

pdlfUQVep 74^ 431 
of Rimvier, 42 
$inu- 4 erii*U 1^7* 7JO 
Noduk, ot ceiflbclluin. 973 
tonctiortv of, 9^4 
Ifirtliform, of icveiis* iTfl 
lyniphiitic. Sv Lymph 
nodea 

of oomc, 714 

poLmoniur^^ 713 
Norma b^alis, 265^ 38a 
fTonidlts, a^Sp *70 
bterBli^, 2^15, 377 

OoEnpitnlii, 265^ 

^rticatia, 265, 26 ^ 
NormobloKfd, 46. 53 
r^osop extvrpal, 1225 

apptiedi Btiatomyi I2j4 
jirteriOfip 74Sp 757, 759, 
J 327 

dofomiiky, H34 
deN^lopmcnt, uip 145 
lyinphi.uc draifu^c, 
musdn^ 556 
jicLTi'ta, 1327 
vein^p 1237 

cavity^ 299. 3O3. ^ 4*7 
dpertyrrrE, 27*. 3 <^-x 
Hi birth, 353 
Jevclopioctifp Iii* 1:4s 
]>TTiph vesBe!*, JiftS, 
S »9 

mtU^OUf irvcmbninef 

1229 

rwn'«p t093, 1230 
olfactory TCHiofip 1093, 
Ujo 

rElfiuon, to craitkl 
Civity, 299 
til orbit, 30Q 
te^piratory reifioOp 

mg 

fluof, 399, 3001 303 p 

1339 


I Nom, external (coitf.) 

I OAVity, lateral wall, y>o, 
303 p izi^ 

I mentuAtj inferior, 300, 

33^, 1229 

I middle, 30 ip 335 p 

JZ 33 

iupenorp joj^ 335, 
X 238 

ri>of, 299> 302p 1229 
septum, 399, 300, 302, 
1:339 

development of^ toS, 
j 13 j IJ4. IIS 
o^dlcationp jjOp 339 
ve«iibule, iwy 
NoAtrils, 222, 1 3^5 
Noiclip Hoetdbylitrf 4 'Oi 
flfimilar, of itomicli, 1416 

bulbL^ventfimtorp 155 
eirdiac, of iLinifp i337 
ofetoinach, 14^5 
ccrebelinf, 970 
clnvEeuloTp 234 
cofttaJ, of stcrfiuin, 355 
eihnrkoidftli of frontal borw;, 

331 

fkbulHr, 425, 427 
frontalp 330 

mteroaodylar, 413P 418 
interrrngiEc:, 1265 
jiilftllorp af oed pi ml bone, 
3 t 4 p 3 ^ 
lacrimill, 343 

fof iil^mentLon tere^^ ^45^ 
mHndibiilfLr, 305 p 30b 
m»toid, 2G9, 323 
ohnI, of fronial hone, 330 
j of tnoKnii, 47^. 343 
pre-ocGipiiat. 102b 
Todidp of uinjii, 377i 37Bp 
380, 4i^P 

eciatic, ffrcolrr, 394, 404, 

MX dilTcrrnMa, 40b 
leaser, 400, 404, 508 
apbcnopEdaline, 349, 35O 
fpioogtenoid, 357, jjS 
ofipleen, 2»* 1543 
lupra-orbitid, 271, 330 
aupimseapuEari 3^- 

itiprpstcmal, 253, 230 
temori4dp iciSi 

tliyioid, 1303 

trigeminal, 29b 
(rochlear, of ylnap 378, jSc 
olnsr, oftadiua, 37 3 p 376 
vertebral, say 
Nolochord^ 75 k 79 i t^ 3 p 
toy 

Lximpamiive embtYolG^jvoy 
rernaina, in akoJE, roj p r 382 
Nuck, camal of, 2l6 
Nucicoliu, 3, 57 + 38 
EVucleilSp of pnLmal cellp T, 3 
deOTOfs microacopy, 3 
of lens, E249 
of lencocytop 4b 
of nen'e-oelli 40 
of ovtnnp 58 

sTKirtenintion, 64 
pylpcHiu, 105+ 4b3 
of rodl and oofies^^ 147 
of sareolemma, 32 
NUCLEI, of gjvj matter— 
of abduenil nerve, 965* 
1113 


1585 

Nuclei (^^nCn) 
of abducent nen^, coonejc- 
ioru 1113 

developmerLt, 131, 134 
of ncocasory nen'e, 

957* tiibp 1137 
ambif^uus* 957+ 960, nay, 
iriOj njb 
tlexefopTncnt, *32 
reldTion to cranial ncrvcBp 
1137, ii jOp 1*3^ 
arcuate, I33, 957+ IOO3 
amygdabidp i03Jf 
1058* 1064 
bnul, 102]^ 1064 
hTnnchiolp 132 
caudaiCp 10^3, 1065, 

tojf* 

ancrics, 750 * 7 ^ 
connviiorMj lobb 
devciupment, 14^ 
funcuonal surniBcancej 
tobb, 107^ 
bead of, ic 6 $ 
telaiion, to internal cap- 
aule, 1063 

to lateral ventricle^ 

1057.1058 

strucTure, lObo 
central, mngncccllkilai^p yyS 
ceiebellarK 98g8a 
cfrivicaL 93^ 

of eiicuniolivarv' bundle, 

9*3 

of cochJear nerve, doraal. 
9*4, I 3 ^ 4 u 1126 
venimlp 9*4, Has 
of corpora mamillarta, loin 
of corpus tnipesoLdeuni^ 
9 (Hp 96s 

etincalua, 951, 953 
Hccesaory p 95 3 p 9 S 5 
development^ 133 
of l>tirk3chewlucb^ i>tj2+ 
tooy 

of Deiters. Ni pf vcatl- 
hular nerve lateral 
demata, of cerebelfunip 97* 
081, 

ileatructicni of, 983 
dor^ of vagus, jyZp 953 > 
957 - ll 39 h 

of EdinRer-Wnsrphalp 991, 
icyfe, 1097, 1199^ I 1 S 7 
embolilormft, ySii 9^2 
facnai tkcrvCp 9*5^ ybb^ 
1116 

development, 131 
migration of, 965. 
motor, 1 ei6 

senfioTT, El tip 
faatigu+ ^l, 982 
^Jiibosm, 98 r+ 982 
of gloasopharynKcal nerve, 

954 - 957 . 9 ^. ^^^7 
dcvelcpmentp <31, 132 
motar, 1137 
aebaory^, tkzy 
gracUb. 95 L 953 i 957 
devebpinent, 133 
babenular, 10O8, 1031 
dcvc|upn1cnt+ 137+ yyS 
of bypogloN! nerre* 953, 
^STp X38 
development, 133 
in fourth vTetltriG]e+ 987 
hypoiholamic, tjb to 138, 
1002, 1013, 1014^ tnl5 
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hypothdlamk, ixinflcunru 
of, [014, TOis, 105^ 
Inlcrcaljilui^ gftO, 9S7 
intirrpciJiifurkiiar, lOC^^ tOzO 
initratLtui. 1 , 

nf Itttcnil |i?Tfmifli.'ui, +^65^ 
iijft 

kntiTorm, 10*4, a/so 
Globu* piiHiUu& 
^mnn, 7sqp 760, 701, 
770 

^^hcxiofii, 1066 
d^vvlopiTuiirp l^fvp X43 
TicUliatT to inlcnuL 
1063 

Bi({rvifu:aiice, io66 
fttnicTurc. 

nuiiin 4 )ccJiulitriA wntmti*, 

]n««encopKallc^ of tri- 
^ininal, 997^ 1101 
devflofimrni, 1^4 
f>cjTU3 intrrrtiniio^ . AW Ni, 

of raoid b^n-rp Ktidof>‘ 
ooulomotor nfrt'Vf, *yt 2 ^ 
1096^]Eq7p ttqq 
conmrxjun^, ii^K^ 

dcvctopTncnt. *35 
■ubiiivuJii>^n, 
alJvju-y^ (infcniif), 
qfto, 107(1 

connrxiijn, wiih cm~ 

bcllurix, 956+ 957 

dcv^lopmriii^ IJ3 
cv^durinn, 957 
functioru, 957 

053 p y57 
of on^rin^i 11103 
pflmvcbrricutnrH 1014 
rKtnTU, 0^, */7^^ 1577 
133 

pcetiKHifti, Q97 p 1017^ 135(1 

puJpon^OVH 105, 4(?3 
red, iH-2. 954^ 991^ <SVJ. 

tOOq, Xl»b(ip t07^ 
CionnaciojUp 993, 

Eo6li, iEr 76 
development, tj^ 
funcli^n^, gqji 107(1 

w]i;ru]« 93!( 

iolivjiry, inferkir. 13^, -i/ki^ 

1137 p 1^00 

mpctlor^ 131^ q6(}p 1116p 
iiqo 

»opui 4 ic^ ixHcTetir iilid 

fenc3it> Co- 

iurnna-Krejr 

npiruil, of JUPcrsWTy nerve^ 
IJJT 

oJ ibpinjil tfHOl of tfil5iaiiind+ 

965. 

ipUncbnic, alfercni (kod 
dTeretil. iSW CoU 

umn^rc^p 
flubconicAl, 107^ 
BiibihalamiCi loo^p 

1076 

Bupfv^ptit^ 1014. 1015 

of t*nrtmjitKm+ joqa 
iluiAmic, looi, 1003 
anrumit, 1003 
oonfHdcionii. loo^p 1003, 
lo^y 

thorncic, Q3». 


Nuclct 

of IrulUH soLilmrtufl, 153, 
9i4p 957. 

cotincEion!!, with cmniil] 
neni-eE^ ttlfip tl3.7, 

ji;o 

U-lfleminaJ jaofvp, iiqi 
applied anaimnyi 
dev^^lopl1nltllt^ 131, 133 
itUMiccpbalio, 134, 991 p 

IIQI 

moior, i/r^^ iioi 
Miuoryi 968^ 960. iiDx 
■pinur tract, 9^3, 957, 
960, q6b, 969 

trochlear^ 9NH, 991099, 
1 ICO 

dcvciopttieni, 134 
rubcml, 10x4 

of vugui ntrvcp Xijo 

Jcvclopincnt, 1313a 
ATTibiHunji, 9ji7^ tt^T-p 
ttjo 

diiFiat, 133^ 951, 9J7, 

1130, IZOQ 

in founb %'f-nttidc, i>l^S 
iieri5<»r\7 1130 
of vestibular ootvc, 9(13 p 
9^4. * J iJ 

del'clopmcnt; irab 
inferTor,, 957, 960, 963, 

J1Z3 

litcraJ, 963, 11 
mcdbl^ 9(10, 9fi3^ iiaj 
mperiorp 9A4, 1173 
viEccral, iitTcrent and ef¬ 
ferent. Scr Co- 
liimrua-^tvy 

Nutribon of efobry op 85, Kl> 
N>‘:»UKittii 3 , 98Z 

ObcE, 98 5 

OctrJpLbil btme, ifijp 311 

in bafko ifri ^kiil]« J83, ^87 
ifi iiomoi oceipitilup Z7&, 

in rK>4i cridr cmTibl fni^, 

36 Sp 297 

ope chanjiei^ 3I4 

bosifor part. 107, i&j, 297^ 

3IJ 

ut birth, 3x4 
choTid riii^rkon, 108 
eunJylBir (tart, absp aiiq, 
, ^97 -JU. 47* 

developnicOt^ J07 
oa^i^CPJion, JE4 
aqua mo tiff psrt, 497^ 311 

! f>ccipuc. Irdao 
' Odtli'B dphmctcr^ 14/18 
i Dclontablaati, 13^4, t37o 
(E^pliaifua, *393 
abdiHtiin^J part^ l^ijj 
uiomplieB^ 195 
artcTic* 773, 793, 797, ,39s 
crn-v^l patl, 1393 
dcvdtipirwns, 188 
MUndii, 1395 

tympfl drainuRC, 891, ijtz 
nmrt, ii32p 1135, 1395 
tailmidgy, 1394, 1395 
imUJtUTFp 1J94 
ibonuiie pnit^ 1393 
™tw, 859, 8(»p 878, J395 
tEulTTiipcn, 94^ 9s 
. ODt?£ruiif4p 377, 379 
i DBflibciincin, 381 


Oliee, 950 

OmPfituoi, (greatur^ 1398, 
14o;e, 140S 
dtveEopmenc, n>8 
Ivs^r^ i4Qt, i4o8p 1458 
devetopment^ ]h>H 
mlation, to biir^ omun- 
ttttis 14^5 
OntOBcny, xxi 
Ofleyre, primary, 57, 59, tfi 
niaiamiion^ 57, 59 
oeoundiir^v 59 
O^pptiuEp 57 p ai4p 1509 
Ooplasm, ^7 

Opcnluif. JS'ee itiw Adltos^ 
ApflflurcT ^limtus^ tmtJ 
Orifice 

in addutitor mEpniiff, 66j 
nf PUdiloty tube. 1382 
m dlaphraKTiip 386, 587 
orbituE, 271 
aapbcnoiu, 656, 657 
viirfij|cc anatomv, 865 
of utetinc tube, abdominaL^ 
1511 

OpetCulu of insuiu, 1007 
Opemjlirni of ovum, 90 
C^pofiiion of thumbp 387+ 
30a, b47 

Orawnini, 1243, Jl4b 
Orbit, 371, 37a to 376 

urtciirt, 74Sp 7SOp 737 
rtiu^cln, I.23 p Ja^ 
iKirveft, r ro6, 1 z^o 
vciiu, 838, 85Z 

f^rpiLliclle^ 2 ^ 

Or^zEiff 

Acceawry^j of digvHtivo 
tern, j 343 
of evt?, ujo 

chiuipofiin^ iS3^i 1533* 

devciopmentp 145 
disei(ii%e, 1343 
enumel. 1368, 13I19 
end, of nerves 919 to 927 
enduELfine, 153-7 
^eniialp female, 15C8 
external, 1521 
male. t49i 

de^vliTpmciit, 299 to 221 
of Oolgip 1 

Ituaiatory'p 
of hearifip;, 13(14 
of IjtcrBl tirie, X i zti 

(ilficr^, 1334 
pompini'el, 137, roB9 
(wictal, 1009 
piineql, 157^ 1009 

reproductive, femaJe, 1508 
niale* 149Z 
re»pirQtnr>\ 1303 
de^ebipmettlp 2ca 
■enfic^ h>I9 to yzb, 1223 ^ 
develcipnient, 135 
of aittbl, 1255 
of hmelE, 1ZZ4 
BpiraJ, of Conip tigt 
of faiffle, 1333 
uritiEify, 1470 
uroKcpita]^ 1470 
development, 204 
vomenmiual, 115^ 1329 
Orifice. iilfv Adjtiis^ 

I Aperture, Hiatus und 

f Opeciinij 

anal, 1444 

' aortic, of diapkragjn. 58(1 
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Orifice (mFT^.5 

of hciirt^ 161^714 
f^U^^QCf^ anatemv, 7 j 6 
ptriovanfriciiUrr bft, 71J 
7M 

riMbr7io, jri 
ijevFbpmcfit, iy$ 
surface nnaToinyt^J^h 717 
of bile Uuet, 14^4^ 1466 
^tcmachp 1415 
«iirfric< Eiruiiarny, 1415 
<if CDirnndry smu$, 70H 
of hrart, 708^ 7iOfc 71J* 71J* 

714 • 

dtvctcipfncnl, 15s 
KinfstL^ 4FWti3fn3h%7i6^ 717 
il^ootctilp 1434 

surface attaZiHnyp 14J4 
mitral, 71J 

surface D.natomy+ 717 

nf dioptiniBnip 

puliTH:»njiry^ 162, 710 

luifiCe Btiatomy, 71b 

pj'Inric. 1416 

iuirf*c« HmitJCrfa^yp 141(7 
Tricu^pd, 71^# 711 
surface nr^iito^iiy, 7^6 
ureteric, 1487 
uncthinJ^ e^tcrtuiL frmptc, 
1522 

E4<Ji 

inirmnb 14!^, ^4^7 
ii^jc uhallj{^4 14)^6 
of utema. Set Utl^ri 
of vaj^iria, t52z 
rrf %'emi w*p inferiur, 708 
supyHor, 71^ 

vcbiLcaviiJ, 111' 

OriKin, 

of miiRcleSp ^4^ 
of ncn'cs^ 

of spinal rierv'cs^ I t4li. 1144 
O^p Ste o/io Bones irm 

imtier individual narn^ 
accxabuliK 4P3 
CarpaEi^, 443 
ccritriLle, 391, 443 
cordis, 718 
ftbulyre, 443 
inctsi^um, zKj, 30 346 

intermediate, 443 
radiaEer 443 
tarulc, 44^ 
tihiAk, 44J 
fh^unum, 44b 
hnnvnk^% 443 
ulruLTE, 443 

Qg uteris oxlcmump 1515 
intcrnyrn, i.si] 

OsMlcles, aurlitory^ 1276 

dcvrlr>|imicni, irM, ijjp 

. 307 ^ 

mentoJ. Il&p 3cft 
pterion, 341 
supnuternalp 257 
Osftficatinn, in curtikec, 2b, 

37. 

centres, 26, 27p 22b 
in mcmbrojic, ibp 103 
of individual bnr^t 3 ^ 
nrrtikr individmi 
Osieobisai^ 23, ^'k 37 
OEtcoclut. 27 p 28 

in tnotb daveJoipmetir, 1370 
Oateo^e, 2b 
Oateokl rriACfix^ 24 


OsLculofn'i 326 

OatJuTTix o/rd OrUliro 
pNrnum, rfjo 
secundum, ibo 
Otoc^'si, [50 
Otolith, taSS 

Outlet, of pelvis, 4O4 
ciF ihonucp 262, 701 
Oval bundle, BundltTp 
oval 

Ovary, jb, isPli 

A^c chonjie^, 1509 

iiTtiJi% ^&p r ^ 11 

dcficcm^ 216 
devclopmcnr, 414 
fosasiH 1308 

gubrmflculuti'kp aib, 12a 
IfjjarricrktSs 1508, 1409 
l>Tnph dminiE^e, 907 
oenos, 1217, 1511 
stromn,. 114, i jsoo 
srruciurep 1509 
vdnsp S6i>p a73p 1311 
Ovub NabothJp 1318 
CK'ulolionp 93,. tjto 
Ovum, r, 55, 5b 
coveru\K*, 
dlvifllonp 39 
fHfnib'sMtjuo, b3, Ms 
holoblasdcp 78 
implontistiorip S9 
ailc ofk 6B 
Macfokcirhnl, 78 
nioitrration, 57, 59, 
rjjo 

memblaatiCp 70 
iTikiiolecirh^p 78 
pasBUKC, flloriK urerme tubCp 
% 

pularir^'p 

BcimicntalinElp 64, IhO 

lh^«n„ lines of, (3t»4 

Pnchytctie^ 5 
FOdp knfrapalcllarp 520 
rctrapuhic, 1484 
suctorial p 539 

Paln^ appreciatinn of, ioo4p 
1005 

condutrtinn ofp 917, 924P 
W 4 * 9^4 99^4 i^4 
referred, 1152, [lOZp ritl 
in tri£i£mirmE ir(^a.^ irr^ 
viKeml, 945, 944 ^ iioOh 

IIOJ 

Pu IjcoCercbcUunip 972 
Ph Li!4m trill turn, JO20p 1066 
PaWnthnkmus^ icoa 
Palate, 114b 
applied n-fuiiotny, 1348 
bony, 268, 282, 134b 
clcfin 113, 134K 

di'cckiipmentp cii, 114^322 
hard, 1346 
primitive, 113 
sofit 134^ 

applied atiatomy, X348 
arteric&p 74c, 741* 744, 
750, 134b 
development, 115 
epllheliutrip tJ4-& 
lymph drainage p 889 
movements, 1390 
musclefi, 119,^ 134ft to 
iJ 4 ^ 

nerves, 1106, 1129, iij7p 
ij4bp 1348 
■tructura, 134b 


1587 

PaiatLne bOne, 168^ 34S 

Ui nasal cavity^ 300, 30J, 

in nomiA twsalis, 382 
u«aiheatiofi^ 350 
reloi ion, to cehmoid limis, 
3 ?a 

to rmailliiry' sinu^, 349 
phiOf horixnrttaU 182^ 300, 
^48 

perpendiojlar^ 301, 303 p 
J4K 

process,, orbitnJ, 35C 
sphenoidal, 35O 
tubercle, 48^1 483, 350 
Pallidum. Gklui^pallidiJj] 
PaUiutn, 1020 
dcvtlopTneniT H 139 
Faimofbnnd 

applied cruitomy, 64^, 701 
arteries, 7S41 78^, 7 ^p T^>l 
foBcbl^ 642 to fi4b 
mii»clei, 640 to 652 
ocrv’rs^ Liba^ ti^, >^^5 
skin, i itM* IZ93, r397 
vema, 855, S57 
Palmar," xxiit 
PBDcreiis> I4ST 

tippltrd onELldmy. 1436 

arterien, 798, 799, 8oz, 1453 
development^ 199 
duets^ i 4 flj. 1454 
l)tnph lirninnKC^ 899, 901 
rtodi^'S, 899, <jco 
tiervCT, nj2, tzr7, 145$ 
reladons, t43t to 14^3 
itructum. 1454 
surface anatotny, 1454 
veiris^ S75, 876, MSS 
Patieth, Epuriulefr of, 1431 
Pnpilln, anal, 1443 
denial, ijfiK 
dermal,, 124, 1297 
duodcfioJ, 1425 
ftliform^ 137b 
^oliatiL, rj74 
fur>|{ifomi+ I37h 
of hair* 1500 
bcTiituil, 123S 
renal, 1474, 1476 
Eirnplex^ ijyb 
□f akin, 224, j 2i;7 
■ubUn^al, 1343 
of tortfpiP- 1^75 
SiflllaTet 137^ 

Papilhrdemii, 109^ 
Paradidymi-i, 1498 
devel^mcni, 207 
horm»lijiffue, 207, 220 
Psndloccutus, 974 
PaiUi^nglia, 1533 
de-velopmerirp 145 
l^aralyiLi, crutch, I ib8 
Erb’s, ntr7 

flacctd, 1076, 107S 
facial, [I22 
KLumpke's, Ttkj 
spiulic, 1078 
ParanictriuJt^, 1515 
PamplHsm, t 

Parasympathetic sv-^itctn. Ste 
Syalcrnp PanisytdpA- 
theiic 

Parielal bone, zhs; 318 
ouihcatioti^ 330 
in nornio Isteraljii^ 177 
verticalU, 2(19 
in skull cup, 291 
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15^ 

F«iic(«l eye, iooq 

PkmOphoron, ijii 

dcvcIopmAnr, 307 
homolosy^ 307, 33^ 

Farfi cilturb rciinar, 147, 1*40. 
1^43 

dui[iLiia of liypapbyii** lOJi 

intrrmcdiA, of h^TMaphysis 
ccT«brj> Joi 3 
dcvelupmeni, i^'j 
of vEadbuk. Sfr Cttpi* 
ml^ure of bulb 
kidioil rctiniT, 147. 124^, 
Ta 43 

cnnttbn^OHJtca acp El, 715 

dCT.'^lopEnfiOEr 1.^ 
□rbiCftliit of infcriar frunSTlI 

pcHitrioi' (operculanH)H 

irtuntT^ri^Y >^^5 
lubcmlh of Kvtwphyisra, 
[Ol^l. 

iiEcfilUi lubir, 

Pkrta oE ihaLiimiu, IMI 
P^CcUb, 430 , 4:11 
in ItTicc-joint* 5*8> 
rrvovciiirriiia, 52^ 

Hurf 4 » anjiinmyT 
PjHh, auditory, ooSt 

i(ra6^ fiaj to iufi 
RiWl ciiinuiKiti, 915, 

936, 1077 

of motor fiaaiiduction, 
of »ifi%iory cotliluclkfn^ 
IC 03 ^ 107- 
vinuil, 1015 
Pc 4 ;ri!n, t 44 J 
Pcdiclt* af vemilbm, 104h 
= ]t*r i 3 S> 

Peduocica, ccr<bc)lur^ 

inferior, 133, 953, 96®, 

W 

Tuiddle, 963, 976^ 977 

auptrior, 054 p 9^. W. 

U 76 . 

1077 

decii]iP**ricrti, 970, 092 
damage lO, gEtj 

cerebral. 9*8, 0^9 
biM:, 

devtlopmctir, T30 
structure, vSt9 
of ontporm mfttnilbriiii^ 
xoio 

of fioeciilus, 971 
of nu€!c^J^. of corp^ iTi- 
pezoidetuu^ g6j 
olffiictorye lojt 
Pelvis, bony, 41)3, i 397 
artihe*, 5*9^ S*^ 
false, 403 
fcfnalcp 4eb, 407 

fqctal , 40^ 
grenter, 403, 404 
joiiixa, S06 10 3*0 
lc*«f, 4 n 3 p 4 ^+ 
mcchsniam, 509 
in pns^nAficyt 5 ** 
sex dilferencca, 405 
ime, 4*J 
ccinientii, 1J97 
arteries, !JoS to ®|6 
ddiplituicm, 6fti 
fuscis, 602, 60J 
tiRonieiits, 50!^ to 509 
tymph drains^! 
fiodet, qo6 


f Felvis froffli.) 
oiiisclos, 603 

nerves, 1179» tlJis, 1192^ 
I 4£0 

pejitnneum, 1402, 

1404 
veins, 867 

Peivw of ureter,. i474n 
dcvebpmefic, 307+ 208 
SlrUCtUTc, Z 4 j $3 
Pcnicilii, of apjeen, [545 
PenEfi, t^Ot 

arteno*. &J 2* 813, 821, 1503 
bulb, 1301 

corpus H:iivem£mun, 1501 
spongiDtum, t^oz 
cnn, i$oi 
devrloptneni, St If 
erection, 1504 
fiaacia, 1303 
alAiu, 21S, 1503 
bjpsmcnta, 1503 
l>'nipli dminflj^e, 896, 907 
ner^^* *174, n^, izoa, 
IS<H 
root* 1301 
sl(in* 1303 
SlruetUTr^ 1503 
urethra in, 1490 
vcina, 863^ 1504 

Pepsin, I4ZJ 
Pericardium, 702 
applied anatomy, 704 
arteries, 7^*4. 77(. 703 
development, 81^ 82, K 4 i^ 

iSif. iSSpSOi 

Ebrous, 702, 703 
nerves, 704 
paraecnteab, 704 
rrladam, 702+ 703 

tucnil^i, Eg, a^, J33, 201 
MTOUs, 70s, 703 
struetunr, 704 
veins, 85E, N39, 8&0 
PenchondiTumH 20, 27, 122 
PEricroniiim^ 290, io» 
Perilyrnph, 1283 
Prrimclriujn^ IJlft 
Perimyxiiim, 32^ 546 
Perineum, 6« fa £in 
arteriia, 813 
dc'^vlopmmi, ^4, 191 Eo 
195 p 317 

faACfa, bo6, 607* fwS, 610 
l^Tnph drainage^ Syb, 907, 
9^ 

muaclcB^ 6cb to 610 
nerves, 1174^ 1182, 1190^ 
1191 

veina, 865, 868, 869 
Pcrincyritun^ 4S> 1089 
Period, Ixlenl, 917 
Periosteum, 22, 23, 122 
al^wlar, 1359, 1370 
Periloncum, ]3i}lj^ 1399 
parietal, 1399 
viseeml^ i39y 
applied anatomy, 1154, 
1449 , 

arterks^ I4r4 
development, nj* 
hortsonlal dixpodtion, 
14^3 

lympb draifiBi^, ^414 
mesenteries, 1409 
nenes, 1414 
umcntiijn, Rieater, i3Hj8^ 
1402, 1408 


I Peritoneum {rxwil.) 

I omentum, ksser» 1401, 
! ]. 4 d 4 

reccsscfl^ t4l I# t4t2 
Benjibility, I4I4 
vetn^ 14 r4 

veirical dispoaitiofi. t4i>oi 
eavhy^ 14^ 
abttOtpEion from, 1414 
dei'clopmellE, I gb ^ 
recesBCfl, 1411. 1412 
ME, greater, 1400 

lesser {bur» omen- 
in I is). I^OC. 1.05 
aditua. 1400, 1405 
deTeLopoicnt, 19b 
rcccMca, I407 
«P^lal resinos of, 14*3 
pelvic^ 1402, 140J, 1404 
at btirh, t4ab 

pouch, fectcKUterine, 1403, 
I 4 & 4 ^ iSi^l 

rnrtcNveiicBl. 141121 1404. 
1484, 1303 


venieo-UIC nne, 207,1403, 

E404. 1484 
" Peroneal,'' xsdii 
Pes hippocampE, 

Petrous temporal, Tem* 
poral Bone 
Peycr's, Patdies, 1431 
l^neochromocvEe, is;ia, 15^17 
Phalanx, Ptulaf1|^— 
of fingers, 390, 391 
of reticular lamina, 1292 
ijf toes, 446. 447 
Phallus, 218 
PhsryrLx, rj^o 

appbrd emitomy, 1391 
arteries, 740, 1390 
de\'elu^en[^ 109, tHy 
e|>ilheliiim, 1386 
Jibrmis coat, 1386 
lymph drainage, 888,889, 

movements, in deKluti- 
tton, 1390, 1391 
nuieout fnembranr, 138^ 
musdeso 19. t 3 t 7 TO 1 390 
Dctian. 1391 

nerves, mg, 1133^ 1207 

raphe, S387 

Ttlations^ 1387* 1789 
structure^ 138b 
838, £43 

cavity, 

rjtrytiRcal part, 1386 
nasal ihirt, 1182 
oral part, 1382 
primitive^ loS 

Phitniim of upper hp, 112^ 

^ 13+4 

deVElopmcnt, 112^113 ^ 
I’boilatinn, 1315 
Fhotoreeeplors, 1244 
Phylofleny, xxi 
Pia mHier^ 1087 

developmeriE, 145 
cembml^ 10S7 
spinaJ, 929, 1987 
pi^tnent^ ICj 17 

in epidemiis, 1196^ 1297 
PilLux, articular, of cervical 


Vertebra?, 231 
PiaLfoftti bone, 381, 383 
tisiifiEiation^ 391 
tuifare anaEOmy^ 3S1 
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iiuditDr)v 

tinanuLir, ^z^i, 329, ,530 
olfttcrory, m, i 4 S 
iamilkr» 1384 
clrvclo^menip 184 
PituitiiT)' Sm 

phyvis ctTcbri 
Pivot-jobt, 455 
87, 97 

ftbjinrTnalilicsp ^ 
appeacaiicMp daciTricdpk, 


^ 

iTucrwwpic, oS 
4 ttuc:hiTKnr, ttlic 101 
ciftulidonp 99 
motvlcdona, ^ 
in fq^tul circulntjonp 723 
lunctlarta^ 97- 99 
growrh, 99 
hirrnixJiDriAlp gS 
labyrinthinCp gg 
phyipjecny of, Jo= 
pncvk, » 9 I 
ntpttralian, 97 

■wdghTt 97 

Placodes, Lplbnifichud, 117, 


144, 1141 

OlffletOfy, 111, 322 
PUinH, of abdomcti, ijgS 
kteiaJp 139^ 
subcoatalp 1398 
transpyloncp 139^ 
Iramtubcrcular, 1398 
of ih* body— 
cOmiuil^ xxii 
hoTizontfllp xiii 
median, 
kOftirtill 

ot pelvbi^ 403, 49s 
'* plintar^'^ xiiii 
Pl^liir fleiion, 456, 533 
Plasma, blood, 44 
Plasma cell, is, 
Fbanm-nbambivic, 1 
Plate, nudiior>‘H. 3 5^ 
bosoJ, of dcfdduji, gg 
cordiof^enic, 154 
ertbrtformp of ethmoid' 
bone, z&s, sgg, joa, 


in BoCefior cnUliaJ fosaBt 
265, 293 

cliofidnbeationp 108 
in ruiflal -cavity, 399 f 
floor, of neural rube, 12$ 
of proseOcepbakn, 135 
of apuuJ medoJI^ 12 $ 
bnnxonnib of paJatiiie bone, 
z8zp joo, 34E 
IdTcnilp of meKOdvItit, 77 
iimitini?, of bver, 14^^ 
medulla^, 73, 76, 115 
inotOT Cfict, 549 ^ 926 
mu/cle, 70, iny 
notochordal, 75 
oedpLtad, 107 
olfactory,, ijg 
orbJltU, of ethmoid boiilr, 

27 -b 335 
in orbkp 274 

of frontal bocic, ifiy, sgj 
33D, 331, 332 

perp^ncijciiIiLri of eEhmoid 
bone, 309, 303, 333 
in nasal cavity^ 300, 
302 

of paiatiiie bone, 309 „ 

J03.34* 


Flale {ccRf.) 
prochordal, 76 
pter>^tiidp lateral 279, aB3« 
287, 3i» 

mediab 283, 287, 318 
nwf, of dieneepluion, ij* 
of mcsenccpIuilDn, 13^ 
of rtcural tube^ 123 
of pmacticcphakin^ 135, 
136 

of rbnmbcJieephalon,. 131 
of spinal medulla, 135 
sternal, lob, 336 
I larsih 1338 
I tympanic. 27H, 325 

I urelbrolr 2jfi 
5 Platckti, hlKtod, 45 
PLeuntp 701, 1325 
paHctaL 1325 
pulmonaiy^ 133^ 
visceiol^ ^325 
applied onafomy, 1330 
ineries, i jzo* 1339 
erryical, i$zh 
costal, 1325 
development. 201. 202 
duphmjpnatLc, 1326 
tines of reflection, 1326, 

lymph dmirta^^ 912 
mcdiastimil, 1327 
nm-ea, 1329^, 1330 
recesses, mtodiaphnj^a- 
tic, 1328 

comomMutsttnatp 1328 
relation, to Jtiiiceya, ^473 
stmeture^ ^3^9 
surface anatomy, 132b to 
IJiS 

vcim, 1329, J339 
Plexus, mrterfol, of choroid, 
1^.3 9 . 

mediaitiiifll^ 771 
eburtnid, 985, gtlb, ipiS, 

lOfHJ 

artwtes, 7fia, 770, 1070 
development, 137, 139 
ftmcliiie^ 1070 
veifis^ 1070 

of fourth ventricle, 985, 
•^6 

of lattml ventricle, laei, 
10^8, 1069 

of third vetktricle, tot8, 

[O70_ 

lymphatic, of diaphi^pm, 
gio 

nf inicsnnes, 899 
of inammsixy gland , 894 
PLEXUSES of nerves, rogo 
annuls^ of coraeat * ^39 
aortic, abdcminal, t^ijp 
1318 

Ehdrucie, 111 I 

of Auerbach. Str P. my¬ 
enteric 

brachial, ii$$ 

applied anatomy, 11^7, 

tt68 

branches, mfraclaviculaTr 
ti 57 

BuproclavicuUr, 1156 
cord*, 1136* 1,157 
EUiorteous dktribiAiiant 
A192 to 1195 
divisions, 1156 
injun«, [167 
morphology. E191 


15«9 

Flexuacs of nervea (oMr.) 
brachialp mnscuLir diatri* 
bution, tr^b 
poTf-flaation, 1155 
prelUatlon^ 1153 
lelflttons, 1156 
tools, 1155 

lUffaCe anatomy, ii^b 
trunlcs, ]iy6 
variations, 1155 
candiae^ deep, ^114, 1115 
flupenfiedai^ 1114^ t2t$ 
carotid, internal, 755, txob 
CCrvicaJ^ 1150, tlyr, tlya 
applied arutoniVp 115^* 
1*54 

broncheap conuiiunictn- 
ins. 1132. 115s 

1 JS 4 , lISS 

muscular, it^i, ii53» 
ttS 5 

superflcicl, 1150, H5J 
cutanecus dkiribuiion, 
1191 

marphology, iigi 
ntUdctllar iliBtfibutiQii, 

t jg6 

poatcTlor, 1147 
coccygeal, rigi 
ctehiCp 1316 
coionBjy^ 1113 
dental, mfenorp iiii 
superior^ 1104 
gastrk, 1135, 1*17 
Bosim-epipkplc^ Hshi, 1217 
hepatic, iJ33^ 1217 
h>t^iputjic, 
inferior^ 1230 
superior, 1319 
uifra-orbiial, 1106, 1130 
Enletnte4eliTeric. Stf 
aortic abdoinmai 
uirra-epitheliaL of cornea, 

t 239 

mtran>uscu!art 349 
□I limbs, It91 
lumbar, 1173 

branches, 1173 to iiyg 
cuiarreoua disiribuiion, 

I ^ 95 - 

Eiiophology, itg2 
iviriatiozu, 1173 
iumbusaend, rzgi 
of Meissner. Sev P- sub- 
rnucoui 

nicntiigeJ+ middle, J JO9 
mcs^lcric, uiferiar, r^rB 
•uperior. 1132, 1118 
myciiieric, tzoo, 1432 
ir^phagtal, 1132^ 1134* 

.139s 

t^vnmni, 1217 
parotid^ 1 j 17 
paiellar, I175, 1177, 1179 
pehac. Se€ P* Kypo^asiric, 
inferior 

peii^tiicular;, 6g6, 697 


pl'uiryns«kK 1129, 


1207 


phrenic, 1317 
prostalk, 1321 
pulmojiary^ 1132^ 

1 135 h 

1209 , tai6 


anterior^ *135+ 

posterior, 1132, 

> 135 . 


1116 

rectal, 1220 
reruib 1135, 1*17 
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tjgo 

af mrrvM 
uSo 
bntm:h«»» i 

cutimrOUK diitritiulidn.' 
ti9S, 

morphulfi^V, 119? 
tflldfp i^ifp 

iiT^t iJJ? 
iulidflviifi, iJio 
9iihrnd4^nJiiil, furitinj-c 
bbfc«, 7^0 

aulwpilhrlulp oi CD-miTVK 

A.til>miJCQiJSp llE^p i43^ 
tuUfit(rti}riB.lp 117^, il7** 
iiiblnipc;cinlp 11J7 
hupHtlV-iuilp II3J. J^J7 
■i mplHbctic, lit4 tcj tiiia 

teuticujdrp 1^17 I 

thyroid* mfisrior, JJOij- 
tomrllii^ 11^9 
t^'nipAtiit:. 111 fi, I i soo. 
13^0 

uicinni^p 1131 
va^irudp tui 
vcrttfhrftlp mo 

VC«iCllk, 13 30 

PLEXUSES of tcio*— 
baftilnr 4^53 
c:irorLd p initf rpalp ^S4 
ciivcnvjUiftp of newt* IIJD 
£iiiisaD,r>v ^54 

hicmtirrhfpiditti Sfr P. rtf 
w.t necirtl 
iivuriiLn, ^7^, 

P^impinifomip 87^ 

iipplkcd aamaiiinyp H7 j 
in i.^ii 

pliBOnAciilp ft4l 
prostatic, fifiJti 1S^7 
ptcTygtiSd, 

podciida], Siff P- of yy*t | 

nmniAtic j 

fcctuK H6^p i+i>i 

v^ricoairkap HW4 I 

Mnpitafi iKo ' 

thyroid, 13^9 

litcrim^'p S^p <5!^ 

^'aidfiAl, ^*70, r^ll 
v£flrbml, 4&3. £44,4^59^^ 

^‘tsiiZiuL Kfii^ 

PJica, PJicae, .V« oitQ Fotda 
fintbruita. of lonmir, 1374 
Im-rinuLbs, jafij^ 
paiit3Kl3^. of y[cm«p 1515 
umilaniris. n\ vye, f^bo 
trinTiRtilMris, of tonsd, 

p4kinL ftiLriir'Tjlir, aKo 
criuni, of cotufin W04 
Mcliunloy'^p M3S 
p n^-jyrkmlnf, 

Pule, *lM!oibi:>-ofnc+ 6K 
nnbryonicp f>» 

Polca, of ct?febTum* ijH, 

1012 
ofeyEbad, 
mf Icfia. i i4ij 
PoljTtw^rpha, 4^-53 

PoeMh 

7*0 

bnAilar twin, g65 
lic^'ctopinrPt, IJJ 
ci'olalion^ 0*1 
ttmtlurr, i/yj to 

lepEETvcntuio^ 9*a 

tmmt'rfsc MccUMftB, 9^1 10 

vekkHr 


Poniicidua of auKolCp X2&5 
Pofc, |{iuutDr>-. 122,^ 

PoitH herpatu, i^6j 
PorEi], pn[«Tti)T lotwtmul, 8:^ 
PortiOp alluKctS^p *1* 
tlEprimcna, 6i6 
" Poyt^axial/' 121 , I [93, z Egl^ 

** PqalciiorK" aaii 
Poat -sphenoid ^ 107, 319 
P<i 4 t'(rcrnatiCp 117^ itoj 
f'ontiircp 437* 340 p 58*> 

effect on abdominfll s-kcersip 

PutETicy offSelln^ 35, 7B 

Pouchy btltOcllUkl. SiNT P.^ 

pharynii^cAl 
tif Hnrmuiui, Mbfi 
hcpjitorcEuil, I+14 
uf Litacld(«, xjS? 
ot Meifisofi, 1414 
pharynKnl. 109. 

derivative^, t20, 183 io 

of Hiithke. 137^ I S3 
pccto-uti^nnc, 1403^ 1404, 
I5ir> 

recto- vtnikilp 1401, 1404. 
1484 

itv foitua, 1503 
SeerscPl, 1^7 

VefliccKUEcrilic, 307 . 1403. 
1404, J4K4 

"■ Prc-axini/* Eltp m)* 

Precontcoid* 364 
Prcciiriifus^ 1030 

PredentioE, 1364 

PregoiiEicy, i&p ^5iip iji&, 

IS *7 

<han|iE)i^ in rmtinnuin’" Kliind, 
IS = 3 . iSiS 
j ii> ovmfy^ 1^11 

j in pelvic joinls, 311 

n^'aHan, 73 
I tubul, 73 

PraiubAdlB, I i4p J13, 2S3,302^ 

34 ^ 

owihcdtion, 34* 

Prepy«r of pmin, 1303 
deVekipinenE, II K 
of diloHs, iiS, 1531 
PrevphEXkoid. 

Pretrematic, 117, 119^ 1 loj 
' Pre^'tHTiKrirK; t™tTE^ J47 

Piicktc ectU, ij, 

. Priami^, enaniElp 13&5 
, PROCKSSofPROCESSUS- 

aCCe94Crr>', of lulTibiar verte* 
bfa-H 140 p J4I 
[iCrotnial. Srr ACTOniian 
ulveublr^ of mimdible, 133S 
of niAxillii, 272, 343, X35S 
articuliLr. of vcn^bfA\ ^39 
cervical, 231 
lumbar. 239 
thdTrtdc, 

ittf-cylwder. Axon 

of cakaneuftp 43S 
cBudiitr^ of hverp 1457, 14*1 
ciliar>% 1340 

deve]Qpmcnt, 149 
elinaid^ anterior, 293* 293, 
W 

middle, 293, 315 

™iorkir* 3y4p 191, 315 
cochlcirirottiiis^ 1275, 127S 
aaruJy]i>idp of mandihEc^ 

30s* 306 


Process or Processus (coftI.) 
concoid, 35*, 358, 3*1 
hnmolof^p 3*5 

oaskficaciurt, 3fic 
surface aftatutny, 
coroooidg of mandible, 
305, 306 

of ulna, 1577 . J 79 > 4'J* 

COB 111 . Elemont, eoatid 
dendHtk, 125 ^ 

cthiTiDidaE, of inlenor con¬ 
cha, 303, 33O 

rtjlcirorm+ of sa CFO tube rtiljet 
liHfmcnt^ 507 

frontal^ of miotitla, 271,, 302^ 

344 

of lyi^umaiic bone, 331 

flurntDriHUlt III. 182, 213 
funiculnr, in bemiat t 449 
ulobutar, 11 i, 222 
bead, 74, 221 
ul tneu^p t2fN>, 1377 
inFundihuldr, vuo 
itiTtajuifulajr, 314 
juipjiar. 289, 190^ 207* 

314 

Eacrimalp cd inferior Mncha* 

, 3 !»^ 33 ^ 
of malku^p 12*9, 1277 
inamillary, 239, 141 
hotiioiofpjes. 241 
OBaificatiun, 25O 
M&uid.ibilLar. Sf* Areh| 

irLBodibulnr 

iTiHstoid, 178, 280, 2&9, 

333- 13:74 
dcvcIopnirTU, 327 
trtwih ehnnget, 317, 
354 

Surface aziatomy^ 279 
in TmTTTLit b«iibR, 289 
lateralkp ^jK 

miwilHfy, iit^ iSi, 213 
rvImioM, lo vtumo^ 
dcl-iUn* 182 
of inferiur concha^ 

337 

muBcidjir, of ar>nviM;iid, 
1305 

naaa], lateral, ill, ill 
fnedi^H IEI 

iHtonloid (DenAj, 233, 234 
joini, 469 
oSaiEcation, 250 
orbicilp of palatine boifier 

palatine, of msudlLa, 

MB 

de^'elopineitt^ 114, 1&2 
of embryo. [14, 182 
papillary^ uf Uver. 1458. 
14^ 

paniirtasloid* JI4 
petnoMll, of sphenoid, jtj 
pliairtngrah of spiral orgunp 
1291, 1292 

pteryliOid, 2^7, iSjp 318 
oakLEailiuQ, 319 
bainulur, 283, 287* 318 
pjftle, laleralp 279, 283, 
387. 3 *S 

inediaJ, 283. 287* 31K 
in rwial cavil)-, J02 
pEcryHOftpinouJ. 287 
Eeptai, of fkaSal cortilai^r 
122* 

sphenoidal, of fiBtwiI tepium, 
1226 










tKDIiX 


Frocew dr Processus* 

sphenoidal, ot nalAtirie 
bone, jSOi, :tOj, 35^ 
Styloid, of fibulflfc 

of mcEacflrpu), thirds jSy 
of ndiiH, 373i 376 
fturfncue ]*nacom>% 373 
of tempdraL booe, 27^, 

* Bktsiichmcnt*, aSo 

tlE%*efopmeiit, i i^p 127 
q^Bibeation, 327 
of uLni4 37^^ 3^1 

surface ajuatamy* 37^ 
iuprfiCCirKiylHr nfladnieru*, 
J7if779 

icmpoml^ of xyffonmcu: 
bode, 3Sa 

tntn&wrso^ of verCcbil4‘, 

229, =53 

dEVElopniefft, 104 
hoini:>ld|;ue;t> 2 } i 
ossiUcfliioti^ a4i> 
of aibfip 332^ ajj 

surface anatomy, 333 
of nxb, 234, ^35 
cervical* 231* 232 
sei'^ejiEJi, 335 
flixfh* 33 a 
of coccyx, 
limibar, 240, 24 ■ 
bfih* 34 J 
sacml, =4^ 
thoracic, ^37, -39 
lubaHue, ji^ 

^ uncinjiie, of ethmoid bone, 
301 . 3 * 3.335 
uncinate, of potldmae^ 
vagiruili of sphenoid bone, 

3S7. J‘3 

vaginalis lesits, 3i$i M{j4i 
14# 

lievelapmettl, 215 
hoTnoldgue, 1310 
vertnifoirm. Sift Appendix, 
vermiform 
vocai, of nn'tcnoidi^ 
xiphoid* 31 ,255 p =5& 
devrtopment, tob 
o^jJicatinn, 256, 337 
zygomatic, of frontal* 330 
Ilf maxilla, 272, 344 
of tcmpoml tiejne, 277, 
330 

fesofft, 277, 2!So, 2S5, 

rructodueutn, 195, 1443 

FrOerythrt>b]jui.tp 51 

Proffcatcrmic, q 3, 9S 

Pnjlapse of utrnis, fjd5, 6ofi, 
151^ 

Promnieticc, of facud Ganal, 
1^73 

t^p^-nRcaJ, 1303, 1304, 

r3iS 

PromomniTi iacrBl+ ^4^ 
tfi femnlc, 247 
in pcl^-M. 403 
of tympanic CdVIty, 127^ 

F^fonutLon, 495^ 4^1 

Pronephnw, 203 

PnmormobUiitk 5 a 

Pnsnuuleus, femslci 60 
ma[c* 63 

Prophage, 4 

PfoprioceptneSi 925. 

ProscncepHaltm, 76* 12-9, 

<#37.997 


Prosencephalon Uvnt.) 
dcrivutlves^ 144, 937 
deveUipment, 76, t2y, t35 
Prostate, 1504 

chiiny^, T507 
applied anaiotny, 1507 
arteries, }idu, ^507 
developmeni, 217 
ducti, 14V9, lyoh 
eXMoinotion, 144^' 
hdnmfd^mc, 1492 
Ei|{ament$, &03, ^4^^p ^5*4 
lyjnp}i veSGeb, yOb 
nerves, iiai, 1307 
FiTfucmre, 1305, ^5** 
ujrethnt in, i4t|c, 1505 
veins, abH, 1507 
Protoplasm, naiiire uf, 1 
PfOtovenehra?, 103 1 

Protuberance^ mental, 303 | 
occipilaU exiernfll, 276,' 
311 

interns], 397. ;^lt 
" Proximal," xxiii 
Pterson, ^77. ^94 . 317h 329. 
353 

wii^iclc* 341 

surfsce ansTumy* 377, ro23 

Pta«U, IQ^i tit I 
Pubertyp chanae* 
in ]5H>nx, 1303 
in msminar>' 

1333 

in ibymust ^539 
Pubis, 0% 3H>2, 
in ncccabulutn, 401 
homa]o|3uc4, 364 
OBjiifieatbon* 4D3* 40J 
in pelvis, 403 
sex difrerences, 405 
sEtucuire, 402 
surface aiuinmy, 39^ 
stTnphvGis. 

Piidendum, 1321 

i^lp, of spleen* 1544 lO 

Ilf tedh, ijySi ^3^3 
Pulse* liidirLl, 78^4 
vEnoos^ Ii44 
IHlb-irwr, i»o, 1003 
funetinrta, ICC3* joeft 
Pnneis vawoiosa, of cm- 
brum, royS 

Pimctuin Vscriiruiie, 149. t2yS, 
1263 

Kuticture, lumbar* 10^6 
Pupil of C>e, 1239^ 1341 

Argyll Robertson, JC7S, 
1=57 

BtresLs, congenitil, 14^ 
I*urkiiije Cells of cerehctiucn, 

$79, mo. 881 

Hbres of hrart, 3fr, 73* 

! Pur^ile* visual, 1243 
: PUTsmtn, lOfils. ^ee ofjo 
I NiicIoU 9> lentifomi 

*' Pyknic," 1399 
Pyturus, t4i^ 1417^ *+2i 
nerve-suppiVk *02. 1135, 
1217 

surface anaiomyv 141b 
PyromH, of CeTcbellum* 971 
ofkidnev* 1476 
of medulEa obbnaata, 949 
tlccusasiion, 948, 949, 

953, 1076 

of tjmpdmc cavity, 1274 
of vestibule. 1281 


15^1 

RadiatJon^ acuustiCr i*47i 
1064 

m intcmil capsule, 1064 
optic, loifi, iof>4 

m internal capsule, 1044 
Rudti lentis, 124<^ 

Radius* 37a, 373 
mnvEments, 495 
nut riefit artery. 7&B 
oitificaHon, 377 
tubercle* domil* 376 
tuberosity* ji7J 

Rami co cn miJllieantCS> 
Srey 1145, IMI 
cervical* iiyb, 1207,1209 
1210 

coccygeal* ti79. 
lumb^* 1173, 1233 
sacmJ* 1179, I3t3 
tharacic* 1156, ttt^9, 
t2is 

while, 9J7* 1145, 
lumbar^ 117 J* 121J 
thnrsde^ 113^, 11 btif 12 r I 

Rjlini of fipbiaL nerves, 
dorsal (posrerinr primar>'), 
123. ^147 
cervicab 1147 
c4KiCygcal* 1130 
lumber* J J49 
sacral* ri49 
thdtucic, 11^9 
ventral (anienor prirwy’)i 
I 123* use 

I ceiyical, 1150* 1135 

cuctyxoil* 1179 
I lumbar* 1173 

sacral* 1179 
thoimcic* 1 i6i> 

Hamun, dnrfialis linguie, 741 
of i»cHium* 399* 40*1 4*i 
nf Inlenil sufcus. 1033 
lingualis vij^* 1133, iijS 
of manJihle, 2^7* J05* 

3 Qh 

of pubia, 398, 399 
llanvier, crovJNt#* 42 
nodes, 42 
Rsphe* 

rtf phaiy-nx, 1386. 1387 
plcfyifoiTUiisdtbular* 559 
j of settHum* 1500 
I palpebtal* latrral* 555. 

: Ra ihke's poueb, 137, 

Rny, medullliLry’* of kidneys 
147b 

Raynaud' s dixeasc, i 222 
Reaction, 
decidual, 94 

I of degencraUon, 1123 
' Reagan, line of, 17^ 

Receptor apparatus. 9131 9*5. 
919 to 92^ 

Receptofs, 913. 9*5. 9^9 
926 

Reoesa* Recesses or Re- 
evssus 
c»cat, 14*4 
codilear* *283 
cusloduiphraanlHlic* r3Z<8 
surface atialnmy* 132H 
coslomrduiatLTul, 1328 
dorsal, of fourth ^‘cntFicIc 
9*4 

dundrlUiL I411 
duaderLojeJutial, 1412 
dliplical, 1081 
epiiyntpunic, 1170 
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Recess, fteceucs or Re- 

hcpBtD^nrcnc:^ 
ileilC:sG£al« 1413 
infundibuiiir, esf third vcn- 

tcidcp i^p Jora+ 

^019 

intfraigmokd^ 1412 
ktemlp «r faul-^ vcnlTicli^r 

mediHi!i. of faurth vesitrielti, 

tnacntenco-psiTlcUt, 1413 
fncwcotiCp 1411 
dl ofmjitAf bum, li^p 140? 
opliCp roi^ 

ptmcmtko^ntcric, 189, 

196 

puraduodiEiiBl, 1411 
peritoneal, 14J1 
pharyngca],, 1^83 
puioil^ t'XJt 49^. 1008^ tOJ9 
pnojinjitci-eiitenc, iij6 
jviitmoiln 1413 
nrtfaduodEruiL 1413 

MCcifnnniAp 49^ 
5p>ima-cthmc]idBi, jox, 

13^8 

•pbenorJ, of lobyiinth, 
Tplenio of opiCfttnl bum, 
1407 

^uh-poptite&l, 351 
rupnpmnl, it3^9 
tubatympwk, I5r, 187 
of tympantc rtvcmbrotitp 

of VEnrnciUp fourth^ 0%, 
g86 

thirdp jS 6, 10x4 
ttKlum^ 1439 to 1443 

irtcricflp 804, 804, ^tx, 8 Ms 

dcnnclopil^cnt, T9T 
dijiit»l «nunEnAit<Mi, 1446 
l>Ti(iph dninAKe, •gc^, 904 
nodecp goz, goj 
ncrveEi. JJgo, 1320, J448 
peritoncump I40J, ^440 
relqtjona ofp 1442 
amicturon 144^3 
vemi, 875, 1448 
RcQeim, 1078 
Eibnormnlirm of, ie78 
BCcrmifnoda [ ^, la^f^ 
arc, 91;J, 956 
auditory, 989, 995^ J12& 
body-n|thtinK, iSi^ i)&y, 
9$6, irr^fr 
ctlionpiml, 1078 
cotijuncrivjij, 1257 
Dorucnaual, 135& 

CTcmaSEcfit^ 594 

deep, 107^ 

^uilibntory, 138S 
intcE^lcmenl^x 93b 
kbynnihiflC, 98^1 98^ 

W7, leJT, 

olfurlory, lOlD 
optic, to 17 
or^nk^ to?® 
poRturul, 540» 9^^ 
pupil tz5h 
tjairu]. 92^1 
ipmoviauslp <744 
iMndKn^, 5]|H2 
itBtD-kinctic, izVfj 
hlatn^IonrCp 1289 

mctch, 549 


Ec|lex«c kchTf/O 
superbdol, 1078 
vagid^ j jjb 

^heMibuUr, 9 ^ 4 , 99 S. 1 ^ 8 ** 
0S9. 99 S. 096, «7, 
1017, [oiSp 13 e 6 

Rcijion, 

AubrhAUmit, 998 
tiTfmrnral aubthakruic, 

lOOlp lUoo 

Reid'# boAf line, 389 
Remakp fibre# of, 44 
Reproductinii, of j^imnl cell, 

Rete twtn, 149^ 
ikvelopmERtp 3t2 
Rotkukr ti&ffue, 37* Mo 
Reticiilucytc, 4b, ^2 
Redculo-EmJuthdtuI tyAteiil, 
38, 47, 

Reticulinn, of edb, l 
of lymph nodr, 880 1 

#4rt^plA*mie„ jj 
atdlnrej 1369 
Retina, 1343 
Atlrry, 727, I347 
cortiEsJ rcprcjtentatiun, 
1048 

dcuclnpmeni^ 147 

pars cilkria^ 147, ' 

1 z^h 

mmicturcp 1246 
iriiliMp 147, 1243. 
Atructurr^ 124J to 1247 
KUppoitiii]? fmmei^'uti, 
1246 
1247 

Retindcolum, ReUnacuLa 
of ojciuiie liA«mciit„ 523 

of deep faddUp 551 
oaten^orp Ol Ulkle. 6S3, fhfi.4 
of wrbl, ^26, 641 
Eexoff of ankle^ 684 
of wrkr. 62fi. 640, ^41 
AUperficud pajtp 64 r 
of bip-joint^ 513 
patellar, sao, 537 
perE»neal, inferior and mp- 

Efior, ^84. &85 
R-Etnctinn of blo^-clet, 48 

Rotrotlescion of uterm, ^518 
Rrtro¥erA.tnn of uterus^ *5*8 
Rhlawcepholun, 101 rp^iozi, 
1031 

txiEnrni#!iiirEt, 1055 
devdopmEntp i4Cp J43 
evolution, ro^Op 1021 
Atnjcture, 1050 
Rhi^d opsin^ 1243 
RhombcacephalrML, 76. 917, 
947 

cenrrea in, 947 
derivaii'iTe** 147 
(IrvelopiTiEutp 7 b, 129, ijjQ. 

10 143 I 

flEEUrEa, Z]0 
fnrnrfion#, 947 
kthmuir 131 

rrtfltian, to viaCeral avehe#, 
IJI 

Rhythm, alpha, 1040 
Mta, 1040 
RJba, 257 

cervical, lofi, 335* 3^7, ^*3 
development, 105 
eleventh, 360 
flnt* 359, zfio 
joluta, 47* to 478 


Ribs ((-cJtl.) 

lumbar, lofi, 257 
movementa, 475 
in zespirafion, 475, 58B 
OtisiBeaPnn, 361 
SECond, 359, zbi 
AtructurCp 36 r 
tenths z6o 

tai'clfth, 360, sbr, jjji 
verEebrtlp 478 i 

vcnebrochMdnil, 477 
verEebroitemsh 47* 

Rider's bone, fifii 
Ridgo, aE^tfObj-H of mandible, 
309 

bulbar, 165 

billbovEnlritnittr, 153, ]fi4« 
726 

epipcrrcardiaL 117 
Eanfflion, 128 
genital, 212 
interurcEcricp 14K7 
meAoncphrk, 171, 20b, 211 
milk, r24 
of FasAAvam, 1389 
pultnunarypior 
aupmoonaylar, of humeni#, 
3*8 

aupramttolj 145 
Ham Verse, of oacruEiK 243 
trapezoid, 363 
Rima Klottidk, 1309, ijij 
in denEutirton, 1391 
vfttibuli^ [ 309 
Ring, 

onorectalp 1455 
aortic, 71S 
atllDVCntricula r, 718 
dlirnry, 1240 
femnrah 818. 1450 
£ibri3caitilHi!^nouip of lym- 
panic membrane, 1372 
ftbmiw, of heart, 718 
inj^umah deep, 600, 601 
surface anatofiiy^ Got 
supcrEcmJ, 591 

fiiirfacc anatomy* 591 
icndinoui^ common, of eye 
piiucIh, 273, 1253 
Etachcah 1324 
Eympamc, 327, 354 
Rcida, of CurEi, iz^i 
at retina, 1244 
development, 147 
Rod-|franij|ei of retina^ 1244 
Rocf-sphcrulce of leiina, 1244 
Roof^ of mouth* 1343, < 
of veniricle* latcrai^ to^G 
fourth, 585 
third, 1018 

Roof-plate. ^cc Plate, poof 
R™i frheath of hair, ijoi 
Roots, nf hair, 1300 
oflungfe, 1338, IJJ9 
of mewmtery, 1409* 1427 
of nniti^ j 2^ 

of nervcfi^ accessory', 1 r 36, 

It37 

of ama Crriicalti, 1138* 

^ 1139,1153 
brachial pleiuip 1155 
facial, nwhtflf, 1113, iii6 
SECktaFy, iits, tii6 
median, 1160 
spiufil, 930, 931^ to88* 

iJ4h ii44t 1145 
donol, laG, 930^ 931, 
1088, ] 141, 1x44 
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(f CWI-) 

of nerves, spLnsL^ vcniral, 
J17, iz 4 J, ^31. 

tt4tp io^, ii4^ 
co^-^nnK^, it 44. 
devdopmcnt, 1I.G, 117^ 

length, ii^ 
vsnaEiuns 1 i-i4p 

■ ti 4 S 
tnBcminal!, zt^D, 1107 
of olfoctor)' fniels, 1031 
of optic tr&ct$K 1017 
orpcnU, 1501 

of ptEiyRopaliLliri^i^nijUon, 

[ Eob 

of leelK 135S 
deciduous, 1363 
pcmidivEntp tj&o 10 tjbj 
of ton}^E^ 1373 
of ryffranfl, 277, aSo* aftBp. 

Rosiniin^ of corpus cdno^turo, 
loifi, 1053 

of sphenoid boni:, 2B7p joa, 
31 b 

Robitiofi, of iqtp tgb 

AE joini^, 45 fi, 457 
of iimbsp til 
of HtQinich, 

of vcrtcbml cxilimifip 466 

Raulfiftux^ 45 

RuiRni, nerve-ending of, 9a i 
Rugstp of blAdiletp i^rimry, 
MBli 

A * of sfCTfitum^ l jOO 
of fttoiniieh, J420 
^ of vo^rta, ] sio 

Sac, Hortivi, [6ap 
dentB}^ 1369 

hemidT 1449 
lacrimal^ 
antdcA, 759 
devclopmeriT, 149 
veins, &%z 
lymphp T*ia 
pericai^tdl, 7^^ 
peritoneatp ^vuler, 14^ 
hodzoniiil disposidon, 

vertical dupcHittan^ 

Z 4 CW 

Je&Bor (buns aniei>+ 
1400, 1405 

to 1407 

sditua lOp, igO^ 1400, 
devdopmenip is^, *96, 

197 

reccfisn, tSg, 1407 
pteiinL Ste Pleura 
preputial, 1^03 ^ 

yolk, 7«, 7:^ 97, tS3 
Saccule, utfb 

developmenfp 150 
funetiona, ta^ 
nen^, 1^94 
mructune, laii; 
of luyrup 1311 j 

iilmcturep t^ia i 

SnecuN endolymphflticu^, 324, 

dcvdopmenl, *50, 151 
vaKinfllifr, 115, a]6 , 

SBcniiTip 243 to 247 
cptpbysn, ayo, a|i 
loiEertJ rm«H a43. ^44 


Sacrum {fvnL} 

movemeOlSj %iy 
fKsiScfltjonp 130, as I 
in pelvis, 403, 510 
*e3G differtneea, 247,406,407 
scTUCturc, 247 
viriotioeis^ 247 
in vertebral ooiutnrip 251 
plimp, aacii 
Saliva, 135b 
Sarcolernmn, 33, 54^ 
Sarcoinefe^ 33 
SsTcopbimp 33 
SaLrecHome, 33 

Sarcoatyle, 33 
ScaU tympuni, 1283^ rago 
dc^-elupFiient^ 151 
vestibulj^ 12^3^ 1290 
dc i-elopmcnt, 151 
SoUp, 554 , 553 . 5^4 
applied anaiomyr SS3 
inerie*, 745, 746, 7+7, 75^ 
fascii, sp 

Jymph uniocige, ^85, 8^6, 

8K7 

mu&dee, ssx. 5^3 
nerv*i, iiw, tiP 4 i ii*9* 
1147. 1151 
vedna, 837, 839 
Scapfiaid banc, 3B1, 384 
Hnmotofp-, 443 

ipjtirr- ^9^ 
os^iAoiiionp 391 
surface anatotiiy, 3B4 
Scapula, 3stt, 359 
cpipKv'sca, 362 

lwnn 3 os>% 
li^mcma, ^2 

lDOi.-emeDia, 479 k 4 ^^ 4S1 
os£ificmtjatl+ 362 
in shoulder pfirdle^ 336 
slnieture, 36a 
ScapuB, ri^, 1300, rjor 
Schindylesht, 45 < 

Schwann, shEiilh nf, 40, 42 , 
127, lay 
Sclera, 1236 

development^ 149 
vftKcli 1338 
Scletotumo, 79, 103 
Scrotum, tsoo 

applied ardlamy, 1501 
arteries, 8xx, Sat, 1301 
development, aifl 
homalo^^ 220 
Jymph veMcta, 907 
nervn, 1174. tt 9 *Jp 

1501 

vcifti, 865, Sbfl, 

Sehnm cUtanEUm, ijca 
Secrrcions, intemcl, 1547 
^gmcntfltic^, of memcmi, 
77 . 

of ovunt, 64, 66 
Segments, bronchopulincn- 
ar>- 1333, 1341 
intemodal, 42 
of l^mtermiuiii, 42 
medullary, 4^ 
pTunim-e, of etnbryUi 79 
spiruib 931 
Uterine, Inwet,^ 1515 
^-aBCular, of kidney ^ 1480 
Sellii cuieica, :394+ 31 % 
Sensation, 919 TO ^6, 1072 
dUBociutiollH 107 ^ 
lo^t 

varieties, 1073 


Sensation (Conl.} 
epicfitie, 924 
painful, 017, 924^ 944 
ptoiopathic^ 924 
aomefthclic, roxb, ¥944 
tactile, 9a 1, 924, 941 
thenn.il, 923 ^ 924, 044 
SenvibUHy^ cutancoun, gtg, 
9 ^ 3 . 93 + 

deep, path of, 945 

rate mccpiive, 923 ^ 923 ,924, 

1072 

^statory, 954 
interoceptive, 932 ^ 923, 

1072 

olfacior>% 1934. 1950 

pditful, 944 

proprioeeptivcp 932, 945, 

107a 

(ACtilep 924, 94^1 944. 'H3 
SepEump frortopulmonart^ 
apiratp 162, 168 
setuiI, 7e7t7»9 

devclopmetit^ tbo, 161 
atriciventricular^ e 66 
bulbttr^ distal, zBa, 166 
pnucimjLl, lb?, 
uf diiorbi^ 1522 
femoral^ 818^ t45-ai 
intermedium, tl^p lOt 
intermvwilar, 55 r 

afiel, 1444. 1 445 
of arm, 622 
of leff, 67a 
nf idlej 687 
of thi^ih, 656 
mterorbitonasiii, 107 
lucid um. S. peUvEi' 
ducn 

mediastinal^ 702 

nasal, 299* 3o0p 303, 

applied atratomyv 1234 
aTEerics, 745, 750, E27Q 
bony,. 300^ jea 
cartilapnnuSd jaaj 
development, 107^ 113 
ETKibik^ 12Zb 
nen^, jajo 
o&aificalion, 336^ 339 
veins, 1230 
orbital, 1459 

pnliuar, inicmicdiaie, M5 
lateral p 644 
zncdial^ 544 

pectinifQrm,of ditartti^ 1522 
of penis, 1502 
peUuctdum^ 1056 
nttcry * 739 
lavity, 1056 
development, 1053 
of plecentH, 
prtmum^ of arrla, 169, 

709 

nf Mftitum^ 1500 
secundum, of atna, 151 ^ 
709 

ainut, is 9 f i^t 
or spina! filed uLla^ posicriur 
median, 127, 93c 
develnpincntp 127 
apurium, isS 

aubfiroebnoid, 1085, 1087, 
]o88 

of teatia, I494 
of tnii|{ue, 1380 
tinnavcrmum, 84,^154, E 74 p 
189^ 202 
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Senium {sNrtf.s 

tnciftver^ump derpvutivca, 

Ttlurion, ifi Iircr, 

202 

of awnpcirojUr ductij 

tznb 

iLftirecfiiK z^-i 
ventricliliri 715 

dc^Vckipmmi I l to 

[6(i 

nicnibnmDUJi pnxt| ifrfj* 

Hfftmi, bi<wj 4 , 44 
Sesamciid boncs^ 44U 
of fcHrt, 44V. 67s 
of Himt Eufip 44V, &90 
of Ikfliid, 44V 
of tUiinib, 44y, 6+7^ 
fie* celjai^ in eimibp,'Dp gftp fkOp 
31 I 

Sm clirvoiHfTn, 3, 

5 cit dotiftmiiufino, £14 
Scsc difTen;nce»p in 
130J 

m ptIviJ, 405* 45 C». 407 
in fiann4m, I47 
in skuir^ 3^5 
in ihamx, 2t2 

Shdfi, of buir, 1Z4, iiWp 1301 
tti lonu fkono,. jzfr 

ffibrc*^ ajp 353, 

^ 13*5 

Sheath, uf Biterwa, tvo 
uf iiiHovmi riculur bundle, 
73 t 

Kxillary^ 566, 77b 
OErntid^ 56b, 736 
dentin^, 1364 
eprthebal) of racit of looth, 

of eyefwHi fflapal^ 1335, 

femoral, ^10 

rcktinn, lo httfvia, 1450 
hbro^rnifaTp i.Kf urter>V 

hbmiUi of tendoft* 

Anjferftp I13* 

of IOC*, b 38 
orkidne^T, *475 
mcdiillar^^ 40, 4^+ 137 
dci^rfkenitinf), 41 
miio^uodriiil, bo 
of Efkkiiclc*^ oblique, of eye- 
bdi, 1334 

rc^ii of eycbufl, i^sOt 
i 35 t, ii>t4 

rvciu* obdaminiHp 597 

onurolFmnu. 40, 43. *17+ 

tiv 

okjclnicdp +□ 
lif olfacior>' nerve*^ 1003 
of optic nenre* iofte, 10135 
of parotid plund, 565^ 1350 
of prmtaic, iifiSp 1504 
of rnrtu* atMloininis* S07 
root, of taoir, a JO I 
of SchiATittn, 40p 43, iJ 7 ^ 

E 3 Q 

of «T>loid praie**, jfiy, 
a»9. 335, J 2 t 
KyEioviaJ^ 5^1 

*TQund jinkk, ^* + 

liSip 685 

of bicop* irtulonp 4^ 
f)f cxtrnior icndon* of 
^rkklc^ 685 
of w-jfeit, ^143 


Sheath (opet/.) 

*yDDvial, oFd^or tendoa^i 
of ^knkle^ 68if l!i85 
irf fin^jen, ^41 
of petoneip 6761 685 
of tocB^ 

of (14] p ^42 

inflflimTiRtiunp b4b 
of limb*» Sower, 

upper, 64t, 64a 
Shell, tropbrtbiftslic, -qo 
Shield^ cixkbr^'ooic^ 75 
Shin, 433 

Shoulder^ 47t^i oV/ dfrfk 
Joiaf fthoLlldcr 
SkaloflTapby,, 1357 
Sibiion'* faKiu. See Mem- 
bnne^ auprEpkural 
SiifOp iVcmk'Icnoca^'^, libs 
SiiirkA, 547 

SINUS, air. Sn Para¬ 
na^ 

«icl, 1441 

AortiCp i 6 b+ 714^ 719 
oirotid, 73b. 754 
ticTsts., i isS 

cawmous. See 3 ,^ vcooua, 

cavemoua 

enrunary. Ss^ venoiia, 

corniiB^ 

af cpididiTnij^ 1473 
of kidney ^ 1474. U 7 b 
kctifeiou*, 1534 
uf lAir>itXp rjir 
l)-iiiph, EJitj ^S7g* 8S0, bba 
pamnasaf, 3 sN, 1x31 

applied ainalOmy« 1X33 
development. JJrj^ 331 
Ijbp 347 

Krovi-th, JSJ. 354 , 113* 

lymphatk draicia^e, 

Slilhii 

eLhmoidalp 

Cellullf^ ethmoidal 
fronud, =gip J30. jjip 

3J1, ii32 

opcninflfi, 301, 303, 

33 tt 1^33 

masIfUry, 343,1233 
applied artatomiVp 344, 
J 4 J 4 

growth, 347, J2j4 
opcninjcR, 3^3 
reSutioh^ In Imsal ovityj 

373 

aphenoidid,^ ay^p 2^4, 

dtv, 1033 

opemntr, ago, 100 
rfktion lo iitu«tl cavily^ 
OVV, ^01 

of peHatrdiuin, oblicjue, 

703. Kjb 

iral1*Vci:»e^ l;S, 703 
pretei-i'kal^ 117 
pmatatic, 1400 
of pulmonary Imnk, 711 
ccnjil, I4'?4 p 14711 

tam, * 71 , 435. 437 

tonaiHiirp I jl*i 
uro^cftinilp iv4, xog, 217 
vefiarum, ibo, 708 
VcThHUt of hearty 155, 15.®^ 

1 ^ 7 * 174 

aclenTp 1237 

rcnnusp 835. S47 

btkudur jubcworkf 853^ 8fi4 
cavermnuL, 850, tijSi 


SmU£ (ronid 

V^Dixa^caverDPlC*, appli ed 
ofiHTOiny, S^Vp ^51 
developnteni, 179 
relation of oervw in^ 
loSi 

thmmbHHLs, 839 
earcaUr, 85 a 
caoHuencCp 311, 84? 
coronary, 708, 83b* 
devclopmeni^ 158, 175 
odRce, 708 
vaii-c^ 7&fe 

of du^ maler* 845, S47 
dcvelopmenip 179, i8d 
ftirucrure, 

of extertul joitukr, 840 
infefCB%'emou 3 , K52 
iTuit|{irukl, nf placrfiTa^ 

meningeal p rniddlc, 853 
HTL'cipiEitI, 849, loNl 
pelmsaU inferior. ^42, 

isi 

Dupea-ior^ 8^3^ 1081 
petrmqLuamcHHp 84V, 854^ 
1271 

^jtfttaf, mfefior, 848, 

io8j 

development, 18O 
fiupenor^ 847, lo8j 
applied anteamy. 847 
de^-elaptncnt, a 80 
HUTfBi:eAniiEom>% S54 
^gmaldp 849, 8 <j4 

4 kppUf^ tmatomy^ laSa*^ 
dcveliPfFtaient^ 179 
rclntion^ to tympanic 
untmmp 1274 
madacc anatomy, 854 
*pbeaio^neral, 851 
kkani^ht, 848,. 1081 
development, a 80 
ffansvoi^, 84^ 108] 
development, f8o 
Burfacc inaEitmyv 854 
Sitau« 4 dda, ^>94, 9v8 
of ^nipTiareoal ^litada^ 698, 
^S 77 

of liypophyBu^ lOia 

of liver, fnj8j. 1464 

dcveJopnumt, 175, 198 
of pBLruEhj'roid i;Ebrkd«t 698, 
1532 

oFipleen, 1541; 

Skclefnitp 

appenihojSar^ u6 
mmU 2x6 
devrlapancnt, 

Sktn^ ta 4>4 

Bppcndaijtt^, 1298 
Etterie*, 1x98 
developnicntp 124, 2x4 
ctld^ortpiiu, 92a Co 9x5 
of ftctu*, 234 
fttnction», 1x94 
Alundu, 1301* 1302 
innermrianp 020 lo 925^ 
1191 

lymph vcftvels, 1298 

neRrOp 1396 
ftkaxkcture, 1297^ 129H 
true, 124 
of anti*. *444 
of aurtdcp izfi^ 
ofeyelidt, sajS 
of fhiuer*, 1295 
of foot, 1294+ ^^ 95 + 1197 
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Skin (trottl.} 

dfhundp 3 3 ^p 12^7 

of mcatuAp utemal HCOlistii:^ 
i=l6 S 

of nQUe^ I ii.'j 

of pentH, 1503 
of iM^ap, S53 

of SCFOtUEn, 1500 

SkuEt, 364 

diiTtrencca, 
i^PpHcd anfliomy, 355 
hstse, 26 s„iiZzj 291 
cl^oTiIal palt, J07, ICK 
tJdemnl ^Lufaq^ 
Kypophystfl] part, 1C7, 
loK 

intcmfil «LUffaoe, 2^1 
inirrorbiionoA^t pan. J07 
Bt birth. 352 
bautcmal, 107 
C 4 p«dl>‘. 

chondrin»iion, loH 
ctiinioacricyp 35s 
devcIopTntiit+ 107 
forLliirLdate&p 352 
rw»±. FqssIti tTuniaJ 
iiKtnbninoLiii, J07 

tnorpholo^>V 107, loS 

movemtnts. 470 
uorma. ba&olij^ ±B2 
fropttLli^, 165. 370 
lateralis, 265, 277 
ocxipktaloi, 265, 176 
^'crtkiilii, 30 jp 369 
ouifkcaticHip t07 
!Mjjt dilTemiccs, 35+ 
sutures, 

obhtetitiun, 2^1, 3^4 
cablrsp 336. 2 tf 0 
mnn. 3|7p 8ly, 844 
Skill365^ 49 L 
Sleeps centte, 1005, E015 
Smegma prepiiiii, 3503 
Smell, oTi^ati^ 1234 
Snuff-box, anatomicaL 640 
Sockets. of mandible, 

303 

of mAxilljl, 345 
Somuropleure, 79^ E23 
Somalolypca, 1399 
Samjt»p niesodcnniCf 79 ^ 

134, 331 

Space, cavemuii^, of penis, 

corneal, *238 
of Dine, 1464 
cpidnral, ?c 83 
episeleml, 1334 
excraduralp 1083 
cxtrnpcritonral, 1414 
f&scifli, of pflLm, fT43 
infracolic, 1414 
intercnasial. 357 
in^-r^foUilar* of dcotme. 



mtcrscptovnlvular^ I^p I&I 
intemlloLis, a( plaEentu, 90, 

of irLdocorncal anjiTe. 1239 
of Mali, 1464 
mcdullan'f 37 
pabimr, mitkile, <143, 646 
pelvirecwlp 144b 
periaflaf, 1445, 144b 
pcrichotoidaL 1237 
perilympKuHc, i^^ip 

1383 


Space trtwp.) 

pcHnetJ, syperiicUl, i>o 8 

deep, 

I periocumf £093 
perincuconalp 10S6 
peri^’aficular, of bruin, S7S 
peri^irellinc, 58, 61 
quail rani^ulnr, of amSr ^3^, 
H 5 « 

reEnacarEliiCp 717, 1333 
relmpharTnifeab 566 
rerroftterrul, 1333 
iubamcKnoid, 10S4 

coioiounicatiofu. with 
pcnl^tlilphaEier spacCp 

13*3 

with Bpacctt of olfjitf Orl' 
nenei, 1084, 1093 
development, 145 
subL'npsular l^-tnphniic^ Sftc, 
Mt 

EubduTuI, l 4^p t 683 , I {>83 
subliepotic, 1414 
Aubmucous, 144^, 1446 

subpbtenk:, 1413^ 
»uprfli:olir, 1413 

suprasternal, 5^ 
theiuLT, 6^^. 

'['rauht'ft, I 4 S 9 
idjtrijjuJar, nd 635 
i-cflims* id coq^in caver- 
noM, 1553 
xonnIiLr, 13 ^ 

Spast[cit>% 1076 
Spee, cun'e 1 jfio 
Speech, eimlfe^ 1335, 1043 
Spem^sieleo^is, 62 
' SpenmtidSp 62^ J4oS 
j Spermatocclep t49fi 
(Spcrmatccj'lca, priiruri'. 6z^ 

uy.s 

secondaryp ^3^ 1495 
SpcnxtaTOjtyniBv bi, bo, 1495 
SpcrmalOZoddf 1 . 5 S. 

M'i 5 

development, fio, 62^ 63 
elenttm microscopy, bi 
tnucilityp i>o 
structure, 60p ht 
viability', 60 
Sphenoid bonc^ 314 

applied anetomy, 320 
at birrh^ 319 
cbotidrtficarinn, 

108 

dcvElopmenEp L07 
o&sihcaiion^ 319 
ia anicHor cmniJ^t fossa, 
163, 293. 293 

in middle ctBOial fossa, 
ifiif, 194 , 29s 
in nomia basalis^ 283^ 
184, 3S5, 387 
iatetaliM., 177 

body, 263, ai>4* 295, 301, 
diviui, 315 

pEeri4(i>id processes, 383, 

31S 

rosUnimp 287, 316 
spine, 184, 287 p 317 
wings, greater, 107, 3*5, 
31b 

inftatempHiriil vurfaccp 
279, iSj, 287, 317 
in nrbit, 275, 317 
|«$er, J07, 265, 393, 317 

in orbit , 474. 317 


15^5 

Sphincter eni extemusp bofu 
607, 1444 
inurmus, 1444 
of hEpuio-pftnctcalic am- 
pulla, 1468 
offlddip Mb8 
palatnphariiXKciilp 1389 
puplllw, 140, 114^ 
pyloric^ 1419, T4M 

innervatifm, lljs, ulSt 
t2t7 

urethne, bo^p 1491 
in femate, 6 jo, 1492 
vesioi'p 148^, t49ti 
Spinal cord. JSee Mcdulbi, 
Kpinalii 

Spindicp acbromaiiC, 4, 59 
noJtic, 732 
muscle, 550 

ncurunni»cnlar, 350# 9 ^* 
neiirotendirKiui, 911 
Spine or Spina — 
of axiii, 234, 2JS 
bitkin, 105 

fromaV, Sr* S., naaal, of 
frontH-l bone 
of helix, 1265 

iliac, ontorkir inferior, 393, 
397 

AUpenor, 392, 397 
surface anatomyp 3^72. 
poAEertor inferior, 393, 
3 V 7 

Auperior, 39J 

Hurtace anatomyp 3931 
bchkil, 40a, 4^1 
OHsalp anrerior, 1734-ir 
34 & 

of frontal boncp J02, 33O 
pofilerior. 283+ 348 
puhkriJef TubercEe, pubk 
of Rcapula, 3 5:6, 35^. 361 
epbcnotdal, 3B4, 387+317 
iupnmieatal, 278^ 3I0+ 316 
Vertebrnlp 229 

surface lanafomy* 25:1 
cervical, 230^ 331 
Seventh, 235 
lirnibaf, 239^ 241 
sscniip 242, 24^1 
thoracic, ajb, 139 
Splanchnology^ xxiip 1303 
Splanchttopleufe^ 79 k 81 
Spleen+ 1542 

ucce^r^'f t543 
applied nnalomy, t JI4b 
arteries, 799, 1544 
devetupment^ 199 
fkbrt^h»tk coat, 1543 

l;^Tnph dminagCH iJOt 

nervrsp 1546 
peritoneum, 1543 
pulp, 1544, 3545 p J 54 h 

ainua, 1545 

airucturcp E54J to 1546 
SLUface artatnmy^ ^543 
veim, 874, IS44. *545 
Splenium of corpus caltuaum, 
1048, 1953 

Spoiid^'io1i«lhcd*> 253 
SpoOjpohljisl p 125, 128 
Spot, bjindp 1243 
K^erminah J7 

intlk>% 1409 
Spufp of trlaTIcus, 1276 
aclemlp t2j7 

Stalk, conned inn, 7 A 83, 87 p 
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15 ^ 

Stalk, onlicK 136, 14A 
pinml, looS 
SlApcttf 1177 

de^'clortincn t. 1 rK, i£,a 
rnavcfncnls, 1^78 
Qt^ifliCiLtimi* liTH 
f^t^rcodJb, IT 
SintHsunw** J044, *047 
Sitmum, ^53 
din«lc^t>tnciiE^ 106 
joint*, 473 
Ofi&ific:Btian4 2tj6 
itniEtufT, 156 

Stigm&ia, tndiithcLLDl. 1414 
Sllmuli, olfpctary, 1050 
StomacKp 14^1 
Artirrit!;*, 7^7, 

1411 

'biitv iTca, [417 
brd. 1417 
body* fc4r7 

CLLTVIltiirCi sy^ 9 p 141.6 

devL'topTncnt^ 188 
fui1rdu4p ^4^5, 1416 
^tric cannJ, 141^ 

^tuncU, 14^ 
interior^ 1418 
lymph drainijgy. 40Q 
ndd«*p 890 

inijcouii m^mbtanr,. 1410 
ncnrt* j 1 .12, 1115 , 1300 , 

141a 

opt-mng*, X4l^ 
pcrilunnuTit l40S^k I401, 
1405,X407 pi40«p 1416, 
1417 

positkfij i4fi 

ruratioFu in, 1415, t4t7» 
*4»8 

pybrie part, 14164 1417, 
1421 

rodiograpliys H^ 7 i 
relatiorts^ 14^ 14*7 

fotutinn, 189 
'■ utttr-hofn/* 141^ 
fttrocturo„ i^i^h 14^1 

(urfiicc Euntomy, 1415^ [416 
Kiuficct, 1416 
vTins, S75, B76, 1433 

StoniBLi, pcritDdcal* 1414 
Slomodeeiun^ Sip I OB* iSx, 
3za 

SEfundp dorsal ppripbemlip 

046 

tTuJij^kr^ 04!^ 

Siml^rti. Sf* dffo taiycr 
buaJc^ of akin* Op 1296 
of uiixrLi^, 94 
ccnLmJ, ites-'p 997 
dnffcum* 9PS* 9 q 6 
compnctump of drcidim, 94 
comtutn. of altin^ le* 1394+ 
[190 

pcrniindm'um, of akin, 1296 
liEvdopifntnt, ri, 
ltnviiLj]o4uTn, of ovArinn foil- 
IlIc, f7. ^14. 
of *kiii^ 9h 

iniermcdium^ of choroid, 
1339 

of cmxmcl-orgAii, 1369 
Icmniaci, 906 
lujcidimi of vkin, 9p ti.gb 
opxicunxi of nsciniH i^ 4 S 
of ay pcrior riolliotilu^, 996 
ipinoa^ of aluii^ 9^ Tigb 
fpanjpmiity, D r decidua, 

94 


j Sinitum (rfP4f]i 
I xoriAlcp of fupexior coHicu- 
I luSi 993 

of 1 hulELmua^ lOOO 
, Streak, primitive, 74, 79, ill 
; Stretch mseptoTS, 9*^i 

9^3 

, £trb, Auditopy, Jir# Stria 
' ryodultnr«« 

I habenylfijria. Tionic 

I foTtikia 

loziRitudinnlp of oorpu* calU 
oium, lOjj, togj! 
dovolnpinent, 
mcdullarr^p 951, 905, 98S 
trnrkinAltf, rooo, 1033, ^057, 
1038 

in lareral ventricle, 1057, 
ro^S 

vssnilariap of oOcKka, f2i>9 
vuuaI* J0:j6p 1045 
Snipr,, flcnBcd'a, 1193 
Stroma.^ 

nf rndonierrlyni* 94 
of irb, 1241 
of liver, iqK 14&J 
of ovflr>', 57 p aT4, 1300 
viircoui, 1348 
Siytohynlp 326, 337 
Substance. ^t§ ubo Matter 
temertlf 7 

^bnnaidp of placeman yS, yy 
firoy* 37 

of ccrebdlumh yTyn y^t 
of cerebrum* 1036 
of corpus atriatiirn, J064, 
1065, rofrb 

of medullo ob1on|t«ti, 
931 to 960 
of poiu, 963 to ybS 
of spinal mediilljir 93 a 
to 939 

of ihitamuf, looa 
iruercelluldr, of epitheiia, 7 
of connecrivo tinuet, ii, 

ti 

pczfdraleii, anicrtor, loyx, 
1031, 1051 

nrtcrie* picrciiif^^ 739, 
760 

poatcrior, y33, roOy, joio 
aiteiica piercUiK, 7^1 

770 

white^ 37 

of core-bcdlum, 975 
of oetebnim, losB 
of medulli oblonpaii* 
ysi to 963 
of poo*^ 963 CO y&y 
ofapitial ntedulL^ 939 tq 
947 

Substantia compacta, of 
bone, 33 
femj^Rcq, 987 
neUtiruKi^ centnlb, 933 
of medulli oblongaiOp 953 
uelatincHis^ of ftplnal tned- 
, «lt». <1131 937 

ntSM. 40,(1S4.9S9 i«J®. 107*^ 
propriJip of comcaH 1338 

B|H:m£^k]ru, of bonr, la 
SULCUS, SULCI. Sf f 0^10 
FisaUM and Omovr% 
aivcoloN-lubLii], r[6 
ontEhalict* trwuvmya, 1 
aiial, loii 

baait^^ of ponft, 063 
calcanei, 437, 43!^ 


Snlcua* Sulct (coni.) 
carotid, 3x5 
CCrebellafp 971 
terebraJ* lO^ to 1031 
calcarine, lOiy 

caltnrsal, io^y 
ccnltalr 1032, J033 
flet^lopment, [43 p 
SL ixface uiutomy, 1034 

ceEitmlls insult, lof? 
onnuli, 1038 

developTriirntT 143 
cirmdar,, of insula, 1037 

143»1930 
complete* 1033 
ftmhnodeniale, 10J4 
fmnia}, itifctior, and 
fluperior, (43^ JOlj 
habenuLz, toot, 1008 
hEppocampal, 1033. 1034, 
0051 

devoloptnont, r40, 142 
bi^othalamic, 136, looi, 
1009, 1013,* 1019 
iruuls^ cetitndia, 1017 
irucimcdLEia primus, X037 
vecnnduB, 1017 
intraparicral, 143, ioz6, 
1027 

inrenubereuXar, 368 
lateral, 1023 
deveiupTnciit, 141 
aufface Onnlomyi t03| 
limitiEfia, 136, 987, y88 
litnrtinfi', 1023 
luiuilc, tOz^, 1017 
occipital, lateral, 1037 
trcnsvcTse,. 143, 1037 
ocdpiEotcrypoml, 1031 
olfactory* lojo, eqii 
opcrrulated, 1033 
orbital, T030 
PBrieto-occipiial^ 193 j* 

1036, X029 
devciopmmt, £43 
pdPolfd^EOiy, tozS 
polatn 1037 

pOiiEcalcarinOr 143, 1033, 

lOty 

postcentral p ioa6 
devdopment* J43 
precenrraip xozs 
dev^iopmciit, 141 
rhinal, X030 

of Rolando. Si* Sif cea- 
tral 

tybparictal.r T039 
*ypmip|eniatp roay 
CDuporal, E026 
developrmcnt, 143 
Coraqary, 704 
labioderiEal* i j 6 
Jiteralp of cerebral peduncle, 

Umilaiu, of neumi tube, 
136 

of fourth ventricle* 130* 
9^7 

of mjd-brmin , y38 
nf apmjil med;y]ta, ia6 
malleotarb, 327 
medial* of cerebral ped- 
uricle, 989 

median, nf fourth ventricle, 
9*7 . .. 

nf iKMidixTIa oblongata* 
f^s 

of Spinal medu Lia* 93O 
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Sulcu», SylcI 

af FTicdiilLi ublantpLhlp 
jiitcralnLcra.!, ^49 
pOAtciVh'liit'Cnil^ g49 

pcironl. infenpr, 313.1 JM 
Superior, 33 t 4 
prc-alutirtibErk 
for radiul £beni' 4 r| 3b& 

3 gi^ 33 i>^ 330 

tcTer^v, TJ3& 

«tgmaid, 397. 33* 

orApinaE tA?duU»p Q3E> 
spirulLs, i>f cochIcSp ^390 
Ulip 435 * 

tcriTiindlLSp df heart, 707 
of lonjiuf, t ]|73 
drvekipDicnt, 185 
ciF imn^ver^e iinm, 3x3^ 330 
luhxi 317 

tympailict 325, 317, % 2 $% 
147a 

vfllieoulFi^, 97* 

" Sup«rfidd,'^ KJiui 
** Syp«riorp" Kxii 
Supirmtidtlp 495, 4*^ 
Sypprnsion, kC49 
S^ufCacd^ Anaiomy. St 4 f undi^f 
individual UrTintmet 
E^Uftecnidculym hepatl^^ 14^3 
lictiKp 1410 
talarc, 434^ 43!#^ 439 
Sutural twDcs, 341 
Suturea^ ^64, 353 » 45 i 
oblittfmitnn, ^01, 354 
vadttici, 451 

cditidiJp 363^ 269P £91, 3^9 
crucifomi, 2S2 
denEicyUtCT 45' 
frontal, 473, 333 
ffdiUo-cthmoi^Ep 174^ 29 s 
frontdiBcrimal, 374 
fffFnioxi'HMiilliTy, 371, 37a 
frdUEdnOAtit, Z7Q 
fromozynDd'kiJlkp 270, 377 f 
3 Si 

incisive, 347 
intemuxilUr>% 282 
inl«tna««1, 470, z7t 
iiiter^Tutmc, z8z 
lBEdiindnuiaillflr>'» Z74 
lambdoidp 265, 3 ;^p ^76, 

3 ^ 

of (cub, 1449 
fimboua, 4^1 
mtfiopk, 33J 
n[u£4]£rmxil3Mr>% 171 
occjpilofnaSldLJ^ 176, 478, 
i 9 ?i 31^ 

pal 4 tdfn 4 i(jl 34 r>\ 28a. 3*^ 
paritfrofnasroid, 476p 278p 

i97 ^ 

peg-aild-^O^CU 451 
pelno-DCCTpirdl p 289+ 197 
' p^trosquamOvuT, 345 f 

U71 

p!«n«. 451 

•aj4tl(a1, »6s, 209. * 91 » J *9 

EenUtCp 451 

fiphcUD-cibnioidal, 492, 315 
aphendaygomuliC, 47^ 
squAmnmastoidr 280p 330 
aqudmotynipanic, 178, 286, 
238, 29^^ 312 
fiquMiuOu*, 3x2, 4St 
tynipaftcHiLtstoid, 290, 32^ 
vomcrD-clhmuida(+ Jdd 
xyifdirutioonisxilljtry, 271, 
75 ^ 


TygpnoakicotciiipdnLL, 177* 

. 3 ?* 

Swallown^, aot af, i399 
Swelifngi, aryt^oid, l88p 

209 

l^emCnJ, 218., 220 
in femalej. 118p 120 
(m(iuatp 182 
SympaiJicctnmy* tiii 
SyiTipiihoblA«ntH 145 
Symphysis 453, Sf^ 
JdLDtp »rtita}cinoiiim 
incnlii l£8p 303^ 
pubi&F joBp S09 
Synipwp 914^ 915, *}i(> 
S^yodptlC connocionik cruciulv 
idcddondniic. 9^ 
S^^^chjondrmb. Sff Joini, 
cflitila|;;^noil& 
pouT^etutnib 249 
-Syncviiuinii 12 
Synaosmoldf^y# x%\i\ 4S^ 
S^-ndniniosiK, 451, 45^^ 
Jdialp fibmut 
cubdidconaviculafp 539 
libintibular,^ 452p 530 
S)W5rofiip prcmfliurtp 31 
454 

SyhnRdinyejb, elTecti cf, 944 
SysicfUfi 

blqod 694 

hinhp 725 
davoiopjnont, 152 
dercbcllitr fibre, 1077 
chroiniinini, 1531 
dLfcsiive, 1342 

d^velopmmt, til TO IQQ 
cjiinpyramidflU 93 <^f 947 f 
9S4, 1009, 10*7, 
KlvccBiiiiip 23 
lyfnpbjtiCp 694^ 877 
devetopmcni, iSo 
macrtiphasi^r S., re¬ 

ts cuEd-«fl do |Ji dial 
rkcrvduSp 913 

dcvelDptEient, 125 
e^'dliiticn, 913, 9t4 
funcbmiii] oomponenis, 

917 

ElTuCtural companelilaip 

9t4. 915* 91*- 

1197 

subdivisiOM, 927 
aiUonumio. 918, rf97 
devetopmentp 144 
centmb 914^ 9^7i 9^ 
dcrvbn»plnat, ]o33 

cxtrapyramidal, 947* 

9S4f >0^. ^“76 
para^ympaibelic, 928, 
937 p <i97i *199 
centre, idi5p £049p 12 o£ 

development, 144 
pedphenb 914* 9S7 p 
loii 

mnrpbnldgyp xoii 
pyramidal^ 93&, 1072 
»amatk, 917 

cfTeCtor cndinKit 9ltp 
Bplaoclink 917 
sympalbeliC; 92S, 937 t 

[t97p ElDl 

applied atuTomy, 

[2J2 

centres, hivbcr, 101S 
1049, 

dr%-cldpmr£iXp 144 


1597 

Syatems KeofU,) 

fympatheltc, function, 
ria4p izob 
pkacii«o«» 1314 
stnKiturek 1203 
cephalic part, 3 3dh 
cervical pert. 1207 
jkintbkar parti 9J7+ *^*3 
pelvic pirt, 1213 
thoracic part, 937, 
sirr 
pond, 874 

accesMin^p of Sappey, 

87 ^ “ . 

of hypophy^ cerebri, 

10 X 3 

re«pinlory, *303 
dc vcTopTnent+ 200 
reticulu-'CmIothcl ial K 5Jp 
i464r 1^4* 
tilcelctol, 10j, 226 
urogenilab 1470 
de^'elopmeni, ±04 
Aci boitiolo^es, 320 
i^aacular, 694 
at hirtb, 725 
development, 151 

TKfiiieoolip i433p 1447 
fomitsb, 1001^ jpq 8 
of fourth ventricle, 985 
liberq, t4tU| 1447 
tiioMKoheae, 1402^ <447 
omenTalea, 1408, 1447 
pontis, 988 

T^p of cDudS3te nucleuBi 

io6j 

of dentate ifynia^ 1033 
of OFixb^o, 222 
of epididymLi, 1493 
of helk| 1265 
of pnnereaq, 1453 
^Fflil lohl of enfibr>'o,3i, Bip 85, 
221 

Talui, 433, 434 
homoloi^p 443 
CMAiboitiDn^ 446 
surface anatomyp 435 
in tar»yp, 433 

Tapetutn, of cbornid, 1240 
of corpus CalEoft^um. eOIK, 
tOS4p 1058 
Tamua^ 433h 

bones, ^33 to 443 
compan^^n, wiih catpin^H 
447 

homolu^eti, 442, 443 
ossiiicstKUit 44^1 447 
aynoviiil cavities. $42 
Tamuj, of eyelid, 1258 
TaAle, orgin, 1223 

oonECil centres, loai, 104^ 
ficrvd, Itob, tit9, 11 
1224 

Sense of. xoix 
Taste-biulsi 1223 
atmcroTCi 1223 
of epiglottii, 1223, 1317 
of larym, 1317 
Teara^ 1262 

Tectum of mid braElit988.^ 989j. 

995. 99b+ 997 
Teeth, 1^58 

appliM nnatomy, 137a 
arteiicSp 749, 7SOp 1365 
development, 481 p 13*7 
to I57X 
eniption^ 
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lymph 

maJibruuitiom, 
ilcn'inj 1104 ^ ] I ] I. 

Ijfir? 

fvdioln^y, 137^ 

(lyrfftCisi, 1359 
tprutrurcf 1363 lo 1367 

13 ^ 

biciMpid, 1361 
cimLnr^ 13.61 
decidua us, > 3^*3 

crunii^jfi, 137* 
eye, I3^ii 
ifititafp 1360 

mnbn 13^3 

{Mrmjin^ntp 1353^ 

tiKhip t3&a 

applird zmiiLamy, 1 37 r 
k!a.Ecifkii[iLjn, lj7l 
de^'clnpmcnti 1370 
cmpEion, t37L 

!iucc«seiuniii, *370 
*uper»ddi^d, 1370 
prttriidAr^ 13ft s 
u'T*Jaai, 135^1 13^3, 1363 
Tiwicik cyuipiintK 131, 195 
lijb, 3J4, 1271 
reJjitiunk to tyTupanii: cni'ityi. 

1171 

Xc^nicntiLiitip of rHefrcncepKii-' 
loTi, 135, oti^, to 

995 

oF parui, 9^^! 9^3 

JEUmhukilui^, JDOi, joag 
TeJa cboHaicU^, af fourth 
vmtrlclc, 9S5 

i>r Ldicra! k,^ntiictc, looi^, 
ta54p ro&9 

of third v 4 :fimc:iOk lOzS, 
105^ 

iijlerin. 1079 
da^’clopTncnt, 139^, io7d 
TkftenctphAiiwitHvn, 1021 
Tckficepbaton, g:i7, gfj7p 
1919 

derivAlivt*, E44 
dc^'elopmcHl^ 13)^ 
evfilmioUp lOlu tu- 1021 
pam of, tOl I 

IVIopluue of cell dii'UioD, 3 
7'{ikn are fc^LutioTi, to 15 
Tomponii botic, 3^0 
rigr cK»ii)S««w 3^7 
at binh, 327 
choJidriijcdtionp 108 
in middle croninl foikTa, 

ninrplioloviy^ Ji* 
in norme tuBalu. sH^p =1^ 
laremhip 277 
offaiEcatjoP, 32^, 327 
■tructuie, 326 
niAstaiid pi^itiotli, 27M, 

320, 3i2, 354 

petrmia porriofi, ihjp 266^ 

395 . 3 ^. 35*3 

A^iuofiiiitM pan^ 261$, 294, 
330 

HiyloLd pruTcrwi^ lln, 279p 

280.320^336 

l> 7 npMric paith 3 * 7 . 27®. 
2 «fi. 38H, 34^ 

^jCnmatic pfoccsip 267, 277 
ia&. 330 

Tenda OfltcMeUa, 677, 67K 
Tendon T>r Tcudoiis. 347p 

S 59 I 


Timdoni nr Teudoos {cffHL} 
CO muKlep 

n^r^'c#, 550 

550 

central, oF diaphraKni, 5S3 
COnlnianp oF eiLtcnsorB nf 
fotejirmi, 492 
nf Hcxfiri:, 492 
OaDjamt, 593, 595 

nilatiLin, 10 hemid, 1449 
nf inFundibuluiiip 7i0p 71K 
inicnnedtiiic, oF diRAimt^ 
569 

of omohyoid^ 572 
oF CESophagi^ tlQ4 
of quadriceps, ^58 
Tejuioa-cclbj 15 

Tendon, ahcArha^ AW Shoath^p 
synoviii 

Tentoriuru cetrbeth, 108 j 
Attdchmrnif, 315, 1081 
Teslisp 1493 
npprndac, 1493 

dEvelopinmtp 211, 2zo 
applied anntoniyp 149^ 
ttlterYh 805 
COldd. 212 

de^enl, 214, 224 
imomalif^ 215, 149(1 
t^laEion 10 hemiat llE, 
1449 

developtneni, 212 
iluctap efietejni, 1496 
development^ 307 
ectopia^ 21 i496 

IfubcTiuieiilum^, 2T3p 220 
intcr&Etial e«lli, 21J, 1495 
Ivmph ilra^iruilp:, 906, I4(;j<a 
nenea, 1217, 1496 
me, 21 3 p 149(1 
retraction^ 594, 1482 
•iruEiutep 1495 
veiii?, 872, 873 
Tetrulngy, nF FaHot, 726 
Thanlamencephiilon. looo 
Thalamus, 97^, f>g8, looo, 
1072 

artl^tiE 4 , 7^1 770 

coTinexiniri, looj^ rocj 
devd^ntentp t^E 
FunciioiiNp 1004 

irtunphokk||\', tooj 

parui^ 1001 

rclatJoUft, tooo 

to internal capmie, 10^3 
lo lateral ventricle, 1057 
itnjcture, 1002 
Tlicca NIiculL 57i 1510 
I'hixiry. Vimng-Frelmholiap 
1007 ! 

Thorax, 363, 701 I 

npfvlied anatomy^ 262 
artenefi^ 728 ta 733, 771,= 

774 ^ ■7771 703 
bones, 262 
taii'it)', 701 
inlet, 262, 701 
ioiTlt?, 471 to 47S 
lymph draim^ce, 909 to 914 
nodes, 909, 910 
rnechanlRtn^ 47^ 
tnedindiltnuiri. 1331 
movernenta, in rcspirutiun. 

475- 

muisclc?, 582 

tWTVCSp H33, 11411, 1154, 
tiGii, 1211, 1214 
Outlet^ 363^ 70t 


TIlOTua; (coni.) 
aex diiferencet, 2*2 
veins, 858 
'Llirci]id, ipinilp 60 
I Thumb— 
artcxiei, 78G 
bones, 387, 390 
' Jaintii, 501, 504 
tno^wiems* 501 
musclea, ^146+ 647^ <Ml%* 
ncryes, ]iG2p IJG3 
Thymus^ 1539 * 

Hgc changes, tSsp 1539 

applied Aimtomy, 1540 
arteries, 735+ 1540 
dcvclijpmcnip 184, 1539 
lymph dminape, ui3 
ntrvm^ 1540 
AtnKtuxe,. L5J9 
VeiltAp 1540 
■ ThyraKin, 1529 
Tibia, 421 fn 428 
epiphyiCfl, 438 
nuiHcnt aneryv 833 
nsathcttrinrip 428 
surface amiitamy, 42J , 423,. 
4514 

TlSSUea, 6 

adjpo!ic, tlj 13 
anpiobhatict 8t, 152 
arcnlar, 11 

cxtrapetituTvcal p 601, x 399 

connect ive, ii 

^■eiseli and rverveS, iS 
e^trapentoneal, 601, 1 Jpg 
eiastie, ycUow, 11, 13 
orecUJCj, of cltiorth, t^ze 
of penit, 1503 
of urcihta, i4^j2 
of vesTibuEBj, 1522 
flbro-DieolaTt, 15 
fibnxis. u'tutc^ I lip 14 
lytnphoiij^ t7 
mucoid, 17 
muscutar, ^G 

striped, 3t, 32p 54^ 
unsiiipetb 35 ^ 54 ^ 

nervouBp J7 
oflcogenetie, 2j 
rviiculnr^ 17, 57 
RcJetalofiHiau^, 79, 103 
tolemuB, G, 19 
i|)niputlui-chraenanin, 1533 
lrcLb^ul 4 ir, oF iclcra, 1238 
aubarachnoid, 1^84 
I'ituhfiliiinp 982 
Tow— 

(Lneries, 830, 851, 834 
bones, 44b 

developmcfit^ 131 , iz2 
joints, 545 
muvefncnin:, 543 
nerve*, 1186 m IJ90 
vnm, HG4, 8G6 
webbltigp 122 
TomeSp fibres ciF, 1364 
Tone oF miiKloft. Tonu* 
Toog^ue, 137J 

applied anatouiyp 1380 
artertc^ 740, 741, i^Sa 
dcvchptneutp 117^ 183 
t^lanJSp 1380 

l^tnpli dminage^ 81 h> to 
Sgt 

rtiQvement*, 1377, 1378^ 

. *579 

in dejflntiiiori', 1 jyo 
mucous nienibnme, 1379 
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Tongu« (ftiwf,) 

miiscftfsp 1:^76 to [J7^ 

dcv'ieliDptnoit, 117^ ISJ. 

^ CMcnmic, I J 7 <> 
inirinftk, 1J78 
ticrveSp i83p 110^^ 

1120,11 j7, laa^K ijSop 

p;ViilLii?p 137^ 

i^truirtytT^ 1379 
vtina^ 8437^43 

'Fncna^bntup f|p 12^1^ 

plccrrnn rnkroSopy^ 9 
Toiuil^ T^Sz 

nrtt^riCilp 740p 74^^ 744 . 
1386 

c|iBvrlypincnt+ 1K4 
lymph dfliinBjgCp 

ric 6 , riiQp ijSfi 
»tnji:ru»^ 138b 
Eiirfiicc aiuiramy, i jHCp 
veiiis^ 

of rtUth(or\' tiihv, 1376, tjSa 
of ccrcbclluijii, 97^ 
linguiLl, 1374 

pliaryligcuL 1382 
tuhafp tlTb, t3«i 

Tonuft, of muMdeap 549, 936 

'^ 43 > 9 ^ 
t Jcii]^ 93fi 
posniTulp 107^ 

Toothy Sir aiitr T«tb 
uii^orn, 135^^1 13*^2% 13<>3 
TonioOp of femoTii! ncck> 410 
rtf humvrut^ 36W, 37* 
of limbsp 121 
of Apcnfuitic rtordp ^446 
Tortiortllis, 569 
TiMllKCutE, of boncp 13 
CATO^ft^ 7I0» 714 
crnnii^, 1^*7 
i>f fcmiir^ 418, 419 
of tymipb rKMJOk ^^79 
of ponw, J503 
flcptomiArsnnalp 7=0 

rtf spleen, 1543 
Troichea, 1319 

applkd noiitdimy, 1:323 

oneries, 1323 

canibiifi^, 1334 
dcMrlupnipnE, 200 
J^Tnph vessels, S80 t JLjaj 
mycoo^ mefiibrmrio, [.124 
muKlt^p I.134 
flerVWj 113^3 tin. 

.13IS 

tT:Iatirtll 5 , 1320 
atnactu.re, 1:324 
nurf.ico ormtoTnyp 13 25 
I’EACTfSi cir TRACTUS. 
St* ttfj^ Fasoicului^ 
biilboivpjnnJp £# 4-3 
h^dUcp rnetliAl lomptudLnal, 
<> 5 S^ vb 7 , 960 p 092. 

octtbeilnri 1077 
ironicopontine^ ^9, 
conJortf^fiifml^ 936, 932p 

Trt 72 

itoterirtr, 940, 952 
croSKfdk 941. ys2 
Ijiimlp 441. 95^ 
uncn]«S 4 dp 942| 032 
decussnlirtrip 04T, 952 
di^tryclkrip 936 
in inlciTia^ capimlep lof»4 


TrocKs) Of Tmcivfi (conf-) 

coniewpinaSp In medullft 

oblrtOj^iH^ 95ip ^55 
in mcBcnccphAlrtii^ 4^7 
inyiclLniitirtn, 1078 
origio, 94 r 
in pon^p 963 
tkvcendin^, 1072 
iliirSrtlaEeral, 932, 045 
eKterDccptivOp ]£Q72 
OKinipynrtnLdftl, 1076 
fa^iiipobulUarp 934. y7y. 

982, to7b 
ditifihiilp 855 

rcIntEon trt kneir^jrtint, 520 
surface nnutoniy^ 6^6 
ini^rpeffmcntalp antcrirtr^ 
041 

Iplcfttl; v+5. <H7 

pwtenoTp 94b 
lemniscus^ medial^ 

944 

muinillot£f(iitentitle loirt 
tniiiniltrtthrikmic, loo^p lom 
mrtlrtr^ Irt25, 1073 
myrlLfULtidn rtf, 107^ 
olfactory^ l44p 1020, IO31 
develcpmenft, 1 jH, tJ9. 

142 

olivocerebellar, 95b, 97^. 

t 077 

rtlEVrtapinal, 942, 9 > 55 p 1076 
optie, Ijflp lortbp 1016 
petiiminilarii tnmsvcmis, 
980 

propriocepth^e^ 1072 
pynLiti,idflL Sre T« cortlco- 
£pi.aa] 

reticuio^pifiELl. 94S, 954, 

io 7 b 

rybrofetkybr, 99j 
rubratpinil, i>4*. <);s, ?W3, 
ic 7 ft, 1&77 
deeiu^tkin^ 993 
orisin, 903 
rubrutlmtmnkp lOrti 
temiEunur, 04b 
i^osoeyp 1072 
decusSaiirtn, 9S^ 
fleptomarginal, 9411 
froUtariiLSp 954 

develnpniitnt^ 133, 144 

nocltiis, 954 
spEnal^ of iri|;eEiiinBl n^ 

96,% 1113 

Atimyliition fljid seclion of. 

Obg 

spinoccrebellur^ itmerkir, 

yjy. 04 *K 

1077 

pOArertor, 939, 942, 93 Jk 
97K. C077 
HpEno-olieary^ 95b 
spinoEOrttiil, 939. 044 t 05.5 
EpinotholamiE^, anTerior, 

030 . 04 ii ^ 07 * 
klepilp 939. 044 p 9? 3^ 
95W, 1074 

spimliJ fonmiinnauAp 49^^ 
1282 

jiUlCfSTLiarp^iiuil, 941 
IcCtnlHjllur, i>i>4» 097 
origin, 9 ^H. 997 
icctrtceTebelliiJrp 07 C»p 1977 
teelof^iiul^ 94^% 994 
decuKa^tiaii, 994 
origin, w 7 
nffpnenErt-spinal, 99^1 


^ 5 W 

Trains) ar TrArCitiS (1^:011'^.) 
%'e»tihul 9 eeiobclUr, 979 p 
1077 

vestibylrtspinal, 94 ^ 955. 
9*4* J07S, 1123 

ani{En, o^^p 964 

'ri^U^. <2rt4 
dcvelopmmtp 152 
TfamniiETer*, clieimmitp qiB 
humorul, 91^ 

Trapezium, 3)^1 + 3^85 
honiotojiry, 443 
osftiliattkin, 391 
iurfEioe nrwttimyp 3B4 
TrapeisDid bone, 38 e^ 3^6 
IvomolDgyp +43 
irt^iRcatidn, 391 
Treniori rerebellnr^ 982 
intrminn, gSz 
fbythfntcal, 982 
I'rendelenberB^ii aiRn, 

Trevd^ bloodies 1412 
TriaxigJe. Sm o/j^o Trigotne 
uf uuscultalirtfi, 613 
curntidp 7^2 
iliusuHCp 752 
femviral, H7, KeW, 819 
h^prtjfJi^Msal, 987 
inRiimal^ ^449 
tufiibarp 397i 613, 1451 
of neclk, s.nlcrirtr, |68, 751 
rttuiiculitr, 751 
prt«teridr, sbS, 75 ip 752 

rtcdpitfll. S72^ 75 J 
Aubclaviafi, ^72 
aubmcniMlp 752 
«lllhKCipital# 582, 7^8 
siiproclAvkular, 753 

'B up nun catnip 278, 280, 320, 

327. 1*74 

eftgfll^ gfiflp 1130 
Trigone, Trigoniini. Srt 
aifo Triangle 
rtf bladder, 1487 
de\'c[rtptnent, 217 
collatcfalcp 

HbpcMUTn, uf hnarlp 718 
hahenulut, looi, 1008 
dct'elupJiwni. 137 
b^pOglorSKT, 987 
rtlEactcryp 1032 
vagi, 0^ 

TrtquelmJ bone^ 381* 3*5 
hiM^ologVp 443 

rtssifirC3iTirtn+ 391 
Trituntion^ 5fV4 
Trodiantcr, RxeaEef p 40$, 4ir 
surface anatainy, 408^ 409 
leaner. 409, 411 
rhirdp 4E4 

l'n>clileiprtrhiinLenj!^3bb, 37^ 
pcratical^ 4lt3 
rtf vuperinr oblLque, 1 25 3 
rtf talus, 433 
'rmphrtblsiit. 67 
cyrrt-, b8t 98 
pluttMKlralp b8, 90, 9S 
pEvInrp 68 
probferotiA'Cp 92 
rnAorptive* of 

^Frunciw •rteHiMun, 1 1$, 157 

tfti 

Trunkp Trunks-— 

rtf bmchldl plexus, 1136 
cueliAC., 797 
brancbeip 7^17 eo I^i 
rtf CrtrpEu callouJtn, E 028 j, 
E033 
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Truak^ Tnmkft 
i^aatPC^Tviail. “774 
UnftuofAcidl, 745 
Suufilw^acfal, 1173. 

Ijttiph. ^fv Lymi^ tmnki^ 
pnnglioniitcd^ tytn- 

pAi hfiii: ^ Set SyAierrif 

«yjn| 3 gi.|l&clJc 
pulmonai-y, 7^8 

applied uruti^my, 71^9 
hninchcs, 728, 739 
drvct{»pnirtiT, 11^, 16?, 

i6i 

in Iiuig», 1^34^ 

7 tQ 

iBUflocf miatomyj 7*6 
*ym| 5 «lb*Mic, 937, ijfii, 
1304 

nppIkU rinttKHtiy, [321 
dcvclu|Ymrnt« J44 
funclidfta^ 1304, 
slnjrtLirfp t -43 

cephalic pan^ 
cen'ical tao7 

pimilyiiiBi I 31 J 

lumbtir, p«rt, laij 
pelvic purt, jzi3 
thoncic pitrf, [xtt 
ihyiiMrerk-icu]. 77^ 
vflgatp SI3J 
'rrjp^inciKCJi^ 1455 
Tube 

audiiury, 1275 

flrtcrira, 740 h 744 p 74K I 
750, t7a& 

bony p^p 3 iSi ti 7 S 
CHItlbkRinous part. ^285^ 
1^75 

devclopmcnip 15^, <07 
lymph djvtnace, 889 
jiricrvcSp llTfp 

pharyngrtii opvniniTH 138? 
Eomilj Ii7& 
dijicAtivop 1342 

annmiLlj». tQ5p 10 
dcvcltipmcni, tht m J0 
lympKinik draimigep fl^ 

m 904 

liLEyngolrUciiCttl, coo 

ocuaLp 125, 77 

dciTi'ativHi, E25 iQ iw 
dcvdopmcitTp 77, 125 
Ik^curca, ia«j. 13* 

ptutryaeotympatiic. Sf# 
Tubc» niidimry* 1275 

uLcrinCp T511 

oppli^ tntlomyp 1512 
arteries, 810 
dcvrkipfTicnil, 209 
hoinologiic, 229 

lymph ilraifutfte, 907 ' 

ftEJXtCtim;, [^I2i 
Tiibrrp Tubercle nr Tuber- 
oaiiy— 

jidducmr^ 414, 415 
a^iifacr miflt^yp 415 
^niilp [95 

nrtictllcT^ 477 t 3^1 

of ntbt^. intcriorp 232, 
S 33 ' 

pcatcrinrp 232p ?33 

tuditoryk 08 
auricular 1264 
of calcAnrum, 438 
ouxmd^ 232 

ancrcuiiii 95 WJt 

10(3 9 p 

drvciopmcntp 137 


Tuhnr Tubercle or Tuber¬ 
osity^ (coff/.V 
connid^ jhSp 363, 480 
of cuboid IxMie, 443 
cuticDir 951 
deltoid, jts3» 370 
of epklptli^, 1306 
frontflip 270^ 330 
HCniil^ 305 p 306 

jifftitfllp 2[8p 220 

glutcflb 41 4 t 4 

gtflcilcp 951 
of humenu, 365. 36^ 
Burface ajmtomy^ 365 
iliac, 397 
of Uiflc crest, 393 
iurfnce «nBii 3 m>v 393 
tmpflr I §2 
infnit^inioid^ 358 
intctcordylBr, of tibim^ 4ii> 
422 

iniErvrnoLJA, 708 
of iftcluiim, 400, 401 
oBiiticadon, 404 
surface unitomyK 400 
jUgutdr 2 i 37 t 298, 314 
linguelp of iiTEth, 1360 tn 
{ 3<>3 

murgillialp -of rygomap 3^2 
of rTULC£llB.p J42 
TUcntalp 303 

of meEatarsal, fifihn 44^ 
armtpiny, 44#> 
Mulleriiiii, 209 
of navicular horw^ 439 
*urf^ flnatcMtiy, 439 
obtursLiorp 402 
oiraciDry, 1020 
e^-olution^ 1020 
otuencfllc, of liiw, 1460 
of pancncar, 1453 
of p^tinc bone, 484, 283, 
JSO 

ponetilp 348 
peroneal, 438, 431# 

4UiTbce flndiotn> f 438 
of phfllan|tc«p difltal, nf 
Imgerip 39 * 
of tocflp 446 
phuryngcat, 283^ 313 
pOitgCrnotd^ 280^ 3x1 
plcrygaid^ 318 
pubic, 30 

smfflce anatomy, 30 
quadrate, 410^ 41 ip 411 
of rfldlufl, 373 

Jor**!, 373, nb , 

aijHkce DluBtOmy, 373 
of rib, 258, 2^ 
of Mcrump apinous. 443 
imwcrac^ 244 
Bcnicnc, 250, 260 
of anpboid bone, 384 
lUiTRce anatomy, 384 
lelbe, 494 k i!9SK 3^5 
for ftcrraiua anieriDr, 261 . 

BupraglrmnJ^ 30 
of tflluBp 436 
puitetiorf 436 
osailuatiDn, 44^ 
of teeth p 1360 to 1363 
thyroid^ inferior* 1303 
■uperiorj 1303 
tibuU, 42423 

Hiifflce anatomy^ 423 
of mipeKium^ 384^ 385 
of ulaa* 37&* 379 
of zygoma, 280, 321 


204, 107. 




Tubules^ of Lidncy, [476, 

development, 

208 

of dcniinep 1364 
of epo6photonj, 
of mesonephroa, 2n5, 

213 

of pirDUpItOreCLr 151* 
of pronephiWL* 20s ^ 

reaal, 1476, 1477 
devcIopmctiE^ 204 
BtnictUFF, t 4 f 7 * 1478 
Bcminifcroud;, ^495 
devd^mcni^ aij 
structure, i.^(y4 
Tunica ftdvcntilia, of atteriEip 

of vcina^ 698 

a Ibug LllM^ of oiTwy p 1509 
of penUj 1502 
of teuitp 1494 
dcvTlopmenip 212 
danna, Sm Muscle, dartoa 
folliculi, 1510 
Enilinap of arterica, 695 
of VcaJlfi^ 64>8 
media, of arterieflp ([95 
of veins, 00 

propria, of labymith, 12B7J 
VBi'injiiis testia^ 140J 
applied anatomy, 14^ 
dcvelopmcnti 215 
vaoculoea festia, 1494 
Tunnel of Cofti,. 1291 
TurifiH.* (15 

Tympanic, imtmtii, 278^ 303* 
1271, 1274 

applied aiuttomyp 32S, iz$o 
cavity, layo 

development, tji, tSy^ 

lymph dmmage* 889 
membrane. Sv ft/JO Mcm- 
brajucv 1272 
ring, 327 

I’j'Tnpttnohyfll^ 151, 35h, 327 


577p 

coror>ojd process^ 377^ 379, 
488 

e|tipb>'HB, 381 
nutrient artery , ySS 
oLeemnon, 377, 379, 490 
ouificationt 381 
lurfaee anaEomv, 377^ 17B, 
Umbiticunp 130 
cloRiirt* 195 

conneiion, with bladder, 
Si?. 14S4 

intestine, los, 1427 
with livcfp 723 
development, 83, 88, 224 
L'mbo, of tympimic eh^' 
bratve, *^69, 

L-npi, 1*31, 1032^ SD34 

L?ntonp radio-ulnar, middle, 

IF 

Urtii, motor, 927 
tiranhia, 14^4 
development, 217^ 340 
relatkiin* to perrtoneum, 

applied anatomy, z02 
ancrim, 803, 80 , So9p 

102 

ooiutrictiima, 209^ I0i 












INDEX 


Ureter, 1 h|S 9 

devdopfiicntp stojr ioSt 

doLibk, 14^1 
^niph 

nefwcSp iai7^ iiMp 

iJ ^2 

oiifiocp 1437 

pcWu ofp »7^ I 474 i 

♦*■***“ 
rad Hifirraphy, 

Fclntiftnp m V4|{iiu. 144^1 
Id ducitjAcl'en™, 8 4^1, 

MQ 7 * 
wuchuc^ 144^2 
turf ACC fiitiiEcmiy^ 14^0 
Urethm, i^90i 149^ 
inv>iirM)li«p i2j0. 221 
ancrieip Sxj 

devcIapiTtcnr, 
iTitcmBil DtiE^p 14^7 
chfiiigcSi l4iS& 

tyinph vcssch^ 
nerves, jiga 
female, 149^ 
dcvclapmenrp 
^tEXTifll tiiifkrKlS^ 
Alimds, t4g2 

incun^, 

rebrion, to 14^2 

stnitCiJte, 1402 
fxude, 1490 

applied flnsiDmyp 1491 
tlevelupmtsTLi, 21B, 319 
ektemal 1491 

* fOS 52 f, 144)0 
Hbiid», 14411 
bcmiiCp 1491 
rii«nbi^[iiiDu 4 port, ^xPh 
6cg, 1490 

plOSifllU: partp 1490 

devetopnient, lOpp 317 
aphituncn, 1491 
b|Hjn^ peiiT, 149A 
development, 21B 
ftlTueturek 1491 
Uterus *5^^ 

age clianee^T ^51^ 
iintcf 1 c 3 d;jti, 1^14 
imte^'etiiDnp I5lt» 
upplicd iu]KC 9 ntiii\ 

Aneriefin S*6p ^ 9 ^ ^ 5 *® 
cavi^% 1^1$ 
cervix, j^e 4 
devclupincni, xti^p 210 
ij^jpunerLHt 151^ 
dcvel ipmeni, 
lymph vcfiaela, 907 
Lfi nicn0tF\yitiallii 91Z, 151b 
mumm membrAiie, 1517 
cydlcal cKftPRCs, 93p 1517 
ncrvefl, tzao, 1223 , 

jiu d ctpmflL 1515 

^^Tnleniai, 15*3 

pcriEoiieum, t 4 ®J^ 14 ^ 4 ’ 

1519 

IP piegnjincy, 95^ ^ 5 * 5 * 

1516 

pmlapK, 605, 6ofi, ijifi 
nTtreftexion, 15 s'® 
rcttDvemop, 1518 
size^ 1513 
Brructiire^ TSI^ 
veifUp S69, 1518 
Utride. of «r, 1 2^4 

dcvdopmcps iS®- ^ 5 * 
function, 


Utricte (^c»f.) 
nerveip 1294 
Ktructure^ 1287 
pFf»ist]e„ 1490 
devclopmeiil; 211 

^aop 149* 
Uvula, dfcefeb«lluiii^97i 
of pjiBte, 134b, 1348 
bifid^ 115 
Tesicir, * 4^7 

Vagina, 1530 

trterieflp SjOp 813, 1521 
bdb^ 210 
eoEmniw^ 1520 
dei'elapmenS acp Id Z t [ 
fomicca, 211, 1520 
rcbtlon, to urctert 
1520 

homologUe, 320 , 1490 
lymph, vessels, S 9 &, 907 
nen’oa, tjn 
orifice, 1^32 
pcHioncum, 1403 r ^520 
fitnuctufe, 1520 
%^Eiiiffp 870, 1531 
^vfllJhule. 2tt, tjzz 
VnllecuU, of ecrcbelliJiTip 970 
of kryox, 1306 
ncr^iW* 1133 
%'al%'CSp anal, 1443 

dcs'ctopiTient, 195 1 

aortic, 714 

de^'etopm^^nt, t66 
surface ftiutiomy, 716 
aedoventneutarp 710* t^4 
drvelopmenE, 
iiurface unuloEiliy, 7 t6,. 

717 
kft, 7^4 

right, 7 tt 3 . 7 tt 
of cororwry sinus, yoB, 
*^37 

de^ddpment, 159 
uf heart, 7ld, 711, 7IZ, 

714 

deidcipiuicnt,, 16& 
nerves. 7-^. 7^3» 
ekirfdoe aiuitoiny> 7 ib, 717 
iljooecal, 1434 
flurfnee aiuiEom>v .1434 

uf tvmpb vn^els <8i, 878, 

879 

mitnii, 714 
development, 166 
surface wifttomy^ 7^7 
of naaoUcrimal duirt, 12^3 
pulmonary', 711 
dovcInpmenEK lf>b 
^ydaoc Afiiitoniyp 716 
jicmitunjirfe ih6, 7^1 
Bpiml, of cyntic duci^ 14^^ 
tricuJFpidp 710, 7** 
deveTopmenr, thh 
^lurface enatumy, 7t^ 
of vcLBs^ 699 

HxilLqr>\ 857 

a2>'g0*, 86a 

cOFonary^ «mus, 708, 837 
ferDDiah B67 
jugular, eXtemnl, 8 i |0 
intcmiil, 841 
ptipliteaL 86b 
Mphenom, S65 

applied untomy, 865, 
subclavian, 85:7 
testicular, 873 

applied anaininyp 873 


t6<sl 

Valves Umi.) 
of vebu, of vene cava in- 
ferior* 7^, 734 
development, 159 
fuiictionp 724 
veitebroj, 844 
venom, of hemrtp 15® 
of vermiform appendlip 

* , H 35 

Volvuln,, 7 1J 

Vas Vaaa— 
u^rronlJH, 779 
dcforcos. 5h« Duefu*, 
deferens 

ipititte df cochWo, 1391 
vaJoium^ of arteries^ ^9^ir 
of vciiUp 699 

Vem^ or VenEp 694, 835, 
eomiuintea, &2S 
development, 174 |o jHo 
deep, 835 

structute. ^98, 835 
superficial, S35 
systemic, 835, 836 

®35 
valve«p 699 
vniicuHe, 865 

VEINS of organs and re¬ 
gions— 

of ibdofnen^ 867 Id S77 
of antil canal, 868 
of inn, 854 
pf auditor)' luilrei, 1X76 
of auripk of cif, S39 
of bas^t nuclei* B46 

of bladder, urinary^ 868, 
14^ 
of boiie^ 33 
of brain, 845 

developm^I* 179 
of hrenat^ 1536 
of branchi, 860x 8 ^ 3 + *343 
of buttock, 867, 868 
of cerebellLon, 847 
of ccrebnnn, 843 
of ehorioidj plexqjp E 070 
of clilPtis, 869 
df^lcfVp 875i 876^ E+48 
df corpus «iiatuiTt, 846 
of dJaphTOgnl^ 858, 873 
of digiui of fool, 866 
of hand* 8^4* S53, 657 
of dipli^:, 8J7, 8301 844 
of duodenum, 87®ii 
of dum itiHten cicrcbtal, 
S+f. » 47 . 
flpinih 86j| 
of ear, externa], 839 
iniemal, 3294 
middle, 1279 

of eyebalL 852, 1239, 1230 
of face^ 837^ S38 
of foTcamip 854 to 837 
of goJI-hladder* 876* 
of gluteal fcgioti^ 867, ^18 
of htmd, 854, 8 53, 8 s 7 
of hetdl> 837 
of hcEirE, 836, 837 
of uircBilnetp lufgCr 875, 
867, t44» 
small, B76, 1432 
of kidney^ 87^* J479 
of labium mttfuSr ^5, 868 
of larynx, 843 , 859, 1317 
of leg, 864 
of limb, lower,. 864 
upper, 854 * 

of Upi, 838 
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Vrlnji nf prions And rej;iian$ 

of li^r* SI73, S74, 1463, 
1463 

cf lunjp, S35± £^t 
1,14^ 

of numnmuy (ttund, 

, ^S7. I5=t 

of mmulEu pblonj^Eu^ 453 
of iiioPiiii;^«i^ Si45« 
of nasjil i^viti'i 123O 
df nocltj 8^p 
of noiso, K38, 13.27 
of ii-AophA^ji, ft 59, R6d, 
IJ95 

of orbit, SjtS, >^sz 
of ovflr>v ®73i 151* 
of palate, GjS, 839, 
of panc:r1^tL^, 876^ fi75i *455 
of parotid, Kland, 135s 
of ptiU'w, S&7 
of peoii, ^<19, ¥504 
of pttioirdiiiiti, 858, A59. 
860 

of pcrkmniiitn, 844, 847 
of pharyrt^onTnpanid tube. 
£h V., of auditory 
tube 

of plmryn^p 8j8^ 843 
of pom, H53 
of pmitHb^, 36ftp 1307 

of loctun'^, 8li8p 875. 1448 
of ftiinup 1347 
of Rctxiurt, 877 
orSti|>pc>-.»77 
uf HonJp. 837, 839 
of Kieni, 

of serotiuiip 86^, 868^ 1 jO t 
of JituJLp 837^ S39 p 844 
of Rpinal TPedullo, 8^ 
of apleePp 874, 1544 
of ^tomaizh, 875 p B76, 1422 
of lupri renal inland ij 873, 

153b 

of cwiiip $ 7 ^ 873 
of iborax, 858 
of th^Uf^ E 340 
of thyroid jfknd, 838, 843, 
Mt i5=^> 
of tocj^ J!tb4p 865 
of tongue. S4ip 843 
of tofWil, 838^ 1386 
of trachrOp 1345 
of tympanic aivitj', i47Qr 
]27I 

nimibnitiep 1174 
of uiubilkui, 85+ 175+ 733+ 
876 

of uterus, 869, 1318 
of ^7°^ 75“ ^ 

of vermiform appendix, 
R76 

of VT-Ftebral column^ H44, 
863 

VEim or VENVE+ Named— 
■dvehentOSp 175 
BiuMtoTcnoric.cirbiainp 846 
arch^ dnraal, of foot, 864 
jujrular, 841 
naxalp S37 
palmar, 857 
platitarp culancoufl, 865 
deepp 866 

kfdfonn, of kldl^fv, 147<? 
audiior>'+ inrcrnal, 853 
auncubir, posterior, 839 [ 

axilkry, 857 

iurfoce anaTomy+ 858 


Vebu or VenaSp NajnwJ 
(cmf.} 

azy^DSp S60, 1336 
applied aiUltOiTiy+ 863 
devclopmentp 175, 17S 
line, 176^ 178 
lumbar, 86u, 87a 
bml^ of brain, 846 
ha^ilic, 634, 856 
ba^ivmebnilp 22^, 463, 864 
brAHchcalp RtT 
brocliiaoeiiiiaLiC, G48 
development, 17 j 
pecu.liojitieG', 858 
fiurfaee aniuoniy, S58 
bfonohial^ 860, 863, 1343 
biicc&l, 839 
buccinator, 838 
cdrdlaCp 837 

coidinatip auteriorp 137+ 17^^ 
180 

oommoD, 17^ 
po^torioir^ 155^ 157, 175, 
176, ^78 

cfiva, infeHor« 708, 871 
aOOEnahe^, 871 
applied dniJtQm]f+ 87a 
aitedcd, 794 
eolTatcral cireula rion, 
87 z 

devtlopmcntp 158, ^75, 
178. 875 

in fcrtal circulation, 
7^3 

nerve*, 1117 
orificcp 70S 
peculiariticsp 874 
poatrenaJ: Kguient. 176, 

178 

prereral lef^menip 176 
^ rrlutiollp to liver. 1459 
furface anatomy, 871 
in thorax, Syr 
tributariesip B74 
\mlv«, 708, 744 
suparior^ 708, 859 
leftp 176, 7o«, 858 
applied nnaiomy, S6x 
collateral cimulaliDn, 

de^elopmentp 167, 175 
ortiiee, 708 
peculiarities, 176 
surface anniomyp 860 
triburaric*, 860 
ctntnd,^ of liver^ 1463, 1464: 

of rcitnep 1095 
cephalic, S55 

de^'clopment, iSo 
surface anataaiy+ 856 
necessory^ SfO 
cerebellar, 847 
cerebral, S45, E46p 847, IO70 
cervical, deep, R44 
tnmsyenep 640 
cborioid, of brain p 846, tojo 
oftryc, ISJ9, tJS 3 

cili^', 1350 
colk, 87^1 876 
iMiiTiilanlea+ 835 
brachial, B57 
Hr bypo^loiai, 843 
rniiial, II57 
tibial, 866 
ulrtatp Ss7 

of condylar canal, 854 
cordis mimnuL^ 837 
OlifiecSr TbS 


Veliv or Ven«, Nained 
froHl.) 

coronary smun^ 7o8p 836 
valve, 70S 
i:ricoEhy'TOEd+ 843 
■ cubital, medij^, B55 
I applied anatomy^ 857 
cyitic, S76, 1460 
denEal, 839 

dipliiab dontab of fcH^K 864 
of handr 834 . 
palmar, 85| .-y' 

plajitar, i^A 
dipJojn, 837. 839* 844 
dHHrsBfrof ciiEOtis, 869 \ 
of |9cnU, deep, 869, 1504 
iUpei::flcial+ 86jhi 869 
doraoles linjiiuae, 84a 
emissary, 839, 854 
applied anatomy, 854 
cpiKii&tric, inferior, 867 
iuperfidnlp 865 
facial 837 

applied anatomy", 839 
connexions, niill cav- 
emokis sinus, 838, 

deep, 

m 

poateriof. Sir V., retro- 
cnandEbulaf 
Itanst'crae, S39 
femumJ+ 866 
gastric, Icfr, 876 
riKht, 876 
ihort, B75 

flastro-epi|>bic+ Icft^ S75 * 
riaht, 876 

IftuEeaf, inferior and a>up“ 
erior+ 867, 868 
Cerebral^ S47 

hitiTHarrboklal+.Srr V,^ rrcfit , 
bead, primori", 155, E79 
hetniuy-H^ tnfetiorH 860 
supcfiort, 860 
development, 177, 179 
•“P“V 5 - f*<«. 87a 

m Iiver+ 146^ to 1464 
hdp^ttis communis, 158, 175 

, 176 

il^ycohc^ 876 

Utac^ circumllex, deep, S67 
■upcrfidal, S65 
eammon, B70 
dcvefopmcnt, 176 
pccidiilritie*, 871 
surface anatomy, 871 + 
87a 

eXEemd., 867 

surface anatanrv, 871* 
873 

inter, till, 867 

iimomifUle, St’- Vein, 
btachioccpbaJic 
mtercapitulor, of h^t^. fUf 
InlereoslaJ, atlicriorr^a 
postcriof, 861 
superior, left^ 859, 8*2 
dc^'elopment, 175 
HiuhE, S60, 86?! 
interlobular, of kidney, 1479 
intcrse^pncrLEal, 135. 176 
intrrvCTtchrab R64 
initalohukir of Uvet, 873 
Ju^Lu-, anterior, 841 
external, 839 

ilcu^InpmeAT, 180 
Eurface anatomv., 
840,841 













.a-i 


i oi -3 ' , P. w-’® ‘ 'i j 
/o 0% - P-^SL^ ! 

'Sa-'i' 


( 



/ 


<^ntral ArcluiMlogkar Library, 
' ^ • NEW DELHI. 


GaUNo 


Anthor— {7sn 


‘*A booh that is shut is but a 6focjfc*' 

-^AEOLOq, 

CXJVT. OF INDIA 

Dep^itment of Archaeology 

^ NEW DELHI. 

O ® 

Please help us to keep the book 
cleBD and moving. 


l^i 



















